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Abstract

The devel opnent of personal and fixed-site continuous nonitoring
devices offers the potential to inprove nonitoring of the work
envi ronnent and control worker exposure in underground coal

m nes. Such devices could allow conti nuous nmeasurenent as
opposed to periodic neasurenent of dust concentrations.

Furt hernore, worker exposure to excessive |evels of dust could be
m ni m zed because m ne personnel woul d be aware of the actual

dust conditions in their work environnent at all tinmes, and
appropriate action could be taken. Dust control paraneters could
be nonitored continuously allow ng problens to be identified and
corrected imedi ately. This paper discusses the concepts of

conti nuous personal and fixed-site nonitoring devices and the
need for the devel opnent of instrunentation to nonitor paraneters
used to control dust continuously.

Introduction

The purpose of this presentation is to provide background
information which led to the recommendation that the M ne Safety
and Health Adm nistration (MSHA) devel op instrunentation capable
of continuously nonitoring dust |evels and paraneters used to
control dust in underground coal m ning operations.

On April 4, 1991, the U. S. Departnment of Labor announced the

i ssuance of 4,710 citations by MSHA to over 500 conpanies for
tanpering with respirable coal mne dust sanples at nearly 850
coal mnes. These citations resulted in the proposal of civil
penal ti es agai nst nmine operators totaling some $6.5 mllion.
Concer ned about potential tanpering and its inpact on the
integrity of the programto control respirable coal mne dust,
the Secretary of Labor directed MSHA to review the program

t horoughly and make recomendations for its inprovenent.

In response to the Secretary's directive, MSHA established the
Coal M ne Respirable Dust Task Group (hereafter referred to as
the "Task G oup”") to review relevant information and to study and
recommend i nprovenents to the Agency's respirable dust control
program In conducting its review, the Task Goup conferred with
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MSHA officials involved in the program representatives of other
gover nment agencies, including the Bureau of Mnes (BOVW and the
National Institute for Occupational Safety and Health (N OSH)
and representatives fromthe mning conmunity, as well as other
interested parties.

The Task G oup concluded that new technol ogy for continuous
monitoring of dust levels in the mne environnent and of the
paraneters used to control dust offered the potential to further

i nprove mner protection fromexcessive |evels of respirable coa
m ne dust and inprove the integrity of the enforcenent program?.
Accordi ngly, the Task G oup formul ated recomrendati ons t hat
focused on the devel opnent and i npl enmentati on of new and i nproved
t echnol ogy for continuously nonitoring dust |evels and paraneters
used to control dust.

The estinmated tinme to i npl ement these new technol ogi es was
several years. Therefore, the Task G oup al so recommended

i nprovenents in the existing enforcenent program These
recommended i nprovenents concerned nonitoring, dust control,
training, surveillance, and the role of the mner. Presently, as
a result of these recommendati ons, MSHA has inplenented a new
dust cassette, is investigating no or |ow weight gain sanples,
has proposed a singl e-sanpl e nonconpliance determ nation in the
i nspection program has reviewed all dust control plans, has
proposed certification and decertification regulations, has

i nproved education and training plans, and has assisted NIOCSH in
the National Coal Study.

Recommendations for Continuous Monitoring of the Mine Environment

The Task Group found that technology is at the threshold where

fi xed-site dust nonitors and dust control paranmeter nonitors can
be devel oped. Monitors strategically located in the workplace or
nmount ed on the m ning equi pnent would permt the environnent of
the mne and the paraneters essential to the control of dust to
be nmonitored continuously. Information provided by continuous
nmoni toring devices would give real-tinme data that can be used by
m ne personnel to achieve control of hazardous dust levels. The
information could also be transmtted to a central data-
gathering site for processing. Although the devel opnent of
monitors is feasible with existing state-of-the-art technol ogy,
the Task Group recogni zed that a commtnent of resources would be
required in the area of research to devel op and evaluate this
instrunmentation and integrate it into the mning industry.
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To achi eve the goal of continuously nonitoring dust |evels and
dust control paraneters in the mne environnent, the Task G oup
recommended the foll ow ng actions:

. An accel erated research programto eval uate existing state-
of -the-art technol ogi es having the potential to be used in
t he devel opnent of a fixed-site underground coal m ne dust
monitor. Applicable technologies to be considered were
light scattering, tapered el enent oscillating m crobal ance
and bet a-sensing gauges. The ultinmate goal was to have an
instrunment that could be used to provide conti nuous
information to the mner and m ne operator on the status of
dust resulting fromthe mning process, as well as
information on the status of conpliance with respect to the
applicabl e respirabl e dust standard. The application of
such a nonitor was expected to be simlar to that of the
current nethane nonitor.

. An accel erated research programto devel op instrunmentation
for continuously nonitoring paraneters such as ventil ating
air quantity, water consunption, entry velocities, etc. used
to control dust.

. A research programto devel op a device for nmeasuring full-
shift personal respirable dust exposures and for use as a
hand- hel d detector for determining the efficacy of nethods
used to control dust. This would be a device simlar to the
M NI RAM an i nstant aneous dust-nmeasuring instrunent that
uses the principle of light scattering to neasure the anopunt
of dust in the environnent. However, unlike the M N RAM
the instrunent devel oped shoul d provide a direct nmeasure of
the mass of dust to which an individual is exposed. The
desired devi ce woul d be capable of providing both a short-
term nmeasurenent and a determ nation of the average full-
shift respirable dust exposure. |In designing the
i nstrunment, enphasis should be placed on mnim zing the
wei ght and size of the unit and optim zing resistance to
t anperi ng.

Status of Recommendations

Bureau of Mines

In response to the Task Group's recomendati ons, the BOM adj usted
their priorities and inplenented an accel erated research program

costing approximately $1 million for the devel opnent of
instrunentation to nonitor the mne environnent and paraneters
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used to control dust continuously. Under their accel erated
program three major efforts were initiated:

1. A contract was awarded for research ained at the devel opnent
of new, or novel particul ate mass-neasuring technol ogy.

2. A contract was awarded for the nodification and
ruggedi zation of commercially avail abl e technol ogy.

3. An in-house effort was initiated to devel op net hodol ogy for
real -time neasurenent of paraneters used to control dust.
Thi s included the neasurenent of water pressure and
guantity, air velocity, machine tram speed, and power usage.

The contract(® for the devel opnent of a novel sensor for
measuring the mass concentration of dust in the environnent was
awarded in Septenber, 1992. The objective of the novel sensor
contract, titled "The Resonant Filter Menbrane Mass Monitor
(RFM3)", was to neasure the mass of dust, in real tine, collected
on a vibrating filter. The sensor is designed around the
principle that the frequency of the oscillating filter will shift
in direct proportion to the mass of dust deposited on the filter.
The initial devel opnental phase of the contract was conpleted in
May, 1994. Hardware devel oped under the contract has been
delivered to the BOMand is currently under evaluation. This
hardware is shown on Figure 1.

The contract(® for the nodification and ruggedi zati on of
comercially avail abl e equi pnent was awarded to a conpany t hat
manuf actures systens for neasuring mnute quantities of dust

coll ected during environnental sanpling. The systens use a
tapered el enment oscillating m crobal ance (TEOM as the principle
of neasurenent. The system shown in Figure 2, uses a filter
mounted on the end of a vibrating elenent. As dust is collected
on the filter, the frequency of oscillation of the el enent
changes in direct proportion to the mass of dust collected on the
filter. Because of the sensitivity of the sensor, real-tinme nass
concentrations can be determined in a matter of mnutes. Wile
the systemis sensitive and has the capability of providing a
real -tinme neasurenent, the comercially available units are
relatively large and sensitive to shock and vibration, making
them unsuitable for use in underground m ne environnents.
Consequently, the primary objective of the contract is to reduce
the unit's size, nake it suitably rugged for use in mne

envi ronnents, and devel op technol ogy that would elimnate

measur enent bias due to environnental noisture (water droplets).

This contract is currently in its second phase. The initial
phase was to determ ne and denonstrate that the system coul d be
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nodi fied to withstand the rigors of the m ne environnent and the
forces of shock when nounted on a piece of operating m ne

equi pnent. During this second phase of the contract, nodified
systens will be tested and evaluated in several underground

m nes. Upon successful denonstration of underground testing,

10 units wll be manufactured for evaluation by the BOM These
10 units are scheduled to be available during the first quarter
of 1996.

The in-house effort by the BOMto devel op instrunentation for
continuous nonitoring of parameters used to control dust has been
conpleted. Existing technol ogy and hardware were assenbled into
a package that provides continuous nonitoring and recording of
the pressure and quantity of water supplied to a m ning machi ne,
the velocity of air being supplied to the workplace, and the tram
speed and power usage of the m ning machine. The package has
been successfully tested in a full-scale |aboratory nockup of a

| ongwal | face, and has been scheduled for full-scale testing in
an underground mne. The main objective of the in-mne testing
is to denonstrate that by nonitoring and optim zi ng paraneters
that are known to have an inpact on dust generation, problens can
be quickly identified and corrected so that dust |evels can
continuously be maintained within acceptable |evels.

Mine Safety and Health Administration

In addition to the accel erated research activities of the BOV
the MSHA initiated a programto gather information that woul d be
needed to develop a programfor utilizing a fixed-site continuous
nmoni tor for ensuring environnmental dust |evels would be

mai nt ai ned within acceptable |levels. MSHA's program consi sted of
assenbling three personal respirable coal m ne dust sanplers into
a package that permtted continuous sanpling of the m ne
environment. The package, shown in Figure 3, was designed so
that it could be |located in the vicinity of the nmachi ne operator.
The package was interfaced with a datal oggi ng devi ce and was

desi gned so that power to operate the sanplers was obtained from
the m ning nmachine. The package was programmed so that each of
the three sanplers would sanple a different shift on the sane day
and woul d repeat itself for five days. This provided the average
five-day respirabl e dust concentration for each of the three work
shifts. In addition to the average five-day shift concentration,
i nformati on was obtai ned on production and m ni ng nmachi ne
operating tine.

Data gathering with the package commenced in October of 1993. To
date, over 25 weeks of conparative data has been obtai ned.
Attenpts are currently under way to gather additional data to
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determ ne how wel | neasurenents obtained with the fixed-site
noni tor conpare w th neasurenents obtained on the continuous
m ner operator.

Epilogue

As a result of the MSHA's respirabl e dust enforcenent program by
the Agency’s Assistant Secretary, an extensive research effort
was initiated for the devel opnent of technology that could
provi de continuous nonitoring of the mne environnent. The

devel opment and utilization of this technol ogy could provide both
MSHA and the coal mning industry with the tools necessary to
insure that respirable coal m ne dust concentrations in the
nation's underground coal mnes are continuously maintained at
statutory | evels.

Disclaimer

Ref erence to specific products does not inply endorsenent by the
M ne Safety and Health Adm ni stration.
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Figure 1. Conponents of the Resonant Filter Menbrane Mass
Moni t or (RFMB).



Series 1200 Monitor

Figure 2. Commercially available tapered el enent oscillating
m cr obal ance.



Figure 3. Prototype fixed-site nonitor constructed using
currently avail abl e sanpling technol ogy.



