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The views and conclusions contained in this document are those of
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the official policies or recommendations of the Interior Department's
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FOREWORD

This report was prepared by The Bendix Corporation, Guidance Systems
Division, Denver, Colorado under USBM Contract Number H0242046. The
contract was initiated under the Coal Mine Health and Safety Program.
It was administered under the technical direction of the Pittsburgh
Mining and Safety Research Center with Mr. William Wiehagen acting

as the Technical Project Officer. Mr. R. J. Simonich was the Contract
Administrator for the Bureau of Mines.

This report is a summary of the work completed under the contract; the
work was done during the period July 1974 to June 1975.

The principal investigators were Herman Ankenbruck, Sanford Blackman,
Hanns Billmayer, William Hargreaves, and Michael Perlman. Mr. George
Judy of George L. Judy Associates, acting as consultant, provided
specific expertise in mining practices, equipment, and procedures.
Valuable recommendations and accident statistical data were provided
by the Mining Enforcement and Safety Administration, Safety Analysis
Center. Significant contributions were made by the management, miners,
and safety personnel of the mines visited.
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1. SUMMARY

Analyses of statistical data indicate that haulage accidents
are one of the largest sources of injuries and fatalities in under-
ground coal mines, and that the rate of accidents in transportation
has been increasing during the past few years. These previous
analyses were performed by correlating accident or fatality data
at a rather high level of miner activity. 1In this present investi-
gation, underground surveys were made by observing conditions and
activities in some detail at a rather low level of activity in an
attempt to understand factors contributing to hazards in the specific
situations observed. The aim of the current study was to derive
preventive measures that might obviate the hazardous conditions
and unsafe acts observed; and, following this, to provide recommen-
dations for additional research and development to reduce accident
potential in underground transportation.

The major project tasks are diagrammed together with the task
outputs in figure 1-1. Initially, a preliminary study of all under-
ground haulage operations was performed in order to establish the
kinds of data needed and to provide the rationale leading to the
data requirement. At the same time, the various types of haulage
equipment used for each operation were defined. A preliminary
analysis of each type of haulage operation was performed in order
to establish the sequence of tasks required to operate haulage
equipment. These tasks were transferred directly onto observation
forms, and were used in developing interview forms. In parallel
with the task analysis, a review was made of accidents and hazards
that might occur during each type of operation.

In-mine surveys were made in 35 underground coal mines in 10
different coal seams that were believed to be representative of
U.S. mines. Operations were observed in all areas of underground
transportation, including about 90 sections. At each mine, inter-
views were held with mine personnel in order to obtain basic data
and to provide information on operations that were difficult to
observe.

The survey data were analyzed and correlated from mine to mine
in order to establish which hazards were prevalent in the 35 mines
surveyed, Following this, actual 1974 accident reports for those
same mines were perused in order to establish correlation with the
hazard observations. The results of this correlation are summarized
in table 1-1, which lists those observed factors that may have
contributed to the reported accidents in those mines. Following an
analysis of the manner in which each observed hazard may contribute
to each type of accident,preventive measures that might alleviate
each hazard were conceived. A summary of these recommended pre-
ventive measures is presented in table 1-2.



DEFINITION OF DATA
ELEMENT REQUIREMENTS

!

PRELIMINARY
TASK ANALYSIS

(—

IN-MINE SURVEYS
(35 MINES)

—

SURVEY DATA
CORRELATION

(—

HAZARDS EFFECTS
CORRELATION

(=

ACCIDENT PREVENTION
ANALYSTIS

—

ANALYSIS OF USBM
RESEARCH PROGRAMS

—

RECOMMENDATIONS

Figure 1-1.

BASIC DATA ELEMENTS REQUIRED
EQUIPMENT CATEGORIES

OBSERVATION FORMS

INTERVIEW FORMS

OBSERVATION RESULTS

INTERVIEW RESULTS

PREVALENT '"'HAZARDOUS CONDITIONS®
AND "UNSAFE ACTS"

POTENTIAL ACCIDENTS RESULTING FROM
HAZARDS, CORRELATED BY LOST TIME
FOR 1974

POTENTIAL SPECIFIC CAUSES

CANDIDATE PRBVENTIVE MEASURES

® APPLICATION OF USBM PROGRAMS

SUGGESTIONS FOR ADDITIONAL R&D

Project Summary



Table 1-1.

Prevalent Observed Factors Apparently Contributing to

Serious Accidents During 1974 in the 35 Mines Surveyed

FAULT HAULAGE 1
CLASSIFICATION FACTORS CONTRIBUTING TO HAZARDS CATEGORY n
E

N
\ Restricted Overhead Clearance Trackless 15/106
T Abrupt Change of Overhead Clearance Track 15/72
R Hanging Roof Bolts Track 26/70
0 Uneven Sidling Wet Floor Trackless 35/106
N Insufficient Illumination Trackless 1/92
M Insufficient Illumination at Transfer Points Track 18/72
E Lack of Illumination at Transfer Points Belt 23/54
N Noise Resulting in Poor Communications Trackless 53/95
T
A
L
P Lack of Side Clearance Belt 13/71
L Poor Maintenance of Track Gauge, Alignment, Ballast, and Roadway Drainage Track 28/73
A View Obstructed by Brattice Trackless 58/101
N Lack of Traffic Control Track 10/27
N Communication Media Poor Track 28/43
1 Defective Equipment (Maintenance) - Brakes, Lights, Bell, Steering, Tramming Control Trackless 68/160
N Defective Equipment (Maintenance) - Brakes, Lights, Bell, Controller, Sander, Skids, etc. Track 22/73
G Defective/Misaligned Switch or Position Indicator Track 14/71
Poor Design or Location of Controls Track 5/66
Trackless 38/165
E Lack of Adequate Emergency Stop Devices - Entire Length of Mantrip Belt 9/40
qQ Lack of Warning Signs/Safety Interlocks to Prevent "Turn-On' While Working on Belt Belt 60/65
u Lack of "Start" Warning Devices Belt 66/66
1 Lack of Warning Device Where Hazard to Personnel Exists at Mine Car Loading Points Transfer Point 30/37
P Inadequate or No Panic Bars Trackless 94/132
M Lack of Adequate Guards at Drive Pulleys Belt 3/63
E Poor Driver Visibility Trackless 64/159
N Lack of, or Poor Design of, Canopies Trackless 91/169
T Insufficient Lighting on Vehicles Trackless 20/147
No Windshield or Cab on Locomotive Track 51/68
Lack of/Defective Automatic Couplers Track 8/54
Inadequate Decouplers/Going Between Cars Track 20/54
Failure to Give Warning Before Spotting Mine Car Track 30/37
Working On or Too Close to Moving Belt or Unguarded Pulley Belt 11/64
Failure to Wear Eye Protection Belt 16/49
Track 27/70
Items Protruding From Equipment Trackless 8/148
U Does Not Use Lever, Steps Between Cars to Couple/Uncouple Track 12/45
N Not Remaining Seated (Standing to Replace Trolley Pole) Track 20/70
S Excessive Speed for Circumstances Track 6/74
A Trackless 16/144
¥ Not Using Proper Rerailing Device Track 8/40
E Not Facing Direction of Travel Trackless 13/120
Inexperienced or Unfamiliar Operator Trackless 18/148
Riding In Unsafe Position, Standing Trackless 35/143
A Not Sounding Bell at Start, Before Curtains, or Before Turning Trackless 134/146
c Headlights Not on While Tramming Trackless 17/142
T Not Shutting Down, Setting Brakes, Blocking a Parked Vehicle Trackless 7/112
s Not Checking Equipment (Pre-Shift) Trackless 14/124
Not Observing Caution Passing Thru Brattice Trackless 20/119
Poor Cable Control Trackless 10/106
Loading Coal Too High - Visibility Trackless 37/131
Getting On or Off Moving Conveyors Belt 5/11
NOTES: In = Normalized Incidence Rate = Incidence of Observed Hazardous Conditions or Unsafe Acts * Total Number of Unit Observations.



Table 1-2.

Summary of Recommended Preventive Measures

OPERATOR COMPARTMENT AND CONTROLS

Standardize and optimize operator's compartment
(human engineering) (TRACKLESS, TRACK).

Proportional tramming control (TRACKLESS).

Attenuation of steering torque feedback (e.g., modi-
fied power steering) (TRACKLESS).

Adjustable seat (TRACKLESS).
Slow-rise shock absorbers on vehicle seats (TRACKLESS).

Automatic speed limiting devices (that apply emergency
brake above set speed) (TRACK).

Provide convenient on-off switch location that can be
actuated from riding position on belt (BELT-MANTRIP).

Key-locking switch to prevent energizing belt drives
during maintenance (BELT).

Closed circuit TV monitoring for closer supervision
(BELT) .

Electromagnetic obstacle detector (TRACKLESS, TRACK).

REMOTE/AUTOMATIC CONTROLS

Automatic control of track vehicles (TRACK).
Central remote control of track vehicles (TRACK).

In mines employing a dispatcher, switch-position
indicators on dispatcher display (TRACK).

In mines employing a dispatcher, install dispatcher
displays of vehicle velocity and locations (TRACK).

Automatic or remote control decoupling (i.e., operated
from motor) (TRACK).

Automatic couplers with self-centering devices (TRACK).

More positive decoupling device that holds coupler
open until car separation (e.g., detent) (TRACK).

CONTINUOUS HAULAGE

Substitute continuous conveyor haulage for shuttle
cars (TRACKLESS).

BRAKES AND PANIC BARS

Automatic, fail-safe emergency/parking brake (sets
when vehicle power is removed from tram motor, when
actuated by panic bar, or when any component of
service brake fails) (TRACKLESS, TRACK).

"Dead man" controls tied to automatic brakes
(TRACKLESS, TRACK).

Positive, mechanical parking brake separate from
service brake (TRACKLESS, TRACK).

Interlock drive motors with brake line pressure to
prevent operation with '"low' brakes (TRACKLESS, TRACK).

BRAKES AND PANIC BARS (Continued)

Improved parking brake indicator (e.g., via brake sur~
face forces) to give positive indication of FULL-ON
condition (TRACKLESS, TRACK).

Panic bar design and installation guidelines for each
model of equipment, for use by mine shops in retro-

fitting vehicles (TRACKLESS).

PROTECTIVE CANOPIES

Design (or redesign) canopies for optimal visibility
and/or egress (TRACKLESS).

Design and installation guidelines for each model of
equipment, for use by mine shops in retrofitting
vehicles (TRACKLESS).

Canopies or full cab enclosures to restrict body
projection (TRACK).

Design and installation guidelines for cabs and wind-
shields on operationai track equipment for use by
manufacturers and mine shops in retrofitting vehicles
(TRACK) .

ILLUMINATION AND VISION AIDS

Diffused area illumination of haulageways to improve
driver cues and reduce hazard reaction times
(TRACKLESS) .

High intensity diffused headlamps (new lens design)
(TRACKLESS) .

Two reliable headlamps and side lights or reflectors
on each end of vehicle (TRACKLESS).

Interlock headlights with tramming direction control
(TRACKLESS) .

Lights that may be dimmed but turned off only when
machine power is removed (TRACKLESS).

Keep headlamps clean (TRACKLESS).

Portable task lights and area lights (TRACK,
TRACKLESS) .

Standard color marker lights for use on parked vehicles
(TRACKLESS).

Provide parked trips with end reflectors (TRACK).

Reflective paint and/or tape with colors for different
functions (GENERAL).

Reflective clothing for all mine personnel (GENERAL).

Reflective paint on low roof and obstructions
(TRACKLESS) .

Reflective paint for temporary marking of hanging bolts
until bolt removed/replaced (TRACKLESS, TRACK).

Flexible warning sign hanging at same height as
obstructions (TRACK).




Table 1-2. Summary of Recommended Preventive Measures (Concluded)

ILLUMINATION AND VISION AIDS (Continued)

Adequate means of marking roof to indicate shuttle car
route with best clearance (TRACKLESS).

Designate entries/crosscuts being used for shuttle cars

run by operator placement of portable markers, (e.g.,
reflective cones) (TRACKLESS).

Substitute lower profile machine (TRACKLESS).

Locate operator near boom end of shuttle car
(TRACKLESS) .

Control loading height of coal to improve operator's
opposite side view (TRACKLESS).

Fold down sideboards (TRACKLESS).

Double-split ventilation to reduce number of curtains
in haulageways (TRACKLESS).

Transparent brattice to improve visibility (TRACKLESS).

NOISE CONTROL

Reduce machine noises (through isolation, insulation,
and redesign) (GENERAL).

Discriminating electronic ear muffs (GENERAL).

COMMUNICATTONS

Area-wide communication between vehicles and all
miners in same area (GENERAL).

Short range line-of-sight transceivers between fore-
man, loader/continuous miner operator, and shuttle car
drivers (GENERAL).

Reduce noise in trolley phone system by conventional
noise reduction design techniques (TRACK).

Reliable voice communication between brakeman and
motorman (TRACK).

Additional communication along belt (BELT).

"Hands-free" type of communication system (TRACK).

MATNTENANCE

Built—-in test equipment for improved machine preshift
checks (i.e., hydraulic pressure, cable faults) and
trouble diagnosis (possibly programmed) (TRACKLESS).

Variable cable tension or feedback devices to minimize
whip and tension (SHUTTLE CAR).

Quick disconnect trailing cable connectors with safety
interlocks (TRACKLESS).

Improved roadway maintenance, leveling, and drainage
(TRACKLESS).

Drag-bar on rear of shuttle car to aid in road
leveling and filling (TRACKLESS).

Greater use of dewatering wells, sump holes and/or
drainage ditches (TRACK).

MAINTENANCE (Continued)

Preshift machine check list signed and submitted to
foreman (TRACKLESS, TRACK).

Scheduled preventive maintenance and improved overall
maintenance prrocedures with strict user written
feedback (GENFRAL).

Separate standards of rail and track bed quality for
coal and non-coal usages, and methods of testing to
standards (TRACK).

WARNING

Automatic warning devices interlocked with tram levers
and seats on shuttle cars.

Relocate warning sound sources to reduce annoyance to
operator (TRACKLESS).

Time-delay actuator in porta~feeder to give audible
warning before equipment moves (TRACK).

Signs or warning devices of environmental hazards
(flashing lights, reflectors, etc.) (TRACK).

Time~delay circuit and warning in belt drive switch
(BELT) .

MISCELLANEOUS

Improyved material handling procedures and techniques
(TRACKLESS, TRACK, BELT).

More intensive safety education and job training
programs (including wmulti-job training) (GENERAL).

More effective enforcement of regulations and/or
closer supervision (GENERAL).

Alternative tire designs to improve traction under
differing bottom conditions (TRACKLESS).

Substitute battery or diesel vehicles (TRACKLESS).
Modify roof control locally, where belt side clearance
is limited, to allow wider entries (arches, bolts)
(BELT) .

Keep work areas free of debris (GENERAL).

Use proven/proper tools (GENERAL).

Optimal design for safety glasses or flip-up shield to
provide protection and allow for use of corrective
prescription (GENERAL).

Mobile (and fixed) equipment specifically designed for
lifting and moving heavy components in the limited
space of coal mines (GENERAL).

Remotely controlled trolley pole placement (TRACK).
Replace trolley pole with pantograph design having
wide capture span and limited pole freedom, to

obviate pole direction reversing, and reduce hand

manipulation (TRACK).

More positive switch-position sensors (TRACK).




The postulated preventive measures were related to known USBM
programs containing developments pertinent to reduction of haulage
hazards. The application of these programs was noted; and a summary
was prepared outlining some of the suggestions for additional research
and development that might be undertaken or continued. This summary
is presented as table 1-3.



Table 1-3. Summary of Suggestions for Additional Research and Development

OPERATOR COMPARTMENT AND CONTROLS T

Develop and demonstrate standardized operator compartments and controls for various track and trackless vehicles.

Develop and demonstrate a system for interlocking drive motors with brake line pressure on trackless vehicles to
prevent operation with low brakes.

Develop and demonstrate a retrofit installation of an adjustable seat for trackless face vehicles used in moderately
low coal.

Design and evaluate the use of an optimized shuttle car seat equipped with slow-rise shock absorbers.

Develop and demonstrate the use of a key-locking switch to prevent energizing belt drives during maintenance.

AUTOMATIC PILOTS

Continue development of electromagnetic obstacle detectors for use where visibility is limited.

REMOTE/AUTOMATIC CONTROLS

Develop and demonstrate an instrumentation system that will display track vehicle locations and speeds to a dispatcher.
Continue design and development of automatic and remote control concepts for tracked vehicles.
Continue development of remote controls for coupling, decoupling, and parking of mine cars. -

Design and demonstrate a simple mechanism for holding automatic couplers open until mine cars separate.

WCONTINUOUS HAULAGE

Develop and demonstrate instrumentation systems for automatically controlling continuous face haulage conveyors,

BRAKES AND PANIC BARS

Continue design and development of automatic brakes and "dead-man' controls for trackless and track vehicles.

Develop and demonstrate an improved parking brake indicator that will give a positive indication of FULL-ON condition
for both track and trackless vehicles.

PROTECTIVE CANOPIES

Continue development of canopy concepts for low coal haulage machines, perhaps exploring alternatives to complete
overhead coverage.

Consider an analytical-design study to determine if full cab enclosures offer a viable alternative to canopies in
view of the need for two routes of egress.

Provide simple design and installation guidelines for each model of trackless and track equipment, for use by mine
shops in retrofitting vehicles.

ILLUMINATION AND VISION AIDS

Provide for new headlight lens designs for trackless face haulage vehicles. Design should provide diffuse light
up and to the side.

Investigate a configuration of headlights and low intensity side lights that will make face haulage vehicles more
visible to other miners in the vicinity.

Demonstrate a system that would automatically switch headlights when tram control direction is changed.




Table 1-3. Summary of Suggestions for Additional Research and Development (Concluded)

NOISE CONTROL
Continue current efforts to reduce machine noise.

Improve electronic ear muffs to provide a better fit and eliminate sound distortion.

COMMUNICATIONS
Define the potential gains frow using short-range line-of-sight communications between personnel in a working section.

Develop methods of reducing noise in trolley phones.

MATNTENANGE

Develop and demonstrate the use of built-in test equipment to display hydraulic system and electrical system faults
on a shuttle car.

Develop rail and track bed design standards for light rails used for mantrips and supply, separate from main line
coal haulage standards.

Analyze and evaluate haulage equipment maintenance procedures used in current coal mines. Develop a sample
generalized scheduled/preventive system to aid operators and to be used in conjunction with MESA training.

WARNING
Develop and demonstrate automatic warning devices interlocked with tram levers and seats on a shuttle car.

3 Develop and demonstrate time delay/warning actuators for porta-feeders and belts.

MISCELLANEOUS

Fault-tree analysis of haulage mining functions to highlight hazards of each activity, in conjunction with develop-
ment of MESA training courses.

Tire and tread designs specifically for underground coal mine haulage vehicles.

Human factors study to establish optimal configurations for safety glasses or flip-up shields.

Develop methods of remotely controlling trolley poles from the operator's normal position. An attractive alternative
would be the development of a pantograph concept with a wide wire-capture span that would not have to be reversed for

direction changes.

Demonstrate the utility of proximity switches to indicate track switch position.

1-8



2. INTRODUCTION

Coal mining productivity in terms of coal mined per man-day
increased by 80 percent between 1956 and 1966. During that time
span the fatality frequency rate in terms of tons of coal produced
declined appreciably. The frequency rate in terms of man-hours of
exposure decreased, but to a lesser extent. The trend of the trans-
portation fatality rate, rather than showing a decrease, persisted,
and actually showed a slight increase based on man-hours of exposure.
The specific causes of this rising trend had not been determined
through analyses correlation and interpretation of existing acci-
dent data records. Many of the interrelations and distributions
had been analyzed, but the hazards associated with each task and
element of the various haulage systems had not been identified.

It was believed that an in—-depth investigation and analysis
of underground haulage hazards, based on an underground survey of
a sufficiently large sample of mines, mine sections, and coal seams,
would provide a representative and complete model of haulage systems,
equipment, and processes currently being used. It was intended that
the survey and analysis would result in recommendations for equip-
ment changes, procedural changes, and additional education and train-
ing programs.

As suggested in figure 2-1, the objective of this effort was to
point the way to reducing accident potential in underground trans-—
portation by improving the interfaces between machine operators,
other miners, haulage equipment, and the environment. To this end,
two major tasks were undertaken:

a. Determine the cause of the rising trend in accidents re-
lated to underground transportation. In-mine surveys were
made by direct observation in 35 underground coal mines,

about one-half of which were under 50-inch seam height. 1In
these surveys, approximately 1 week was spent in each mine
observing all kinds of transportation and interviewing mine
personnel. In the context of the present study, haulage in-
cludes any equipment or system that moves coal, supplies, or
men between the face area to the surface. It does not include
removal of coal from the seam nor surface operations. The
general concept was to rely mainly on personal observation,
and to obtain from interviews only information that was diffi-
cult . or impossible to observe first hand during the visit.
Past experience and statistics for each mine were used to
guide the survey teams toward observation of the most criti~
cal operations.
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b. Recommend methods of reducing accidents by changes in
equipment, and, to a lesser extent, by more fundamental
changes in the overall mine operations, increased training
and motivation, and perhaps propose changes in regulations.
Again, the concept was mainly to evaluate solutions of prob-
lems where the survey team had first-hand knowledge of a
real situation, even if this meant missing some less obvious
factors. Thus it was hoped that specific solutions to prob-
lems could be identified, rather than provide generalities
or speculation about situations not actually seen by the
research team. It is to be noted, however, that this was
not a detailed design study, but an analysis of the more
critical problems of a broad range of transportation opera-
tions and equipment types.

The study took place between July 1974 and May 1975, and con-
sisted of four phases. In phase I, the data requirements were de-
fined. This included establishing the data elements requirements
and the rationale for their selection, haulage task analysis, selec-
tion of candidate mines, and in-mine demonstration of the survey
techniques to be used. Phase II included underground observations
of all kinds of transportation and interviews with mine personnel.
In phase III, the survey results were analyzed along with a review
of current USBM research programs that might have been applicable
to solving observed problems. In phase IV, recommendations were
made for improving the operational interfaces as outlined in the
paragraphs ahead. A brief discussion of each of these phases is
contained in following sections in this report.

The personnel selected for this investigation had varied ex-
perience in system analysis, industrial engineering, electrical and
mechanical engineering, mining, and psychology. In order to gain
the most from the experience of each: researcher, the same personnel
took part in all phases of the project.

The Technical Project Officer for this investigation was William
Wiehagen of the U.S. Bureau of Mines, Pittsburgh Mining and Safety
Research Center, who provided valuable guidance throughout. Per-
sonnel of the Mining Enforcement and Safety Administration, Safety
Analysis Center, also contributed considerable assistance in comment-
ing on the study approach, providing accident statistics, and evalu-
ating recommendations. Mr. George Judy of George L. Judy Associates,
acting as consultant, provided specific expertise in mining practices,
equipment, and procedures. Special thanks are due the management,
miners, and safety personnel of some 35 mines, without whose excel-
lent cooperation the study would not have been possible. We trust
that this and similar investigations will return dividends on their
investment.
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3. PRELTMINARY ANALYSIS

In order to lay a foundation for the survey and subsequent anal-
ysis, it was necessary to define the kinds of data needed and to
conceive the underground haulage operations in some detail. The
preliminary analysis briefly encompassed the total scope of the pro-
ject with emphasis on preparing forms for observations and interviews.

3.1 Data Requirements - A summary of the basic data required
from the survey is listed in table 3-1 together with a brief state-
ment of the rationale leading to the requirement. It was believed
that if the researchers could obtain even reliable qualitative in-
formation on all of the "requirements" in table 3-1, an adequate
basis would be laid for the subsequent analysis. (As it turned out
during the surveys, information on regulations, procedures, mainte-
nance, and training effectiveness was difficult to obtain and eval-
uate, often because formal records were not available in summary
form, and sometimes (e.g., training) the subject was too complex to
cover adequately in the time available.)

Some of the data desired was available from published informa-
tion on the mines selected and was updated during interviews with
mine personnel. (A list of the types of questions asked of mine
personnel is given in table 3-2.) 1In order to provide a vehicle
for obtaining consistent data from all mines, structured interview
forms were prepared.

3.2 Preliminary Task Analysis - In preparation for the survey
and to obtain a preview of each type of haulage equipment and the
operation, a task analysis to a moderate level of detail was made.
Table 3-3 contains a list of the basic equipment categories con-
sidered. The analysis and subsequent survey included underground
haulage and transportation operations from the outby loader inter-
face to the mine portal. It did not consider removal of coal from
the seam nor operations aboveground, except where these were in-
tegral with underground haulage. Although the emphasis was on coal
haulage, the transportation of personnel, supplies, and equipment
was included. A simplified diagram of a typical haulage operation
is sketched in figure 3-1. The task analyses were transformed di-
rectly onto observation forms, one page of which is shown in figure
3-2. 1In parallel with the operation task analysis, a review was
made of all accidents that might occur during each type of operation.
Figure 3-3 contains a suggestion of this kind of preparation, but at
a high level of activity. This concept was carried down to the de-
tailed task level, listing potential "hazardous conditions" and
"unsafe acts" that might occur in conjunction with each task. Thus
the surveyors were prepared ahead of time to observe those activities
that were most conducive to accidents, and also knew what kind of
problems to look for. During interviews with mine safety officials,
these preconceptions were reviewed for each particular mine before
observation began.
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Table 3-1. Data Element Requirements

MINE NUMBER, LOCATION, SEAM, AND DISTRICT: Fundamental data.
HAULAGE TYPES FOR COAL, SUPPLIES, PERSONNEL: Fundamental to study.

TASK BREAKDOWN: Provided a preview and detailed understanding of
activities in each haulage operation. Provided a format for
observation. Updated during survey.

HAZARD-CRITICAL POINTS: These were the places in the operation
where accidents were deemed likely to happen, Provided a
guide for observers to take data meaningful to the study.

OBSERVED HAZARDOUS CONDITIONS: These were the actual conditions
of equipment, mine, or environment observed by the surveyors
while underground or obtained during interviews. Basic
survey outputs.

OBSERVED UNSAFE ACTS: These were actual acts observed that were
judged to be unsafe, whether or not they were a clear viola-
tion of the Code of Federal Regulations, Title 30, Part 75.
Basic survey outputs.

RECENT ACCIDENT STATISTICS: Recent accident types, severity, and
causes (if available) of all lost—time accidents for each
mine visited. Possible correlation parameters.

VICTIM AND WITNESS BACKGROUND AND COMMENTS: First-hand accounts
of the most recent lost-time accidents in each mine not
possible for researchers to observe.

PLACE DIMENSIONS: Affect accident potential directly or indirectly.
Affect maneuvering spaces, parking space, safety zones, visi-
bility, head room, safe speed, etc.

GENERAL RIB CONDITIONS: Modify place dimension information., May
contribute indirectly to haulage related hazards.

GENERAL BOTTOM CONDITIONS: Affect accident potential, ability to
control machines, electrical hazards, safe speed, traction,
footing, etc.

GENERAL TOP CONDITIONS: May contribute indirectly to haulage re—
lated accidents.




Table 3-1. Data Element Requirements (Concluded)

SPECTAL SAFETY FEATURES ON EQUIPMENT: May affect hazardous condi-
tions; part of basic survey output.

MINE PLAN AND VENTILATION SYSTEM: Fundamental mine characteristics
that may influence haulage type, routing, and operations.

MINING METHOD: May affect haulage operation, interfaces, number
of activities, routes, etc.

PRODUCTION RATES: Indication of mine size and overall efficiency
of operation. Possible correlation parameter.

SAFETY REGULATIONS AND PROCEDURES: Degree of formality and com-
pliance may affect incidence of unsafe acts,

JOB PROCEDURES: Degree of formality in training, verifying and
updating procedures may give a general indication of manage-
ment control and motivation to improve all phases of mine
operation, including safety.

TRAINING: The depth and types of training for equipment operation
and safety may find correlation with unsafe acts, and hazard-
ous conditions to a lesser degree.

MAINTENANCE SCHEDULES BY TYPE: The degree of formality may affect
data on hazardous conditions.

AVERAGE DOWN TIME FOR HAULAGE EQUIPMENT: Indication of maintenance
efficiency.

EXPERIENCE LEVEL OF MINERS AND FOREMEN: May affect data on unsafe
acts., Possible correlation parameter.
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4. IN-MINE SURVEYS

4.1 Seams and MESA Districts Visited — Table 4-1 contains a
summary of the MESA districts and coal seams visited. A total of
35 mines were included in the survey. It may be noted that about
one—half of the survey was conducted in mines with heights of 50
inches or less. 1In general, it is believed that these mines repre-
sent a fairly good cross section of coal mines in the U.S. in terms
of mine plans, mine systems, and environmental conditions. While
most of the sections visited used room—and-pillar mining, three
used the shortwall mining method.

4,2 Equipment Categories Observed — In making the selection
of the specific mines to include in the survey, an attempt was made
to observe all of the types of haulage currently being used in the
U.S. Table 4-2 contains a list of the kinds of haulage equipment
used for transporting coal, men, supplies, and equipment.

4.3 Survey Approach — The survey at each mine consisted of
approximately 1 week, divided into three major parts: dinitial
meeting with key personnel, observations of haulage operations,
and interviews with mine personnel. The initial meeting served
three purposes: 1) to explain and coordinate our visit, 2) to
gain familiarity with the mine, and 3) to choose the "hazard-
critical" points for observation. During these interviews with
management and safety personnel, an attempt was made to obtain
data on mine accident history for the previous 2 or 3 years,
whether the accidents resulted in lost time or not. In a few
cases, convenient summary data were available, but for the most
part only qualitative information was obtained.

During the underground observations, the task analyses were
completed and updated to reflect the actual activities that took
place. Observed "hazardous conditions" or '"unsafe acts" were
noted in the appropriate colummns on the forms. Usually, each
operation was observed several times, often from different ob-
server locations. The intent was to spend sufficient time ob-
serving each "hazard critical" operation so as to understand the
problems of the operator and to assess those factors that might
contribute to accidents. In addition, interviews were held with
most haulage equipment operators to obtain their views on the prob-
lems and factors contributing to accidents, some of which, of course,
were not observable. Where possible and permitted, the observer
would ride with the trip. Most of these were on main haulage runs
and man trips. In some cases it was possible only to watch the
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Table

4~1, Survey Mines and Seams

‘ SEAM
L MESA NO. OF
SEAMS ., HEIGHT
DISTRICT MINES (INCHES)

! Lower Kittanning 3 42-54

2 Pittsburgh 3 68-78

Lower Freeport (D) 2 40-42

3 Pittsburgh 2 72-76

Sewell 4 27-42

4 Pocahontas No. 3 3 37-72
Pocahontas No. 6 1 60

g 5 Taggert No. 5 4 42-50
Middle Coalburg 1 84

6 Elkhorn No. 3 1 42~44
Elkhorn No. 9 1 60

8 Herrin No. 6 5 72-80

I1linois No. 5 2 50-54
3 Lower Sunnyside 1 60
} 9 Upper Sunnyside 1 50
- Colorado (B) 1 84




J

Table 4-2, Equipment Categories Observed

HAULAGE CATEGORY

APPROXIMATE NUMBER OF
UNIT OPERATIONS OBSERVED

TRACKLESS
Shuttle Car (Cable)
Teletram (Diesel)
Tractor-Trailer (Battery)
Tractor-Scoop (Battery)
Tractor-Scoop (Diesel)
Personnel/Supply (Battery)
Personnel/Supply (Diesel)

TRACK
Main Line (Trolley)
Secondary (Trolley)
Secondary (Battery)
Supply (Trolley)
Supply (Battery)
Personnel (Trolley)
Personnel (Battery)

CONVEYORS
Main and Secondary (Belt)
Feeders (Chain)
Continuous Face (Belt)
Continuous Face (Flex Belt)
Continuous Face (Chain)
Used for Personnel/Supplies

TRANSFER
Rotary Dump
Drop-Bottom Dump
Side Dump
Car Spotters
Transfer Bins

HOIST
Elevators
Cages
Slope
Skip

132

NNV L

10

37
44

18
10
13
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start and end of an operation or to observe activities only at dis-
crete points. For example, long conveyors were observed at the load-
ing points, transfer points where one conveyor loads onto another or
unloads, at drives, and at control stations. When possible, low
level maintenance activities also were observed.

4=4



5. DATA CORRELATION AND ANALYSIS

5.1 Summary of Survey Results - Table 5-1 contains a quantita-
tive summary of all "hazardous conditions” and "unsafe acts" observed
in the mines surveyed. In each box, the denominator is the total
number of observations of an activity or separate unit of equipment
in operation. The numerator is the number of times the specific
hazardous condition was observed or the number of operations where
the unsafe act was committed. 1In regard to a few factors (general
mine illumination, vehicle lighting, noise, canopy configuration,
and control design) inadequate ratings were given only where condi-
tions were seriously worse than the average, although these factors
were considered to be less than optimal in nearly all cases, as
noted in the "remarks" column.

The normalized incidence rate (In) was computed to provide a

numerical indication of the prevalence of the "fault'" in the 35 mines
surveyed, and was used as an input into subsequent analysis. The
reader will note that this factor not only gives an indication of
how bad things were in the sample mines, but also how good things
were in regard to a great number of factors. It is to be noted

that the observers got the impression that most of these mines

had, or were developing, positive safety action programs that have
promise of reducing hazards. It is hoped that this subject anal-
ysis will provide some useful suggestions to them for inclusion in
these programs.

5.2 Hazard Effects — Correlation With Accident Statistics -
In order to provide a basis for helping to establish the importance
of the observed factors in contributing to accidents, a compilation
was made of haulage-related accidents that have occurred during
1974 in the 35 mines surveyed. These data were obtained by perusal
of about 600 accident reports in the files of the Mine Enforcement
and Safety Administration Health and Safety Analysis Center. It is
to be noted that these haulage-related accidents included accidents
classified in categories other than "haulage' in the MESA files.
Because of this and because the accident data sample is rather
small, the correlation between this sample and all mines in the
U.S. is not very good. (See, for example, the data in references
1 and 2.) Many of the accidents were eliminated because they re-—
sulted from unique situations or were not directly related to
haulage. The list was further reduced to include only those acci-
dents in which more than 40 man-days were lost during 1974 in the
35 mines surveyed. The remaining accidents were then classified
into the 18 significant types given in table 5-2.
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For each of the 18 accident types, the potential contributing
factors from the observation results (table 5-1) were correlated
for application in the following manner. The item was deemed to be
a probable contributing factor for the 35 mines surveyed if it
passed two tests:

a. The hazardous condition or unsafe act could indeed lead
to the accident type.

b. The hazardous condition or unsafe act was prevalent in
the 35 mines surveyed, i.e., the normalized incidence rate
was greater than about 0.2.

The results of this correlation are summarized in table 5-3 by
classifying each of the prevalent factors and noting the haulage
category and the accident types to which the factor may contribute.

There are four classifications of "faults" that might lead to
a hazard or accident: environmental irregularities, planning or
software faults, equipment or design faults, and unsafe acts or
human faults. For the purposes of the present analysis, the defi-
nition of each classification is as follows:

a. Environmental Irregularities — Physical conditions in the
mine that may affect safety directly or indirectly.

b. Planning or Software Faults - Problem areas that are re-
lated to overall mine systems.

c. Equipment or Design Faults - Problems related to the de-
sign or choice of specific haulage equipment.

d. Unsafe Acts or Human Faults - Errors in judgement, negli~-
gence, or breaches of common sense committed by individual
miners.

This correlation of accident types and contributing factors amounts
to a highly restricted form of fault-tree analysis, except that
here actual observations were used to replace a purely analytical
listing of potential hazards and faults. By restricting the ana-
lysis to the statistical accident experience and observations of
prevalent hazardous conditions and unsafe acts in the 35 mines,
the analysis contains discussions only of those situations where
the survey team had direct experience. Note that a more compre-
hensive and rigorous fault-tree analysis of each system would have
considered many more contingencies, some of which may be quite
important to the overall safety of miners working in or near.
haulage operations.

5-22



*PakaAIng SAUTY Gf 20y SOTISTILAG JUBPYIIV #/6T ‘g-G 9TA¥I 9§ ¢

5-23

*SUOTIBAJ®SqQ 3ITU[ JO 19quny TEIOL + SIVY 3JeSu) IO SUOFITPUO) SNOPIezRH PSAILS]Q JO 8OUSPTIUI = 23IBY IDUSPTIUI PIZITBWION = u *T :SHION
1 4 x 11/¢ 3124 sz04aau0) BuTAoW JI0 1o up Buriled
51 %€ * x x x| 1g1/L€ ssapiRRll AITTTATSTA - YBTH OOL 10D BuTpeoT
[4 71 X [x 901701 $§91NdBIL 10I3U03 21qed X004
€1 44 X Xix X 611/0T ssaN2BAL @01338ag nayl Surssed uotine) Furaxasqo 3oN
£T Y % X[x X HZ1/%1 ssaioeIl (33Tus-21g) 3usudinby Suryseyd IoN S
8 8 % X 211/L ssaTdRIL 910TIyap pedied B Suryoolg ‘sedead 3urizes ‘uro Juriinys IoN I
€T t44 ® x|x LA AVIA ssayoea] SuTwweil S1TYM uo 0N SIYSTITpPesH 2
9 9 X[ 9%1/veT ssoNoRA] Buruing a10jeg A0 ‘Surelin) aiogeg ‘3xels 3 [T2g Surpunog ION A4
S 1z x % % £YV1/5€E ssaNvRIL guypuels ‘uorarTsod ayesun ul SuIprd
ST 96 ®ix X X | % X 871/81 ssaTdorval 103ea3d0 xeTiTWEIU] 10 pavuariadxaul
€T % x X x 0Z1/€1 $S3TYOBXL 1924ABI] FO uOT3I52aTQ Buroewd IoN a1
z 0T x oh/8 REL:ESA 30TABQ Surytexsy aadexg Bursn IoN d
€1 44 x x|[x x| oy1/9% ssaTyoRIL v
6 74 x XX x|% L9 AOBIE seoue3lsSUNDIT) 0] Poddg DATSSIIXT S
I3 €1 x x x x 0L/02 yoeay, (210d 4217011 ovejdey o3 Burpuels) paleds Suruiewsy 3JoN N
b4 (43 X S7/T1 A2BIL 21dnooun/a1dnod o3 sae) ussmiag sdels ‘aaaT osn JoN sa0Q n
[]8 €T X x 891/8 SSITRORLY, Jusudinby woxg Burpnijoxg swell
T T x 0L/L2 Ao'IL
T 4 x 6%/91 313g uoT3I08301g °KF IEOM 03 PanTred
14 L X X $/11 31°¢ £311nd pepaendun 1o 178d BUIAOW o) 8S0TD 0OL Xo up JuIRION
z [ % LE£/0€ yoey ey sup Burizods sioyeq BuTuleM SATH 03 danyled
ki [as x %5/0T NoeAL sie) U9am3ag Burop/saeidnosag sienbopeul
8 T X XX H5/8 A2eAL si1a7dnod orjewoIny aalIveieq/jo OB
Y (4 x ® X 89/1¢ Noeal BATIOWOD0] UO ) 20 PTITYSPUTM ON
€1 f44 ® X (% X Ly1/0T sga1yoea]L s879TYap uo SuT3y8rT JusToIFINSUL A
b4 kas X X 691/16 ssa¥oral sotdour) ‘yo ufrsag 1ood 10 ‘yo NAET N
£T fA4 X XX X 651/%9 $SaTNoRIL A3ITTLQISTA I19ATX(Q 3004 q
Y L X ® €9/¢€ 319g sfeT1nd 9A1d e Spiend d3enbapy jo YorT W
< 87 x([x 2ET/%6 ssayyoeA]l sieq o1ued ON Io @jenbapeul d
z < t x Lejoe 3IuTod Aagsueil sjutod BuIpeoT i) SUTN IB SISTIXY [IUUOSIag 03 paABZEH iUy a21aa@ 3utuieM o }oeTl 1
z € x 96/99 ERET S $20TaaQ ButuaeM ,,31e3§,, 3O ¥OBT Q
4 € X $9/09 ITeqg a1eg uo BurNIoM BTTYM ,,U0-UINI, 3IUBASIJ €3 SyD0I23ul L39yeg/sudrs SuruieM yo NoeT o
Z El % X o%/6 EYET drajuel Jo yidus] 8i113ug - sadtaad dolg LousBaawg d23enbapy Jo AoET q
€T 44 % x (% x €91/8¢€ ssaorar
S T % x|x 99/5 qoeAL ST01IU0) O UOTIBV0T Io ugisag rood
A 7 X (% x|x /vl RoeaL 10382TPU] UOTITSO4 IO UDITM§ PIUSITESTIN/3ATID0F2( )
8 ST ® (% x x|x £€L/22 yoexl *233 ‘spIN§ ‘IapUeg ‘I1a11013U0D ‘1134 ‘SIYBTT ‘saderg - (sdupuezureN) Iucwdinby 9ATIVBIAQ N
ST 6% X x x|x X 091/89 ssaTioeAL 1oaguc) Butwmex] ‘Burieeils ‘yred ‘s3uBTT “sedeid - (@Pdurusjutel) juswdinby an30vIaq 1
9 At X X x £9/8¢ AoeaL 1004 BTPIW UOTITITUNWLOD N
z S ! x 12/01 sjoeal 1013U0D 21FFeIL 3O HOET N
T e XX x| 101/8% ssa1qoral 20113819 £q PRIONIISAQ MITA v
I3 44 X% XX €L/82 Koeil s3euteaq Lespeoy pue ‘iselied ‘juswulITy ‘28nen NoeAL FO 20URUIIUTEK 2004 1
S A * x x 14781 EREE 92uRIBAT) 3PIS 3O HOET a
1
v
L
9 9 x $6/€S $$a0RIL SuoTIBOTUNWWE) I00d UT BuI[nsay ISTON N
4 € ® %|x vS/€T 1124 $3JUTOJ 193SUe] 1B UOTIBRUTWN[T] FO NP1 q
< €T x X% 2L/81 yoeaj, SIUTO4 IPJSUEBIL e UOTIBUTWNTII IUSTITFINSUL W
€T 144 % %X X z6/1 ssa1jora] uoTIeutwni(l JUITOTIINSUL N
ST 6% %® X ®|% x| 901/5¢ ssafioral 10014 394 Sur{p1is usAaun 0
€ S X 0L/92 PELERA s3704 y00y BurSueH k'
€ S X TL/ST AoBIL 2d5uUp1ed1) pERyIaAQ JO d8uey) idnigy I
S 82 x[x 90T/61 ssaT%oRll BouBIRA]) PEOYIASAQ POIDTIISIY A
N
E a
SINIQIOOV S0T¥AS SINIATOOV Z1A N[ :_H“m A[O{dIOINH TN (C{T|H Aj3ia[d|d[Vy X¥09dLVD % NOLIVOTAISSYIO
40 YATHON J0 YIERaN 2z INIAIDD 0 s mWB_H <u_vHrH UHm_Dm_mH/Wq £ _ 1 1 FIVINVH SQUVZVH 0L ONILAGIHINGD SHOLDA LHvd

sio3oeg Surinqrijuo) pue soadL], JUSPTIOV JO UOTIBTIIAI0) °*g—¢ IOT]EL




One might be tempted to try some numerical analyses with the
observation and accident results obtained. The reader, however, is
warned that such analyses should take into account several factors
that may tend to bias the results: for the most part, observations
only recorded existence or nonexistence of a condition or event, not
the degree of quality of it. Next, the observers believe their own
presence sometimes may have influenced the miners to safer practices.
Time was a factor, and whereas a "hazardous condition" might be ob-
served as a static thing, "unsafe acts" may have been missed because
of the relatively short period of observation. Also, some of the
factors listed in table 5-1 are more important than others. Last,
in regard to the accident data correlation in table 5-3, a consid~
erable amount of judgment was used in correlating the "contributing
factors'" to the accident types.

Notwithstanding the caveats above, the results of tables 5-1
and 5-3 appear to suggest that "hazardous conditions" are perhaps
more prevalent than "unsafe acts." However, one might speculate
further that many hazardous conditions are the indirect result of
activities (or inactivities) of miners. On the other hand, atti-
tudes of miners might well reflect the posture of management and
supervision, and perhaps of the unions. It also appears that
equipment and planning "faults" are more prevalent than environ-
mental faults. Indeed, uncorrectable environmental hazards appear
to be far less common than correctable hazards (including some
environmental conditions). Based on the 1974 accident record for
the samples of mines surveyed (table 5-2), one might guess that
the chances of having a serious accident in trackless and track
haulage in a mine are about equal (about one every 16 months);
but that the chances of having a lost-time accident in conveyor
haulage, coal transfer, and hoisting are lower (about one every
5 years for conveyors, and much less for coal transfer and hoist-
ing). Carrying this speculation further, it is noted that hoisting,
coal transfer, and belt haulage have less men directly involved.
This might lead to the conclusion that the safety could be improved
by using haulage systems amenable to automation and remote control.
The fact that two out of the three fatalities in the particular
data sample contained in table 5-2 occurred in belt haulage is be-
lieved to be an anomaly, and should probably not be given too much
weight.
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5.3 Accident Prevention Analysis - Preventive measures that
might be suggested to reduce accidents will provide one or both of
the following beneficial effects:

a. Improve system interfaces between any combination of man-
machine-mine-man; thereby reducing the probability of the
miners making mistakes. Most of the preventive measures con-
sidered fall into this category.

b. Reduce exposure to accidents by removing personnel from
dangerous areas, reducing the number of personnel in dangerous
areas, or limiting the time a miner might spend in critical
situations.

These preventive measures fall into one of the groupings outlined
in table 5~4 in the form of EQUIPMENT/SYSTEM CHANGES or OPERATION/
PROCEDURES CHANGES. 1In table 5-5, the significant accident types
are listed along with the probable causes as observed. In parallel
with each kind of hazardous condition or unsafe act, there is noted
one or more candidate preventive measure, identified according to
the groupings in table 5-4. All preventive measure options con-
ceived are included in table 5-4 in order to provide a rather
complete 1list of candidates that occurred to the researchers.

Some of the options would require major changes and incur large
expenditures, and others are relatively minor. Many of these are
not very innovative, but are already in use in a large number of
mines.

In preparing this 1list, cost was not a consideration. Also,
even though the germ of a cure is noted, in most cases the choice
and application of preventive measures will require trade-offs
and designs to a far greater level than allowed during this in-
vestigation. Indeed some of the candidates listed will even be
impractical in a large number of mine situations.

It is to be noted that a problem in the area of, for example,
human error does not have to be cured by a "human" change, but it
might be cured by a preventive measure in the "design" or "software"
classification. Unfortunately, it is seldom possible to put a finger
on one fault and match that fault with a single cure. 1In some cases
the adaption of only one preventive measure might mitigate a particu-
lar hazard; whereas in other situations two or more preventive mea-
sures may be required to attain significant improvements. Usually,

a complex set of factors contribute to any accident. The physical
environment is often a factor; certain procedures, mining methods,

and equipment that are in wide use in the U.S. today may be inherently
conducive to some kinds of accidents. The job itself is sometimes
demanding and at other times boring, which makes it difficult for the
miner to stay ''psyched up'" at the proper level so he can react to
stimuli with correct responses.
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Table 5-4. Preventive Measure Grouping

I.

II.

EQUIPMENT/SYSTEM CHANGES

1.

2.

3.

4,

General Mine System Change.
Major Machine Substitution.
Major Machine Modification.

Minor Equipment Modification.

OPERATTION/PROCEDURES CHANGES

Reroute or reschedule major haulage activities.
Minor changes to low-level activities or processes,

Changes in frequency or level of inspection and main-
tenance.

More intensive safety education and job training programs,

More effective enforcement of regulations and/or closer
supervision.

Change and/or modification of regulations.
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In this study, an attempt was made' to include these realities
as existing conditions, and to provide relatively short-term solu-
tions that might be applied to a cross section of present U.S.
underground coal mines as they are operated today. Here, and in the
trade-off analysis and recommendations to follow, the concept was to
attack each problem at the system level, taking into account the
complex interrelationships of men, methods, equipment, and environ-
ment. An attempt was made to establish the most probable or sig-
nificant faults, and then match up preventive measures that were
believed to hold the greatest promise of improvement in the overall
operation. Initially, a search was made for causes other than
human faults or environmental irregularity faults in line with the
definitions given ahead. This was done in order to force discovery
of preventive measures in the areas of: first, design, and second,
procedures. Those problems not amenable to design or procedures
cure, then, must be attacked via other means such as improved train-
ing and changes in regulations.

The foregoing may appear to put an inordinate burden on mine
management and equipment suppliers to save the miner from injury.
However, the purpose of the analysis was to point the way toward
development of equipment and mine systems that would do just that:
make it difficult for the miner to do the wrong thing, or conversely,
make it easier for him to do the right thing.

The candidate preventive measures were rearranged somewhat by
functional category to facilitate the trade-off analysis and for
later correlation with recent USBM research and development pro-
grams. The trade—off parameters used are:

a. Effectiveness in alleviating observed hazards.

b. Commonality, i.e., the degree of which a single concept
might mitigate more than one hazard.

¢. Minimum time schedule to develop and implement the pre-
ventive measure operationally in a significant fraction of

U.S. coal mines.

d. Complexity of the system required to meet the preventive
measure requirements.

e. Probable total cost to implement the concept in a sig-
nificant fraction of U.S. coal mines.

f. System or hardware reliability in the underground coal
mine environment.
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g. FEase of maintainability of the operational system including

resupply.

h. Consideration of significant additional electrical power

requirements.

i. Form factor, i.e., consideration of shape, size and loca-
tion requirements, especially where additional hardware may
interfere with othermachine functions.

j. The degree to which the preventive measure may improve or
inhibit operational flexibility.

k. Technical risk in bringing the concept to operational
utility.

1. The potential that adaption of the concept may introduce
new safety problems in adjacent areas.

m. Factors other thanthe above that may bear on the feasi-
bility of implementation or general utilization of the concept
in many mines.

These parameters are contained in table 5-6. The numerical ratings
for each parameter indicate as follows:

3 - Very Good

2 - Good

1 ~ Marginal

? - Could Not Evaluate

In the right-hand column is a summary comment symbol providing an
opinion about the schedule and feasibility of the preventive mea-
sure concept, where:

S — Potential Significant Short-Term Gains
L - Potential Significant Long-Term Gains
? ~ Overall Feasibility of Concept Not Certain

In applying the ratings, each preventive measure concept was con-
sidered independently of the others. For example, effectiveness
means only the effectiveness of that concept in relation to the
particular hazard(s) it is designed to reduce. Therefore the
overall value of one concept can not always be compared directly
with another. The ratings given in table 5-6 were based mainly
on the judgment of the project personnel, including the mining
consultant, Mr. George Judy. It is conceivable that developments
unknown to the project team may suggest different ratings than
those chosen here. Readers are therefore encouraged to supply
their own evaluations.
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Table 5-6.

Trade-0Off Analysis

A\
/o) /S
CANDIDATE & ~ 57 Jo
& TR VIWA
5/ SSGS 4 &/
PREVENTIVE (I A /o) S/ & N
MEASURES S/ E) S SR E ) AL
G/ E/E/ S )T S eSS & E
I I T T VIS TES IR & §
% S ESSS VAT & &
&) S S G )L FES S K L [ TS
QOPERATOR COMPARTMENT AND CONTROLS
Standardize and optimize operator's compartment 21212y 2)1{222]2f3[2{3 L
(human engineering) (TRACKLESS, TRACK).
Proportional tramming control (TRACKLESS). 2121221222212 3]2;3 L
Attenuation of steering torque feedback (e.g., modi- 212121 2122721212 2]|2}3 ?
fied power steering) (TRACKLESS).
Adjustable seat (TRACKLESS). 232131 213}2|2|2]2f2}33 S
Slow-rise shock absorbers on vehicle seats (TRACKLESS).  2¢{2{3| 2312 2]|2]2f2]3]|3 S
Integrated brake and tramming control (TRACKLESS). 2212121312122y 22|2(L L
Block signal system (provided it's justified by volume {22 2( 22|21 22{ 2] 2|3} 2 L
of traffic) (TRACK).
Automatic speed limiting devices (that apply emergency | 2| 22| 2|2} 2 2} 2{ 2] 232 L
brake above set speed) (TRACK).
Provide convenient on-off switch location that can be 2t 213131312222 3[3}3 S
actuated from riding position on belt (BELT-MANTRIP).
Key-locking switch to prevent energizing belt drives 2121313313 2]2f2}2f3]3 S
during maintenance (BELT).
Closed circuit TV monitoring for closer supervision 212V21 221212122} 2}3]3 L
(BELT) .
AUTOMATIC PILOTS
Automatic shuttle car guidance system (TRACKLESS). 1y 1) 1f |1y 1) rf2)2{1f1]1y1l ?
Electromagnetic obstacle detector (TRACKLESS, TRACK). 21232 2¢y21 22212 2f213 L
REMOTE/AUTOMATIC CONTROLS
Automatic control of track vehicles (TRACK). 212121 v 12122212221 L
Central remote control of track vehicles (TRACK). 21212 V) 1y 2] 2212]212]21 L
In mines employing a dispatcher, switch-position 1221 2f2)2{212{2f 2y 312 S
indicators on dispatcher display (TRACK).
In mines employing a dispatcher, install dispatcher 21221 1|1} 2] 2|2 2] 2]2}2 1 L
displays of vehicle velocity and locations (TRACK).
Automatic or remote control decoupling (i.e., operated| 2| 2| 2| 2| 2 2} 2| 2] 2] 2| 2] 2 L
from motor) (TRACK).
Automatic couplers with self-centering devices (TRACK).| 2| 2§ 3| 3| 3| 2| 2} 21 2] 2] 3] 2 S
More positive decoupling device that holds coupler 21 2131 3131 2) 22} 2y 2] 22 S
open until car separation (e.g., detent) (TRACK).
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Table 5-6. Trade-Off Analysis (Continued)

CANDIDATE

PREVENTIVE

MEASURES
CONTINUOUS HAULAGE
Substitute continuous conveyor haulage for shuttle 213121 2p2(212)2)2]2]312]1 L
cars (TRACKLESS).
BRAKES AND PANIC BARS
Automatic, fail-safe emergency/parking brake (sets 2122121212222y 1|2}1 L
when vehicle power is removed from tram motor, when
actuated by panic bar, or when any component of
service brake fails) (TRACKLESS, TRACK).
"Dead man' controls tied to automatic brakes 21 3131313131312 22]3]2 S
(TRACKLESS, TRACK).
Positive, mechanical parking brake separate from 21313 313[3[3]2]2]2]3]2 S
service brake (TRACKLESS, TRACK).
Interlock drive motors with brake line pressure to 2121221312122 2]2]311 L
prevent operation with 'low'" brakes (TRACKLESS, TRACK).
Improved parking brake indicator (e.g., via brake sur- | 2| 312 2{3}|2]2]|2f2f2]3]2 S
face forces) to give positive indication of FULL-ON
condition (TRACKLESS, TRACK).
Panic bar design and installation guidelines for each 3131333132212 2}3|2 S
model of equipment, for use by mine shops in retro-
fitting vehicles (TRACKLESS). ’
PROTECTIVE CANOPIES
Design (or redesign) canopies for optimal visibility 213121 21 3y21212]2}2| 32 L
and/or egress (TRACKLESS).
Canopy with full cab enclosure or with gate (as 211121 21321 212fy1y1]3}1 L
alternative to panic bar) (TRACKLESS).
Design and installation guidelines for each model of 3131373033 212[2]2]3]2 S
equipment, for use by mine shops in retrofitting
vehicles (TRACKLESS).
Canopies or full cab enclosures to restrict body 2y 2120203131 2)2)2)2]3}2 S
projection (TRACK).
Design and installation guidelines for cabs and wind- 213131 3[301312)2]2]2|3}2 S
shields on operational track equipment for use by
manufacturers and mine shops in retrofitting vehicles
(TRACK) .
Swingaround rotational cabs (TRACKLESS). 2Ly v 21 vpry2)112) 2|2 L
ILLUMINATION AND VISION AIDS
Diffused area illumination of haulageways to improve 2011y 211121211 212]3]2 S
driver cues and reduce hazard reaction times
(TRACKLESS) .
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Table 5~6. Trade-0Off Analysis (Continued)

CANDIDATE

PREVENTIVE

MEASURES
High intensity diffused headlamps (new lens design) 212421 3{312(22{272)3}2 L
(TRACKLESS).

ST Two reliable headlamps and side lights or reflectors 212121 3(313[272)2]2[3]2 L

on each end of vehicle (TRACKLESS).
Interlock headlights with tramming direction control 21 2¢y2 23122122213} 2 L
(TRACKLESS) .

s Lights that may be dimmed but turned off only when 212122131 2(2l2y2)2(3]|2 L
machine power is removed (TRACKLESS).

Keep headlamps clean (TRACKLESS). 213131 31313{21212|2|3}|3 S

. Directed and shaded illumination at transfer points 212121221 2121212]213]2 L
(TRACK) .

Portable task lights and area lights (TRACK, 213131 313131312121 313]3 S
TRACKLESS) .
Standard color marker lights for use on parked vehicles{ 2| 3|3 3|3}13[212|2]2}3]|3 S
(TRACKLESS) .

: Provide parked trips with end reflectors (TRACK). 2133131313121 2]2]213|3 S
Reflective paint and/or tape with colors for different {2 |3 3| 3|3 13| 2|2}(2|2]|313 ] S
functions (GENERAL).

Reflective clothing for all mine personnel (GENERAL). 2131313231212 2{2}3]3 S
Reflective paint on low roof and obstructions 2(3|31313{3}212(2[2{3]3 S
(TRACKLESS) .

Reflective paint for temporary marking of hanging bolts| 2|3 |3(3{3]3(2|2|2]2{3!3 S

until bolt removed/replaced (TRACKLESS, TRACK).

Flexible warning sign hanging at same height as 2121313132212 21213|3 S
obstructions (TRACK).

Adequate means of marking roof to indicate shuttle car (2| 2|2| 23| 22(2|2|2]3]|3]|3 S
route with best clearance (TRACKLESS).

Designate entries/crosscuts being used for shuttle cars|2| 2|2 3|3 2|2|2|2|2{3]3 S
run by operator placement of portable markers, (e.g.,
reflective cones) (TRACKLESS).

Substitute lower profile machine (TRACKLESS). 2211 3j1y2{2(2{21}3}1|1 L
| Locate operator near boom end of shuttle car 212721 212V2)213]22y2)2 L

(TRACKLESS) .

Control loading height of coal to improve operator's 29213131212 )2727213]1 S

opposite side view (TRACKLESS).

Folddown sideboards (TRACKLESS). 212021 3([3{2t3(212]12{313 S
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Table 5-6. Trade-Off Analysis (Continued)

CANDIDATE
PREVENTIVE
MEASURES

Double~split ventilation to reduce number of curtains 21211 212]2]2
in haulageways (TRACKLESS).

Transparent brattice to improve visibility (TRACKLESS).j2{2]2]3}3

(3
N
N
N
N
(]
W
w

NOISE CONTROL

Reduce machine noise (through isolation, insulation, 213121231112} 2(212]|3 L
and redesign) (GENERAL).

Discriminating electronic ear muffs (GENERAL). 21212y 2(312(2vy212)2]3|3 S
COMMUNICATIONS
Area-wide communication between vehicles and all 212t 1y12j112{2{3]2|3]1 L

miners in same area (GENERAL).

Short range line-of-sight transceivers between fore- 2421212312212 22}313 S
man, loader/continuous miner operator, and shuttle car
drivers (GENERAL).

Reduce noise in trolley phone system by conventional 21212y 2(2|12{2|2]212|2]3 L
noise reduction design techniques (TRACK).

Reliable voice communication between brakeman and 212212212212 212]2|3 L
motorman (TRACK).

Additional communication along belt (BELT). 2221213122122 2}3!3 S
"Hands-free' type of communication system (TRACK). 21212121312t 2(2]2(2]|313 S
MAINTENANCE

Built-in test equipment for improved machine preshift {3 |3 |2|2[3]2[312]2]312]3 L

checks (i.e., hydraulic pressure, cable faults) and
trouble diagnosis (possibly programmed) (TRACKLESS).

Variable cable tension or feedback devices to minimize |2 |22 2 (3|2 222|222 L
whip and tension (SHUTTLE CAR).

Quick disconnect trailing cable connectors with safety |2 |2 3|2 |3{2|312|212{3}|2 S
interlocks (TRACKLESS).

Improved roadway maintenance, leveling, and drainage 31312} 212(2y212|22(3]3 S
(TRACKLESS) .
Drag-bar on rear of shuttle car to aid in road 1y212(2(3{212(2(1{2(3}{2 S

leveling and filling (TRACKLESS).

Greater use of dewatering wells, sump holes and/or 3131221212212 212]3|3 S
drainage ditches (TRACK).

Preshift machine check list signed and submitted to 3131313313321 2(2]3}3 S
foreman (TRACKLESS, TRACK).
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Table 5-6. Trade-Off Analysis (Continued)

CANDIDATE
PREVENTIVE
MEASURES

Scheduled preventive maintenance and improved overall
maintenance procedures with strict user written
feedback (GENERAL).

Separate design standards of rail and track bed
quality for coal and non-coal usages (TRACK).

WARNING

Seat interlock with audible warning after limited
backward travel (TRACKLESS).

Automatic, short audible or visible signal when
tramming lever is engaged (TRACKLESS).

Relocate warning sound sources to reduce annoyance
to operator (TRACKLESS).

Time-delay actuator in porta-feeder to give audible
warning before equipment moves (TRACK).

Signs or warning devices of environmental hazards
(flashing lights, reflectors, etc.) (TRACK).

Time-delay circuit and warning in belt drive switch
(BELT) .

MISCELLANEOUS

Improved material handling procedures and techniques
(TRACKLESS, TRACK, BELT).

More intensive safety education and job training
programs (including multi-job training) (GENERAL).

More effective enforcement of regulations and/or
closer supervision (GENERAL).

Alternative tire designs to improve traction under
differing bottom conditions (TRACKLESS).

Substitute battery or diesel vehicles (TRACKLESS). .
Modify roof control locally, where belt side clearance
is limited, to allow wider entries (arches, bolts)
(BELT) .

Keep work areas free of debris (GENERAL),

Use proven/proper tools (GENERAL).

Optimal design for safety glasses or flip-up shield to

provide protection and allow for use of corrective
prescription (GENERAL).

w
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Table 5~6., Trade-Off Analysis (Concluded)

CANDIDATE
PREVENTIVE
MEASURES

Mobile (and fixed) equipment specifically designed for| 2} 3} 2| 2| 2] 2| 2¢{ 2| 21 2j 2| 3 L
1ifting and moving heavy components in the limited
space of coal mines (GENERAL).

Remotely controlled trolley pole placement (TRACK). 2] 2| 2} 2| 3} 2| 2] 21 2| 2] 3} ? L
Replace trolley pole with pantograph design having 20 2| 2] 2 31 2| 2 2{ 2| 2] 2} 2 L
wide capture span and limited pole freedom, to

obviate pole direction reversing, and reduce hand

- manipulation (TRACK).

More positive switch-position sensors (TRACK). 21 21 2] 2| 3 3} 2| 2] 2| 2} 3] 3 S
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5.4 Application of Recent USBM Programs - A list of known
USBM research programs containing developments pertinent to reduc-
tion of haulage hazards in underground coal mines is presented in
table 5-7. The objectives and outputs of these programs, as under-
stood by the project personnel, are compared with the alternative
preventive measures conceived in table 5-8, by noting the degree
of application of the R&D program and suggesting additional work
that might lead to implementation of the preventive measure. Where
the preventive measure appeared to be outside the area of competence
of the project personnel and perhaps outside the province of current
USBM responsibility, the notes may merely point out that some work
has been done on the subject and perhaps recognizing that more is
needed. Tracing the suggestion back to table 5-5, the reader may
gain insight into the situation and hazard, if these are not already
well known. In general, recommendations in the area of design have
been given the most attention, and of these, more emphasis has been
placed on those that might be implemented in a short time span,
Because of the many variables involved in different mines and situ-
ations, the project personnel did not feel sufficiently confident
to provide overall priorities for the various preventive measure
concepts. Also, to reach some objectives, it may be prudent to
pursue both short~ and long-term developments toward the same goal.
For example, consider the problem of decoupling and coupling mine
cars. H0346042 is pursuing a development of remote coupling op-—
erated from the locomotive, thereby eliminating the need for a
"snapper'" for this function. The authors believe that this develop-~
ment will indeed be worth the investment, and should be pursued.
The cost and schedule to implement this concept operationally in a
large fraction of the coal mines, however, suggest that an interim
short-term fix may be considered, even if only partially effective
in reaching the total objectives of H0346042.

In general, the authors feel that with the exception of train-
ing and motivation, possibly the largest payoffs for improved safety
are in better maintenance of all kinds of equipment and systems.

It is therefore suggested that the USBM give serious consideration
to providing more assistance to the industry in developing improved
methods in this aspect of coal mining.
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Table 5~7. Applicable USBM Research and Development Programs

Standardization of Controls

HO0230021
HO0242033

Standardization of Controls for Underground Electric Face Equipment
Optimized Operator Compartment

Automatic Pilots for Shuttle Cars

HO111194

Automatic or Remote Control on Coal Mining Machines

Remote/Automatic Control

Feasibility of Automated Rail-Haulage Systems in Underground Coal

Automatic Coupler for Mine Cars

Feasibility of Hydraulic Transportation in Underground Coal Mines

HO0242011
Mines

HO346042
Continuous Haulage

HO133037

HO0242025

Panic Bars

Study of Continuous Face Haulage Systems

and Automatic Brakes

HO110896
HO111670

HO133031

HO0230021
HO242033

Protective

Automatic Brakes for Mine Track Transportation Systems

Inherently Safe Mining Systems in Conventional and Continuous Coal
Mines

Design Criteria for Panic Bars on Continuous Miners, Auger Miners
and Battery Mine Tractors

Standardization of Controls for Underground Electric Face Equipment
Optimized Operator Compartment

Canopies

HO111670

HO0220031

H0242020
H0242028

HO242065
HO346102
HO357091

HO357090

Inherently Safe Mining Systems in Conventional and Continuous Coal
Mines

Protective Canopies for Underground Low—Coal Electrical Face
Equipment Including Shuttle Cars

Survey on Protective Canopy Design

Design and Development of Protective Canopies for a Shuttle Car,
Loader, and Roof Drill

Protective Canopies for Shuttle Cars, Loaders, and Cutters

Low Coal Canopy Study

Development of Protective Canopy Concepts for Underground Rail
Haulage Equipment

Fabrication and Evaluation of Protective Canopies for 3-Foot Coal
Seams
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Noise Control

HO0122054
H0220048
G0133026

HO144078
HO0346046

Table 5-7. Applicable USBM Research and Development Programs (Concluded)
Illumination

HO111670 Inherently Safe Mining Systems in Conventional and Continuocus Coal
Mines

H0220065 Exploration of Illumination Concepts for Underground Coal Mines

HO0230026 Machine Lighting System for Low Seam Coal

HO0242021 Portable Task Luminaire

H0242023 Development of Fluorescent Cap Lamp System

H0242048 Development of Tllumination for Low Coal Mines

HO0242049 Develop and Evaluate Fluorescent Lighting Systems for Underground
Mines

HO0242050 Additional Fluorescent Luminaire Hardware and Assistance in Field

Evaluation

Noise Abatement in Mining Machinery

Mechanical Noise Control for Pneumatic Drill

Study of Roof Warning Signals and Use of Personal Hearing Protection
in Underground Coal Mines

Alternate Conveyor Designs for Mine Machinery

Noise Control of Underground Diesel-Powered Mining Equipment

Communications

HO111670

G0101702
HO133038
HO133005
80133035
10232056
HO230034
50144082
HO0242010
HO346045
HO346067
S0346089

Miscellaneous

HO346138
HO0122011
HO0110423
G0133077
G0155003
HO0242015
HO0242037
HO364079
S0144010

Inherently Safe Mining Systems in Conventional and Continuous Coal
Mining

Mine Communications and Monitoring

Development of Mine Communication Standards

EM Noise Measurement in Coal Mines

Mine Communication - Engineering and Administrative Services

Coal Mine Communications System (Follow-On of S0122076)

Develop Induction Radio System for Evaluation, Deep Shaft Metal Mines
Guidelines for Underground Telephone Systems

Waveform Generator—-Package and Receiver

Technical Services for Mine Communications

Mine Wireless Communication System

Provide Communication Systems, Manuals and Technical Support

Cable Fault Location at Elevated Voltage Level

Protection and Trouble Shooting of Coal Mine Electrical Cables
Quick Disconnect Couplers for Trailing Cables

Mine Electrical Systems Evaluation

Evaluation of Coal Mine Electrical System Safety

System for Handling Underground Mine Supplies and Materials

Mine Machinery Trainer Development and Fabrication

Lincoln Lab Model LTS-3S, Training System

Review and Evaluation of Current Training Programs Found in Various
Mining Environments
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