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HazCom
Web-Based Technology: A Competitive
Advantage for Global MSDS Management

By Scott Williams

Exposure to hazardous chemicals is an ongoing concern. Technological
advances can have a significant positive impact on how businesses pre-
pare for and meet regulatory requirements. Specifically, web-based serv-
ices for global MSDS management and integrated environmental
reporting can be more cost-effective ways to meet the requirements. This
article reviews the different types of systems available and discusses how
to select the solution that best fits identified needs.

Mine Safety
Continuous Mining: A Pilot Study of
the Role of Visual Attention Locations &

Work Position in Underground Coal Mines
By John R. Bartels, Sean Gallagher and Dean H. Ambrose
Underground coal mine mobile equipment is often operated in a restrict-
ed workspace with reduced visibility, putting machine operators in awk-
ward postures for tasks that require awareness of their surroundings and
fast reactions to avoid hazardous situations. Researchers conducted a
pilot investigation that developed a method to gather visual attention
locations and work positions used by machine operators while control-
ling the machine.

Safety Management

Behavioral Safety in a Refinery:

Large-Scale Change & Long-Term Results
By Rixio E. Medina, Terry E. McSween, Kristen Rost and

Alicia M. Alvero

This article describes the implementation of a behavioral safety process in
an oil refinery. Data presented show the long-term effects of the imple-
mentation on recordable incident rates, lost-workday case rates and
direct costs of injuries. The implementation contributed to decreases in
recordable injuries, lost workday cases and workers” compensation costs,
and promoted desired changes in the organization’s safety culture.

Cover: Photo highlights this issue’s lead feature, “Web-Based
Technology: A Competitive Advantage for Global MSDS
Management,” which reviews the different types of systems
available for MSDS management and integrated environmental
reporting, and discusses how to select the solution that best fits
identified needs. Photo by Kajetan Stozek/iStockphoto.
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Mine Safety

Continuous

Mining
A pilot study of the role of visual attention locations
and work position in underground coal mines

By John R. Bartels, Sean Gallagher and Dean H. Ambrose

OPERATING LLARGE MOBILE EQUIPMENT such
as a continuous miner (Photo 1) is one of the most
dangerous jobs that workers perform in under-
ground coal mining. When underground coal is
mined by the room-and-pillar method, rooms are
formed by cutting into the coal bed (seam), leaving a
series of pillars or columns of coal to help support
the mine roof and create passages for the flow of
fresh air. Generally, a completed room is 4.9 to 6.1 m
(approximately 16 to 20 ft) wide and the pillar is 30.5
to 36.6 m (approximately 100 to 120 ft) wide. As min-
ing advances, a grid-like pattern of rooms and pillars
is formed, resulting in entries of horizontal mine
passageways (Figure 1).

The Continuous Mining Process
Typically, to begin a room, the continuous miner
engages in cutting (removal) a 3 m (9.8 ft) wide sec-

John R. Bartels holds a B.S. in Civil Engineering and since 1976 has worked in mining
safety on projects involved with establishing machine designs and procedural changes
associated with work in underground coal mines. He has worked as a civil and
mechanical engineer with both the U.S. Bureau of Mines and NIOSH on projects related
to machine safety, human performance and human/machine interactions. Bartels most
recent research has been in the area of applying modeling and simulation technologies
to investigate interventions that reduce hazardous conditions and events in the
workplace, in particular in underground and surface mines.

Sean Gallagher, Ph.D., CPE, is involved in research to reduce injury risk in the mining
industry, initially with the U.S. Bureau of Mines and subsequently with NIOSH. A major
interest has been to quantify the physical demands associated with work in underground
coal mines and the biomechanical and physiological effects of working in restricted work
spaces. Gallagher holds a Ph.D. in Industrial and Systems Engineering from Ohio State
University. He also teaches statistics as an adjunct professor at the University of
Pittsburgh. He is a member of the Human Factors and Ergonomics Society and AIHA.

Dean H. Ambrose has held military and civilian positions with the federal government
for more than 35 years. As a research engineer with NIOSH, he examines techniques that
improve safety and health in the mining, agricultural and construction industries. For the
past 10 years, Ambrose has worked in applying modeling and simulation technologies to

investigate interventions that reduce hazardous conditions and events in the workplace,

in particular in underground and surface mines.
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tion of coal to a depth determined to be safe based
on local geologic conditions and mining regula-
tions—on average up to 6.1 m. Deeper cuts can be
made (called extended-cut mining) with special per-
mission from state and federal mining regulators.

After the cut coal is loaded onto haulage vehicles,
the operator then backs the continuous miner out of
the partially formed room, repositions the machine,
and reenters to begin removing an additional 3 m
section of coal to produce a wider entry. This process
is repeated until a section of the seam is removed,
forming a room approximately 12.2 m (approxi-
mately 40 ft) long and 6.1 m wide.

By law, roof support is required before continuing
to extend the room’s depth or cutting perpendicular
to the room. Therefore, to allow other equipment to
install roof support, the continuous miner is
trammed (moved) to another location to begin cut-
ting another room. Throughout the mining sequence,
when forming rooms or tramming to another loca-
tion, the machine operator, helpers, crew boss, main-
tenance mechanics and other equipment operators
are put at risk by close proximity to the continuous
miner machine and other hazardous situations asso-
ciated with mining underground coal.

MSHA accident data from 2002 to 2006 indicate
that the coal industry averages 6,407 accidents per
year in underground mines. Of those total accidents
per year, 21% (1,345) involve mobile face equipment,
which includes continuous miners, roof bolters and
haulage vehicles for underground mines; 4% (286)
occurred while operating continuous mining
machines. Unfortunately, in relation to this study,
MSHA accident investigation reports do not contain
sufficient information to aid in studying interactions
between a machine and its operator. Consequently, a
survey consisting of a questionnaire was used to
gather pertinent information about operating a con-
tinuous miner in underground coal mines.

In the past, a continuous mining machine was



operated and controlled by
an operator seated in the
onboard machine cab. New
remote control technology
allows operators more flexi-
bility to position themselves
to better view the work envi- |
ronment. Unfortunately, it
has also allowed operators to
position themselves in haz-
ardous positions.

The use of radio remote
control frees operators from
the onboard cab and allows
them to select any operating
position within their line of
sight. While cutting coal remotely, the operator typi-
cally takes a work position behind and to one side of
the machine behind the last row of roof support. In
high coal seams, where the machine is less of an
obstruction, the operator trams the continuous
miner using a remote control while walking near the
rear of the machine. In low coal seams, the operator
cannot see over the machine from the rear, so s/he
trams the machine using a remote control while
walking near the front of the machine.

However, operators tend to step alongside a
moving continuous miner or beyond the supported
roof for a better view while coal cutting or tram-
ming. Adding to this hazard is restricted work space
with reduced visibility. The work environment in
found in low coal seams of 15.7 cm puts continuous
miner operators and helpers in awkward work pos-
tures for the job, with tasks requiring quick reactions
to avoid being struck by moving equipment.

Research has confirmed that modern mining prac-
tices and new technology have increased the risks
involved in continuous miner machine operation.
Bauer, Steiner and Hamrick (1994) report that the
practice of extended-cut mining has increased opera-
tors” tendency to position themselves in hazardous
Jocations. Additionally, Steiner, Turin and Hamrick
(1994) state that an unforeseen consequence of remote
control technology is that operators can position
themselves in dangerous or hazardous locations
which could result in a fatality or injury from possible
roof falls, mine wall breakouts, pinch-points or other
vehicle traffic. Finally, Lewis (1986) notes that low
lighting conditions and restricted visibility found in
many mines further complicate the tasks involved in
operating equipment such as continuous miners.

The mining industry uses an operator guideline
called red zones to help operators of remote continuous
miners understand and avoid dangerous areas
around the tuming radius of the machine. While the
concept of the red-zone technique, a pictorial go/no-
go chart—developed by MSHA and the Virginia
Department of Mines, Minerals and Energy (MSHA,
2004)—has been around for several years, fatalities
and injuries continue to occur with moving machinery
underground. The red-zone guide only addresses
potential hazardous situations, ignoring the issue of

Photo 1: Operating large mobile equipment such as a continuous miner is one of
the most dangerous jobs that workers perform in underground coal mining.

Figure 1: When underground coal is mined by the
room-and-pillar method, rooms are formed by cut-
ting into the coal bed, leaving a series of pillars or
columns of coal to help support the mine roof and
create passages for the flow of fresh air.

what operators need to see and consequently where to
position themselves in order to perform their jobs.

Human/machine interactions and behaviors
should be considered in equipment design and work
environment layout. After analyzing the data pre-
sented in this article, one can see that the practice of
operators positioning themselves in a hazardous
position in order to see visual attention locations
(VALs) may be a major contributing factor to injuries.

A VAL can be defined as either a discrete point
such as center of the cutting head or a general area
that an operator visually scans such as the mine
rib. Previous studies by Sanders and Kelley (1981)
have provided a baseline of VALs that identified fac-
tors- associated with cab-mounted operation of con-
tinuous miners. However, the information is not
completely applicable to today’s remote control oper-
ation. Approaches to determining operator VALs
were also developed by Cornelius, Steiner and Turin
(1998), who identified operator visual cues in extend-
ed-cut mining based on coal miners” experience.

The purpose of the study described here was to
perfect a method of gathering information on work
positions and VALs needed by operators during the
cutting phase and while the continuous miner trams
to a new location. This study precedes a future in-

Abstract: Underground
coal mine mobile equip-
ment is often operated
in a restricted workspace
with reduced visibility.
This puts machine oper-
ators in awkward pos-
tures for tasks that
require awareness of
their surroundings and
fast reactions to avoid
hazardous situations.
Researchers conducted a
pilot investigation that
developed a method to
gather visual attention
locations and work posi-
tions used by machine
operators while control-
ling the machine.
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vestigation using the developed survey that will rec-
ommend injury prevention interventions based on
the influence of work positions and VALs on the risk

Study Method
The Survey
A pilot survey was used to collect information on

of potential injury.

Table 1

VALs from 12 continuous miner machine operators
with experience ranging from 2 to 30 years at seven
mine sites. A scripted interview technique was
selected as the most efficient method of collecting

Example of Questions

When you take a straight cut from where you are normally located, how

often do you use the following as reference points?

and consolidating this information. The pilot study
was used not only to collect information but also to
judge the effectiveness of the questions in extracting
the desired data.

How often

The survey evolved through a series of discus-

Things you look at

Always | Sometimes

Never

sions by individuals with years of mining research

Edge of the machine on the side
you are on

and continuous miner operator experience. Experi-
enced operators have a wealth of knowledge, skills

Center line of the machine

and abilities regarding machine job tasks, gained
from years on the job. Researchers determined

Back end of the boom

Cutting head bits

which phases of the continuous miner work
sequence should be studied based on a combination

How far the boom swings

of statistical information from MSHA's annual mine

Spray nozzles

accident database, Sanders and Kelley’s research

Haulage vehicle inby bumper

(1981), and job task analyses for machine operators.

Haulage vehicle operator

The survey covered two components of the con-

Floor at the face

tinuous miner work sequence: 1) the cutting phase

Roof at the face

with 15 questions and 2) the tramming phase (move-
ment from one location to another) with 16 questions.

Right edge of drum

Left edge of drum

Each component was field tested at seven mine oper-
ations to evaluate effectiveness of questions and

Center or other point on the drum

value of the data collected. In addition, during the

Ribs on left side of miner

mine visits, researchers arranged to go underground

Ribs on right side of miner

after the interview to observe the operator perform-

Laser beam/spot

ing his job. These observations helped the researchers

Center line of entry

evaluate the data collected during the interview and

validate the responses.

Key Mining Terms

Continuous miner: Mining machine designed to
remove coal from the face and to load that coal into cars or
conveyors.

Cutting: Operation of making openings across a
coal seam.

Cutting drum: Rotating drum with carbide teeth that cuts
the coal from the seam.

Extended cut: Cutting an entry that is more than 20 ft
long without stopping to support the roof.

Face: Exposed surface of a coal or ore deposit in the
working place where mining is proceeding.

Floor: Bottom of a coal seam or any other mineral deposit.

Haulage: System of hauling coal out of a mine (usually
mobile vehicles or conveyor).

High/low coal: Coal seam of 48 in. or more is considered
high; less than 48 in. is considered low.

Pillar: Column of coal or ore left to support the overlying
strata or hanging wall in a mine, generally resulting in a
room-and-pillar array.

Red zone: Area around an operating machine that should
not be entered for safety reasons.

Roof: Rock immediately above a coal seam.

Roof support: System for preventing fall of roof in mines.

30 PROFESSIONAL SAFETY AUGUST 2009 WWW.asse.org

Boreholes usually from 1 to 4 m (3 to 12 ft) long are drilled
upward in the roof, and bolts of 2 to 2.5 cm (% to 1 in.) or
more in diameter are inserted into the holes and anchored at
the top by a split cone, mechanical anchor or resin grout.

Room: Place abutting an entry or airway where coal or
ore has been mined.

Room and pillar: System of mining in which typically
flat-lying beds of coal or ore are mined in rooms separated
by pillars of undisturbed rock left for roof support.

Seam: Stratum or bed of coal or other mineral; generally
applied to large deposits of coal.

Section: Portion of the working area of a mine.

Tram: Moving a self-propelled mobile machine from one
place to another.

Ventilation: Mine workings are usually subdivided to
form several separate ventilating districts. Each district is
given a specified supply of fresh air and is free from contam-
ination by the air of other districts.

Water spray: Wetting of a surface while cutting to reduce
airborne dust.

Note. Originally compiled by the UL.S. Bureau of Mines. Additional defi-
nitions can be obtained at www.infomine.com/dictionary.



An operator must assimilate and process several
VALs and machine feedback cues to safely control a
continuous miner. The survey questions were
designed to provide data not only on what the oper-
ator looks at and from what position, but also on
why an operator uses certain visual cues and
machine feedback cues to make decisions on how to
operate the equipment and select a work location.

For example, questions addressed possible
obstructions such as dust, water spray, light housings
and the glare from light sources that might block the
operator’s view of vital VALs, and the operator was
asked what he would do about these obstructions.
Also, a series of questions dealt with initial work
positions, operator postures and possible deviations
from that initial position during the work sequence
while operating the continuous miner.

Due to the restricted work environment and con-
ditions such as low seam height, the operator may
not always be able to see essential VALs. Experi-
enced operators tend to substitute other cues when
this happens. For example, the cutting drum on the
continuous miner will make a task-specific sound or
vibration, indicating that the machine is cutting into
the roof or floor outside of a coal seam. This does not
mean that the roof and floor become invalid VALs,
but they are blocked from view in this instance.
Because of this, the survey included questions about
the machine feedback cues and how the operator
uses this information to perform the job.

Underground mine configurations and coal
removal plans vary at each mine operation based on
mining preferences, seam height and local geology.
Consequently, the cutting phase to complete a room
can take four separate cuts, two longer cuts or even
one cut if the continuous miner (full-face miner) is
fitted with the cutting appendage wide enough to
accommodate the planned width of the room. The
method of hauling and loading coal is also wide-
ranging, involving such options as continuous
haulage systems, shuttle cars and front-end loaders.

Despite these variations, much of the information
an operator requires in the way of visual cues to
operate the continuous miner is the same. For this
reason and to normalize the data, the survey used
various illustrations that apply to a broad range of
mining operations and mine environments as inter-
view aids. The differences between mining configu-
rations can be divided into three general layouts
based on the type of haulage and width of the cut.

Other differences include a variation in the
sequence of cutting patterns, such as taking the first
cut on the left rather than on the right side of the new
entry. The set of illustrations used at a particular site
was based on a previsit interview with mine man-
agement to determine mining methods and cutting
sequences used at that operation.

In particular, these illustration aids helped to
identify the operator’s work positions and the VALs
specific to an area, a particular spot or other objects
(people and machines) within that operation’s work
environment.

Interview Technique

The data were collected using a scripted inter-
view technique following survey questions as the
outline. The interviews were conducted at the mines
during the shift change in aboveground settings
such as the bath house or maintenance shop, since
operators do not typically have enough time for
interviews while working underground. In addition,
through field trials of the survey, the aboveground
locations proved to be convenient for conducting
multiple interviews and confirmed how relaxed and
focused operators were with their responses.

Each interview lasted about 1 hour and was con-
ducted by two researchers, one who recorded while
the other conducted the interview. The interviewer
acted as a facilitator, so the other researcher record-
ed the responses in detail, because many questions
were designed to lead the operator into comprehen-
sive discussions rather than just a one- or two-word
answer. This two-person approach allowed ample
time to focus the interview and concentrate on
understanding each operator’s rationale in his deci-
sion making to process a lot of information for con-
trolling the continuous miner.

Tailored to reflect the specifics of each mine visit, a
series of colored, 3-D illustrations was prepared as a
visual aid depicting that mine’s sequence of tasks and
underground coal mining equipment. These iltustra-
tions aided in the interview process and recording of
the responses. It was obvious to researchers that the
use of visual aids helped the operators explain where
and why they positioned themselves, and identify
discrete points or general areas they watched while
operating the continuous miner.

In addition, the survey contained tables (such as

Figure 2: Work posi-
tions during cutting
and tramming.
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Table 1, p. 30), listing locations where the operator
might look while controlling the machine and with
what frequency (i.e., always, sometimes, never).
These tables made it easier for operators to formulate
their responses by identifying VALs that they would
use and provided them the opportunity to discuss
probable reasons for their choices. This information
helped researchers determine the importance of the

operators’ choice in their responses associated with
each VAL listed in the tables.

After completing each interview, responses were
examined for possible adjustments to the survey.
The first three interviews led to minor adjustments,
such as rewording a question, changing question
sequence, or modifying contents to clarify a table or
an illustration. The changes were considered effec-

tive when the operators being interviewed no longer
asked for clarification on the questions or had sug-
gestions to make the questions clearer. These adjust-
ments were made for clarity and flow of the
interview and would not have changed responses
from the three previous interviews.

Table 2
VAL Frequency Cutting

When you take a straight cut from where you are normally located, how
often do you use the following as reference points?

) How often Data Analysis

Things you look at Always | Sometimes | Never The data revealed three types of cues an operator
uses to control the machine: visual, audible and tac-
Edge of the machine on the side you 8 1 3 tile. The operator responses indicated that VALs
are on were the most important and that the other cues
Center line of the machine 3 5 g were used as substitutes when visual information
Back end of the boom 8 4 = was obscured or restricted. After an interview had
Cutting head bits 5 4 & been reviewed and analyzed, it was validated by
Haw 189 The Loarcawings 3 2 P observing interviewed operators performing their
jobs. This verified that they were constantly 1) mon-
Spowy nozHies L 3 1 itoring multiple VALs by scanning the work area;
Haulage vehicle inby bumper 1 A 7 2) checking machine feedback during operation; and
Haulage vehicle operator 3 7 2 3) routinely observing the location of other workers
Floor at the face 7 2 3 and equipment in close proximity of the work area.
Roof at the face 11 1 E In addition, it was observed that operator location
Right edge of drum r 8 s could be dynamic, changing as the situation
FAIE ade of 5 - - required. Figure 2 (p. 31) shows the frequency with
: which operators identified specific work positions

Center or other point on the drum 2 8 2 during both the cutting and tramming tasks.
Ribs on left side of miner 3 7 2 The VALs and the work positions that the opera-
Ribs on right side of miner 5 5 2 tors considered vital were consistent from mine to
Laser beam/spot 5 2 5 mine. Table 2 summarizes data collected on visual
Cantor I of antry 9 3 : attention locations for the cutting phase and Table 3

presents data for the tramming phase. VALs are
defined as a general area around the machine, a spe-
cific point on the machine, or a mobile object such as
another person or machine around the continuous
miner machine. Some VALs are machine appendages

When taking a straight cut from where you indicated you normally
position yourself, do any of these things block your view of things you
need to see?

How often associated with a direction of movement such as
Things that block your view up/down, swing left, swing right or swing centered
Al s | Sometimes | Never p 4 & / & 11§ . & )
i . Those VALs around the continuous miner that have
Glare of machine lights = 7 5 movement—such as people and other machine oper-
Machine light housing - 2 10 ators—are defined as mobile to imply the possibility
Spray from nozzles 2 4 6 of moving in any direction. '
TR T 1 1 10 Many VAL:s are the same for both the cutting and
tramming phases, although the reasons for their
Dust 8 3 1 : &P . & \ .
. importance may differ. For example, in the cutting
Ve"t'lat'.on system (response reflects phase, the tail of the continuous miner is watched
both or just one system used) while loading the haulage vehicle with coal. In the
Brattice 2 4 tramming phase, the operator watches the machine’s
Tubin 2 3 tail to avoid hitting the roof when uneven floor caus-
g g
Coal piles on machine 2 6 4 es the machine to undulate or when turning a corner
Bolter operator on miner bolters—not to avoid striking the side of the coal seam. '
il ElRa dan Phis bsidina = 2 6 As expected, the data showed that the line of
sight to VALs plays a major role in the operator’s
D turn the drum off fi . . .
il s - 5 7 decision on where to stand during the job. Ob-
visibility & J

serving operators underground proved to re-
32 PROFESSIONAL SAFETY AUGUST 2009 www.asse.org



searchers that operators tried to select a work posi-
tion which provided the best line of sight to VALs.
However, other factors also seemed to influence
the selection of a work position such as equipment
concerns or mine layout. An example of an equipment
concern is the need to not run over the electrical cable
that supplies power to the continuous miner. A mine
layout example affecting work position is the require-
ment that operators stand close to a source of ventila-
tion which supplies fresh air and removes dust from
the work area. These factors limit which work posi-
tions an operator would use at a particular mine.

Results

An example of results from interview questions
that helped to develop a list of VALs is shown in
Tables 4 (p. 34) and 5 (p. 35). Operators were asked to
indicate how frequently they looked at specific VALs.
Other questions were more subjective, allowing oper-
ators to provide additional information that the sur-
vey had not covered. This combination of questions
allowed for a prioritized list of VALs to be generated.

The data generated can be analyzed by various
techniques with the goal of improving operator safe-
ty. The determination of operator work positions, for
example, can be compared to Figure 3, which repre-
sents injury zones derived from the MSHA accident
injury database. The zones are divided by the type of
injury most likely to occur in that zone.

An example would be injuries in zone B, which
would most likely be the result of a crushing acci-
dent by the tail boom. By comparing the frequency
of injuries in a particular zone with the operator
position frequency, recommendations can be made
on preferred positions.

The data also permit the use of simulation tools to
determine which VALs are blocked from the opera-
tor’s view at any work position at a desired point in
the mining cycle. The results gathered from 12 oper-
ators were used to determine operator positions in a
simulated environment using a digital human model
and simulation software. VALs were represented as
individual points for a VAL that represented a specif-
ic point on the machine, or as a matrix of points for
VALs associated with a general area. By representing
areas as a matrix of points, the percentage of the area
seen or blocked from the operators’ view—from any
perspective—could be determined. The operator
could then be placed in any of the work positions
determined from the data (Figure 4, p. 34).

Figure 5 (p. 34) represents the perspective view
from the digital human’s eyes of what the operator
might see from any position. These perspective
views allowed researchers to analyze the positions
that the operator takes trying to see VALs while oper-
ating the machine. These views helped to reveal how
limited an operator’s field of view can be. The scan-
ning feature of the software allows for an automatic
determination of which VALs are seen or blocked
from any position. This allows a numerical means of
comparing one work position to another, which can
then be compared to the accident injury zones.

To demonstrate, the operator’s field of view

improves on the left cut, but so does the temptation
to move forward for a better view and, consequent-
ly, move underneath unsupported roof—which is
not only illegal, but also unsafe. By comparing the
operator’s view at different positions, insight can be
gained into the VALs the operator needs to control

Table 3
VAL Frequency Tramming

When you tram the miner from where you are normally located, how often
do you use the following as reference points?

How often

Things you look at
RIS Always | Sometimes | Never

Edge of the miner on the side you are on 5 - -
Center line of the miner (paint or laser)
Any edge of the boom

Cutting head bits

Spray nozzles

Floor of the entry

Roof of the entry

Right edge of drum

Left edge of drum

Center or other point on the drum

Ribs on left side of miner

Ribs on right side of miner

Center line of entry

Back end of boom 2

il
3

'
=

WINwWINWARIWIS AN

NIWINIWIN(WIN|P =
'

When you tram the miner from where you are normally position yourself,
do any of these things block your view of things you need to see?

How often
Things that block your view E
Always | Sometimes | Never

Glare of machine lights - 3 2
Machine light housing - - 5
Spray from nozzles - 1 4
Dust - 1 4
Ventilation system

Brattice - 2 1

Tubing - 1 2
Coal piles on machine 1 4
Other machines 2 -
Other people 2 3 -

Figure 3:
Operator injury
zones derived
from MSHA's
injury data-
base. The
zones are
divided by the
type of injury
most likely to
occur in that
zone.
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Table 4

Most Important VALs Cutting

Direction of

VAL Area/spot/object} srrahhent
Last row of bolts area -
Center line of entry area -
Center line of machine area

Rib right side area -

Rib left side area -
Edge of machine right side area -
Edge of machine left side area -
Top of drum at center area up/down
Bottom of drum at center area up/down
Right edge of drum spot up/down
Left edge of drum spot up/down
Roof at right edge of drum spot -
Roof at left edge of drum spot -
Floor at right edge of drum spot -
Floor at left edge of drum spot -
Center line of machine at drum spot -
End of tail boom spot |eft/risgwhicr/]§enter
Roof at tail boom spot -
Floor at tail boom spot -
Cut depth mark added to

machine i K
Haulf‘-xge machine (shuttle car, ohjecs aohilad
mobile bridge)

Operator of shuttle 5 :
caﬁ/bridge/ram car eljecy IRBh{a
Face boss object mobile

¥ Area: specific area around the machine; spot: specific point on the
machine; person: another worker around the machine.
0 Mobile VAL is located near the continuous miner machine and moving in

any direction.

Figure 4: The
data gathered
permit the use

of simulation
tools to deter-

mine which VALs
are blocked from
the operator's |
view at any |
work position at |,
a desired point
in the mining
cycle.
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Figure 5: Operator’s eye view, which allows the
researchers to analyze the positions that the miner
takes trying to see VALs while operating the machine.

the machine safely as well as positions where the
operator could be at greater risk.

This information helped researchers to determine
the importance of the operators’ positions in their
responses associated with each job task. Additionally,
the information indicated the importance of the oper-
ators’ choices in their responses associated with each
of the VALs listed in the tables. Furthermore, it pro-
vided the operator the opportunity to discuss proba-
ble reasons for the choices made.

Discussion

The results of this pilot study showed that the
method of data collection and analysis successfully
identifies the work positions and the quality of infor-
mation available to a continuous miner operator to
control the machine safely. With the help of research
tools such as computer models and simulations to
evaluate visual data, the results of this article reveal
that knowing the work positions and visual needs of
operators in performing their job has the potential to
improve both equipment design and machine oper-
ating practices. Additionally, Mason, Rhodes and
Best (1979) report that the use of the operators’ spe-
cific locations and visual perspectives as a training
tool could help operators make better decisions on
safe work position.

A 3-year study using the developed interview is
currently underway to provide an in-depth exami-
nation of the VALs, operator positions and machine
feedback cues that operators use for controlling a
continuous miner. A larger number of interviews (70
to 100) are planned at mine operations throughout
the US. to analyze the VALs, work positions and
their relative importance to the machine operator.

Ranking the VALs will allow improved evalua-
tions of each job phase for all mining configurations;
however, a larger database is needed to do this. A
larger database must have a better representation of
operators and mining methods from a cross-section of
underground mine operations in both eastern and
western states. Additionally, the complex relation-
ships between visual locations must be defined. For
example, an operator on the right side of the machine
might be able to imagine the VALs on the left side of
the cutting drum if the right side of the drum is visi-



ble. Also, with a larger and
more diversified database, com-
paring work positions and nec-
essary VALs to injury data will
be investigated. How these
relationships apply in different
situations, the operators’ de-
pendence on them, and poten-
tial control interventions
adapted to machines to enhance
VALs and optimize operator
positions will be explored.

Results indicate that the sur-
vey and underground observa-
tions were a good combination
and technique to develop a
database of important visual
cues and locations an operator
can see from a given work
position and posture. Analysis
techniques that determine
which VALs an operator sees
from a variety of positions in a
computer simulation is shown
to be potentially useful to the
mining industry for design of
work practices and section lay-
out, and could impact equip-
ment design or selection
for improved worker safety
through training. Based on the
promising results of this study,
an in-depth examination of
operator cues and positioning
Is underway. ®
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