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FOREWORD 

This report was prepared by Theodore Barry and Associates, 1 151 West 
Sixth Street, Los Angeles, California under USBM Contract No. SOl 1060 1. 
The contract was ini tiated under the Coal Mine Health and Safety Program. 
It was administered under the technical direction of the Spokane Mining 
Research Center with Mr. Thomas W. Martin acting as the technical 
project officer. Mr. Frank M. Naughton was the administrator for the 
Bureau of Mines . 

This report is a summary of the work recently completed as part of this 
contract during the period December 10, 1970 to December 10, 1971. 
This report was submitted by the authors for final approval on November 
30. 

Per contractual requirement, all raw data and the card deck of the com­
puterized fatality accident data base have been submitted to the technical 
project officer . 

This technical report has been r e viewed and approved . 
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PREF ACE 

During this study, Theodore Barry and Associates has visite d 
and worke d in over 50 underground c oal mines in a ll parts of the 
Unit ed States. Throughout th e enti re effort we were ext remely 
impressed by the depth of commitment and the sincerity of the men 
who comprise our country's coal industry. Almost w ith out ex­
ception, we received s trong support and cooperation from every 
sub-group within the in dus try - - owners , management, union 
officials, and mine workers. We believe that the int erest and 
enthusiasm of these individuals a nd g rou ps was a function of 
their genuine concern for the improvement of safety in the mines, 
and an h onest desire to improve the quality of the industry's 
image in the e yes of the American people. It is the dedication 
that we saw and felt which leads us to be sinc e rely optimistic 
about the prospects for continuing improvements in the industry's 
safety records. 

We would like to tha nk all of those throughout the coal industry 
who assisted not only as rep resentatives of vari ous g roups, but 
als o as individuals in contributing the info rmation, ideas, and 
insights which served as the foundation for this report. We hope 
their reward can be measured in lives saved. 
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ABSTR ACT 

In 1970 , t h e U . S . Bureau of Mines contract ed with Theodor e Barry and 
Associates, a management consulting firm , to perform a one - y e a r indus­
trial engine e ring s t udy o f working-face hazards in unde rground bituxninous 
coal m ines. The field data was accuxnulated from industrial engineering 
observations in fifty underground mines. Supporting data for the analysis 
was de r ived primarily from the Bureau 's fata l accident reports for the 
years 1966 th r o ug h 1970. 

This report, Indus trial Engineering Study of Hazards A ssocia ted with 
Undergr ound Coa l Mine Production, c onsists of three main parts: 
1) The F a t a l A ccident Reports Analysis, 2) The Industrial Engin e e ring 
Analysis , and 3) Multiflow Process Charts a n d S tandar d Time Data. 

The Fata l Accident Reports Analysis (Volume I , Sect ion II) is based upon 
individu al USBM fatal accident reports fo r 1966-1970. These were read, 
coded and computerized in t erms of 84 significant varia bles . C ros s -
tabulation s of th ese va:riabies have been us ed to identify major unde r­
ground h azards and to quantify s ignific ant causal fac tors. 

A very st r ong relationship was found to exis t between fatal accident occur­
rence s and low task experience. This led to a recommendation for forma­
lized tra i n ing, ,:erti fication and s upervision programs for min e rs . Victim 
compliance with federal regul ations, mine regulations and supervisor 
instruct ions was analyzed, indicating that supervisors provide the m o st 
crucial communicat ion link to wo~·kers. Thus, every attempt should be 
made to e n sure the competence of immediate supervisors in th e industry. 

Ana lysis of roof fa ll variabi.es revealed a fatal propensit y on the part of 
the miners to work under unsupported roof or under support conditions 
that are marginal. The technical approach to the problem is t o m ake it 
phys ically impossible fo r a miner to work unde r th ese con ditions; t h e 
behavioral approach is to ensure adequate t r a ining and devel op prope r 
safety attitudes among the miners. 

The Fatal Accident Reports Analysis revealed a need for no r malizin g data 
to interpret th e results more accurately. 
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The Industrial Engineeri n g Analy sis (V olwne I , Section III) is primarily 
represented by twelve Fatality Reduction Projects (Chapte rs 7 - 18). 
These projects focus upon highly hazardous areas identified through the 
F a tal Accident Reports Analysis and through underground industrial 
engineering observations. Recommendations are evaluated in terms of 
estimated annual cost to t h e industry a n d estimated potenti a l lives saved. 

The recommendation s d e velope d in C hapters 7 and 8 on temporary and 
permanent support are m a inly conce rned with low-cost truss suppor t 
systems and improved support i n stallation procedures whi ch can substan ­
tially reduce fatal accide nts. The r eduction of maintena nce a ccide nts, 
discussed in Chapter 9, can be accomplished through improved training 
and certification programs . Chapte rs 10 and 12, concernin g 
protection for face equipment operators, d e velops m ajor recomm endati ons 
in the areas of operator c a ges and equipment matchin g. 

Chapter 11, which discusses shuttle haulage accidents, points out that the 
articulated, center-seated shuttle could substantia lly reduce haulage 
fatalities if employed on an industry-wide basis . However, sinc e this 
is not a practical near-term s olution, c a ge protection for side a n d 
corner-seated shuttle s is recomme nded as a workable compromise . 
Chapter 14 discusses auger minin g hazards and deve lops r e commenda­
tions regarding improved winch jacks, crew- s ized canopi e s, and r etract­
able auger guards. 

Brattice cloth is involved in two types of major underg round h a zards: 
maintaining the brattice near the face, and t ramming through line brattice. 
These problems are discussed in Chapter s 15 a n d 18. A sim ple, automa ­
tic brattice-advance i s proposed as a s olution to the bratt ic e maintenance 
problem. Specific, improved p rocedures a nd low-cost equipment acces -
s ories are recommended to reduce the hazard s ge n erated b y trammin g 
through check curtains. As Chapter 17 shows, the few surveying fatali­
ties expected during the early 1970' s c an b e sub stantially reduced through 
a nwnber of procedural changes. 

Chapter 20 discuss es the a dditional research needed in certain areas for 
which the optimal s elution was not identifiable, or for which sufficient 
data was not available to make a useful judgeme nt. T h e top priority 
a reas of new research include : developm ent o f a USBM intern al techni­
cal consulting group, developme n t o f a min e c las s ification system, a nd 
development of a system for com puting the real cos t s of roof control. 
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T he Multiflow Process Charts (Volume II, Chapter 2) illustrate , in 
diagrammatic form, the time - related ir..teraction between all job elements. 
These charts have been construed so as to be interpretable by a layman 
with limited mining knowledge. The Standard Time Data (Volwne II, 
Chapters 3 and 4) represents typical cycle element times for all activities 
as sociated with the working face. Hazardous exposure times have been 
noted. The time study data forms part of the emp irical basis upon which 
the Fatality Reduction Projects have been developed. 
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SECTION I 

INTRODUCTION AND DESCRIPTION 

O F THE STUDY 



CHAPTER 1 

INTRODUCTION 

I. BACKGROUND AND OBJECTIVES OF THE STUDY 

Falls of roof, rib, and face account for approximately 60% of the fatalities 
in the un derground bituminous coa l mines (100 men/year). Seventy percent 
of these occur within 25 feet of the active face in unsupported or inade­
quately supported areas. Haulage accidents, machinery accidents, and 
explosions account for the majority of the remaining fatalities. 

Fatal accident reports normally cont ain extensive detail on the conditions 
surrounding these accidents. However, very little data is available on the 
relation between hazardous work elements in jobs and the flow process 
of jobs at typical faces in the industry. In addition, available fatality sta­
tistics are not normalized with respect to the total manhours ·of certain 
kinds of hazardous exposure in related jobs throughout the industry. All 
of these factors make it difficult to assess the significance of the conditions 
contributing to each fatality and to make recommendations that could reduce 
fatality frequency. 

The U.S. Bureau of M ines saw the need for information regarding not only 
job elements subjected to hazardous exposure, but also the nature of the 
hazard and the time of exposure. Therefore, the Bureau of Mines decided 
that an industrial engineering study of all jobs related to underground coal 
mine production would prove useful. 

Consequently, in April of 1970 a Re<iuest for Proposal (RFP) was released 
by the USBM to conduct an "Industrial Engineering Study of Hazards Asso­
ciated with Underground Coal Production11

• Theodore Barry and Associates 
successfully competed for this study, and in December, 1970 was awarded 
a one-year contract to complete the work. 

The provisions of this contract included the following: 

11 The Contractor shall analyze existing accident 
data pertaining to roof-fall fatalities in under­
ground coal mines. Primary source of the data 
will be the Bureau of Mines' files; howe ver, sup­
plementary information concerning details not 
reported on the official acc i dent report forms 
will be obtained from other sources such as mine 
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operators. These data will be arrayed in 
matrix form to determine what kind of sampling 
would be truly representative of the whole field 
study. 

11 The. Contractor shall analyze all available data 
on underground coal mines now operating ir: the 
United States in terms of seam thickness, pro­
duction level, mining method, type of overburden, 
type of roof support, type of mine plan, and other 
fac tors deemed germane to complete characteri­
zation of mining operations . 

11 The Contractor will estabEsh a work-element 
breakdown f or each operation and fa::::e work 
station ir, sufficient detail to permit the study of 
all variables which could possibly affect operational 
safety, The form of the data &ummary log into 
which all of the observations wil1 be registered 
will be developed. 11 

The essential products of this re search effort were outlined in the contract 
as follows: 

"In each of the mines selected for study, the 
Contractor shall analyze all production operations 
from the face out to the main-line haulage point. 
This will include mining of entries, crosscuts, 
rooms and pillars, and temporary and permanent 
timber and roof- bolt support. All phases of the 
production cycle for both continuous and conven­
t i onal mining operations shall be analyzed. The 
mining operation will be treated as a total system 
compris ed of such factors as mining pattern, 
mining methods, water and roof control, methane 
control, dust r:ontrol, ventilation, and subsidence 
control. 

11 The ~ontractor shall explore ways of changing the 
work elements in ways which would reduce accident 
exposure from rib and roof falls. These woul d in­
clude eliminating hazardous work elements by sub­
stituting other leas hazardous elements and reducing 
the degree of hazards by the adoption of different 
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safety practices, work patterns, or crew assignments. 
Improvements in present safety codes will be considered, 
and the implications of such changes will be evaluated. 
Equipment modifications and changes in work practices 
and mining methods will also be considered. 

" Based upon his exten s i ve analyses, the Contractor will 
recommend those changes in work practices , mining 
methods, equipment, a nd safety practices which can 
effect ively reduce the fatality rate from rib and roof falls. 
In a ddition, the contractor will identify additional research 
areas which could potentially reduce fatality frequency. 

11 The C ontractor shall prepare multiflow process charts 
which will illustrate in diagrammatic form the time­
related interaction betwee n all job elements . T hey will 
be constructed in a manner such that they are interpre­
table by plan view sketches; the charts will depict all 
job elements of the production cycle as they are time­
and-space related to each other. They would, if photo­
graphe d in sequence, produce an animation depicting 
the combined performance of all components in the op­
eration.11 

II. APPROAC H TO THE PROBLEM 

Theodore Barry and Associates a pproached the underground safety problem 
from a systems viewpoint in order to consider all the variables affecting 
fatal accidents. This approach is diagrammed on the following pages. 
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APPROACH TO STUDY OF UNDERGROUND HAZARDS 

FATALITY REPORTS INDUSTRIAL ENGINEERING 
ANALYSIS AN AT Y~T.C: 

WHY / HOW ARE MEN KILLED? WHY / HOW ARE MEN KILLED? WHAT 
WHAT DO STATISTICS T ELL DOES PHYSICAL OBSERVATION TELL 
US? US? 

IDE NT IFICATIO N OF CRITICAL HAZARDS 

WHERE CAN WE LOOK F OR THE BIGGEST 
PA YOFFS IN TER MS OF POTENTIA L 
L IVES SAVED? 

PROBLEM ANALYSIS 
WHAT CAN BE DONE T O SAVE THESE 
LIVES ? 

I, 

SOLUTION EVALUA TION 
IS THE PROPOSED SOLUTION PRAC TICAL 
F ROM THE STANDPOINT OF THE 
ECONOMICS OF THE INDUSTRY ? 

PAYOFF 
HOW MANY LIVES CAN BE SAVED AS A 
RESULT? WHAT IS THE COST PER LIFE 
SAVED? 
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A more detailed flow diagram of the actual methodology used in this study is shown here. 

STUDY METHODOLOGY 

DATA ACQUISITION ANALYSIS RECOMMENDATIONS PAYOFFS 

I 
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.. 
LIVES 
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The two principal data sources for this study were the Fatality Report Analysis 
( Section II ) and the Industrial Engineering Study field data. As can be 
seen from the figures on the previous pages, these two sources are related. 
The Fatality Report Analysis (FRA) alerted us to direct our underground 
observations toward certain key situations and environments; it allowed us to 
focus our analytical energies upon those areas responsible for the majority 
of lost lives. The field industrial engineering study included both objective 
time-motion observations of actions associated with potentially hazardous 
situations , and subjective opinions of management and labor concerning major 
hazards. 

The flow diagram indicates that these two data sources -- the fatality report 
analysis and underground industrial engineering observations -- have been 
supplemented by several additional sources -- company injury data encountered 
during the course of the study, the mining consulting experience of our own 
firm, and a variety of miscellaneous data sources (insurance actuarial data, 
equipment manufactur ers' data, etc.). This data enabled us to identify major 
underground hazards, to describe those hc.zards in detail, and to evaluate 
their significance in terms of their contribution to annual fatalities. 

Based upon our analysis of major underground hazards, we developed and 
critically evaluated a range of recommendations in terms of their impact 
upon fatality reduction and their economic feasibility. Reference was again 
made at this stage to the original Fatality Report Analysis. The result is 
a series of recommendations, each of which provides an estimated number 
of lives saved and est imated cost of implementation. 

We recognize that the development of 11ideal11 solutions and recomm.endations 
without a proposed plan of implementation can be a sterile excercise. 11 Ideal11 

solutions may take a long t ime to sell to the industry, and may take a long 
time to implement. The what and who of less ideal, but more attainable 
alternative solutions therefore become important. In our discussion of re­
commendations in this study we believe we have kept the objective of prac­
tical attainability in focus. 

III. SCOPE OF THE REPORT 

It became clear early in the Industrial E ngineering Study that two areas were 
significant and warranted expanded and independent analysis. As a result, 
Theodore Barry and Associates is currently involved in two other related 
studies for the Bureau of Mines: Fatality Report Analysis and Equipment 
Operations Safety Study. 



IV. ORGANIZATION OF THE REPOR T 

The Industrial Engineering Study of Underground Coal Mine Hazards is a 
two volume report. E ach volume is briefly outlined and dis cussed below. 

Volume I FAT ALITY REPORTS AND INDUSTRIAL ENGINEERING 
ANALYSIS 

Volume I consists of four sections: 

Section I Introduction and Description of the Study 

The Introduction defines the study problem and objectives, 
provides th e necessary background information, describes 
the scope and approach of the study, and explains the study 
methodology. 

The Description of the Field Study describes the physical 
conduct of the study: how the consulting team prepared for 
the assignment; how the mine sample was selected; how 
contact was made with subject mines and interviews with 
management scheduled; how underground observations 
w e re made ; and how the various data forms were used. 

Section II Fatality Reports Analysis 

The chapters in this section represent a partial statistical 
analysis of all of th e fatality reports collected from the 
B ureau of Mines for the period 1966-1970. The data in 
this section is the basis for the estimates of potential 
lives saved which accompany the various recommendations 
in Section III. 

Section III F atality Reduction Projects 

Section III contains the substance of the results of the 
Industrial Engineering Study. As the study progressed, 
TB & A con sultants developed or were exposed to a wide 
range of observati ons, insights, opinions, comments, 
and thoughtful, well reasoned proposals relating to safety. 
These differed in character as well as in subject matter. 
Some were "one - lin ers" - - brief, difficult to document, 



but nevertheless potentially valuable insights into 
certain safety problems. Others were well docu -
mented, well reasoned improvements in areas in 
which fatalities simply are not a major problem 
(e.g. , improvements in face drill procedure). Still 
others were both well supported and significant in 
terms of their potential contribution to fatality re­
duction, Finally, there were some areas in which 
the problem could be clearly defined and the impor­
tance of a potential solution shown, but for which 
no immediate solutio-n was apparent. (The necess­
ary recommendation in this latter case is a call for 
new research.) 

We believe each of these kinds of information can 
be valuable and useful to the Bureau of Mines. Con­
sequently we have sought to sift through and cate­
gorize these data according to their primary focus. 

The first such grouping developed by Theodore Barry 
and Associates consists of twelve Major Fatality Re­
duction Projects . Each of these projects 1) presents 
a significant problem area in terms of fatalities, 2) 
has been the subject of observation and in-depth empi­
rical research during the course of this study, and 
3) offers an opportunity to reduce fatalities through 
the implementation of practical recommendations. 

Each project is organized according to the following 
outline: 

I STATE MENT OF THE PROBLEM 

Brief capsule statement of the problem in 
terms of fatalities . 

II ANALYSIS OF THE PROBLEM 

Complete discussion and analysis of the 
problem and possible solution. 

III SUMMARY OF RECOMMENDATIONS 

A brief summary of the possible solutions 
discussed in the previous section. 
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IV POTENTIAL LIVES SAVED ANNUALLY 

A discussion of the e ffec t of recommendations 
upon annual underground fatalities. 

V COST TO IMPLEMENT SOL UTIONS 

Estimates of the industry-wide cost of 
impleme n t ing the recommendations. 

Section IV Areas of New Researc h and Comments 

The chapter entitled "Areas of New R e search11 describes 
major safety hazards for which no immediate or clear-cut 
solution can presently be proposed. The problem may be 
technical, procedural, or managerial; but, in any case, 
it requires f urther s tudy before action can be taken. We 
have attempted to as sign prior ities to th ese suggested 
areas of new research roughly according to their signifi­
cance in terms of the number of lives potentially saved. 
While these priorities are only estimates, they represent 
the collective opinion of the TB & A consultants who have 
performed the data collection and analysis for this study. 
7he rating scale used is : 

I - T op priority - A breakth rough could have a 
significant impact o n fatality reduction; or, 
a useful cont ribution could be made for a 
minimum expenditure of time and research 
funds. 

2 - Second priority - Less significant research 
in terms of p otenti al p a yoff (lives s aved), 
b ut still useful; research benefits still some 
distance 11 downs tream 11

• 

3 - L ow priority - These projects should be 
considered if extra funds are available. 

9 



Volume II 

In the final chapter of Section IV, "Insights, Observations, 
and Comments 11

, we hav e collected and edited a number 
of ideas which lack either the empirical support or the 
significanc e of the Major Fatality Reduction Projects and 
the Areas of New Research. We offer them not as TB & A­
supported conclus ion s, but as stimuli to further thought 
and crea tive analysis. 

DATA AND CHARTS 

Volume II introduc es the essential minimum of technical 
mining terminology to facilitate unde rstanding of the report 
by non-tech nical i n dividuals; de scribes and illustrates the 
primary mining techniqu es through the use of multiflow 
process charts; and presents typical work-cycle times and 
the means and standar d devia tions o f basic work element 
time s. 
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CHAPTER 2 

DESCRIPTION OF THE FIELD STU DY 

This chapter provides an overview of the conduct of the field study. It describes 
the selection of the consulting team, the t eam' s preparati on for the assignment, 
the selection of the mines and the ar r a ngement of the mine visits. It also in­
cludes a discussion of the kind s of obse rvations mad-~ a..r1.d the data collected 
while in the mines. 

I. CONSULTING TEAM ORIEN TATION 

It is difficult to generalize about the caliber of the staff selected to perform this 
study, since a wide range of aca d emic and work experience was represented by 
the team members. Most have one or more advanced d e grees in business ad­
ministra tion, engineering, or science. All staff members have expertise in 
more than one discipline in addition to the required Industrial Engineering back­
ground. In addition, all posses s the ability to communicate effectively with all 
levels of personnel within the mining industry. Without exception, the personnel 
assigned t o this project were e nthusia stic volunteers , well awa re of the conditions 
they would be asked to accept in order to gather data and develop inputs essential 
to the missions. 

Despite working in an underground environment that is often uncomfortable, 
the staff members found the assignment both stimulating and rewarding. The 
v ariety of contacts with people, changing geographic and physical conditions, 
the importance of the project goals, and the opportunity to make a significant 
contribution to the solut ion of a s erious national problem contributed greatly 
to the satisfaction experienced by the participants . 

TB&: A consultants prepared for this assignment in s everal ways: 

A. First, the consultant s reviewed the final reports c f all commercial coal 
mine studie s conducted by Theodore Barry and Associates during the 17-
y ear his tory of the firm. T his review familiari zed them with typical in­
dustrial e ngin eering problems encountered in production operations, with 
typical work-element breakdowns and produ ction cycle times , with man­
agement and employee attitudes regarding such topics as production and 
safety , and with the overall economic characteristics a nd constraints of 
the coal indus try. 

B. All USBM fatality reports generated since 1966 (over 700) were examined 
in order to gain some preliminary familiarity with and understanding of 
the physical characteris t ics and situations associated with fatal accidents. 



This review proved an invaluable aid as it enabled our consultants to as­
sociate particular underground situations observed during the study with 
similar circumstances recalled from the fatality reports. This fatality 
report review also served as the initial step in the coding of fatality data 
for computerized analysis. 

C. The 1969 Coal Mine Health and Safety Act was studied and discussed in 
detail among the members of the consulting team. This review allowed 
the individual consultants to more effectively interview operators and 
local USBM personnel concerning the problems and advantages associ-
ated with the .law. -

D. The consulting team also reviewed appropriate trade journals and house 
organs -- e.g., Coal Age, UMW Journal, etc. -- to become acquainted 
with the technological issues and innovations of current major concern 
to the industry and to compile a reference file of articles relating to 
safety. 

II. SELECTION OF MINES 

Selection of mines was undertaken within the expressed parameters of the RFP 
and basic contract. The tentative mine sample plan outlined in the RFP con­
sisted of mines having the following characteristics. 

1. Mining Method 

a.. Conventional mining, mechanical loading 
b. Continuous mining 

2 , Seam Thickness 

a. Under 3 feet 
b. 3 to 5 feet 
c. Over 5 feet 

3. Production Class 

a. Under 50,000 tons / year 
b. 50,000 to 250,000 tons / year 
c. Over 250,000 tons / year 

T aken factorially, a total of 18 mines would require study-(2 mining methods) x 
(3 seam thicknesses) x {3 production clas s es). 
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A further condition was that the mines in each category must produce a 
significant proportion of the nation's bituminous coal supply or contribute 
significantly to the total number of roof fall fatalities . An additional res­
triction limited the study to room- and-pillar type mining as opposed to 
longwall m i ning, since approximately 98% of underground bituminous coal 
ia produced by this technique. 

Initial study revealed that many of the 18 types of mines did not contribute 
significantly to either the nation's bitwninous coal supply or to the total num­
ber of roof fall fatalities. An example of this situation would be a convention­
al mine producing over 250,000 tons/year with a seam thickness of le ss than 
3 feet. It is physically possible to have a mine in this category, but highly 
unlikely that this type of operation would exist widely for economic reasons. 
Conversely, a continuous operation producing less than 50,000 tons / y ear 
would be uncommon because the annual production of a single miner i n nor-
mal use is usually g reater than 50,000 tor~s . In addition, the cost 
of the machine makes it an impractical system in other than high production 
uses. Of the 18 theoretically possible categories, 7 were eliminated as i r­
r elevant for study purposes. The excluded categories and the 11 r emaining 
categories a::":"e discussed in more detail in Chapter 3, Volume II, "Typical 
Work Cycle Times" . 

The concept of using a single mine to represent each category raised the 
question of statistical validity. Since extremely small samples are best 
measured by non-parametric methods, we decided to include the m aximum 
possible numbe:..· of mines in each category. After concluding the preliminary 
work-element breakdowns for the actual study, and using our experience and 
the experience of others in the industrial engineering and coal industries, we 
decided that 50 mines would be optimal for the study. Most of <.:he 50 m ines 
would provide time study data, with the remainder providing sample 
selection information. 

The next step in the sample selection was to structure a desirable sample. 
Random selection among the almost 3,000 mines would have depicted the in­
dustry but not by category and would have ignored the wealth of information 
available fr.om especially high and low fatality mines. 

To more completely satisfy the study' s information requirements, therefore, 
it was decided to select two stratified samples representing I} mines with 
poor safety re cords and 2) mines known to place great emphasis on employee 
safety. Also, because of the somewhat random nature of accidents, it was 
expected that some mines with poor safety records would exhibit the charac­
teristics of well operated non-fatality mines. This situation occurred frequently. 
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The high fatality sample was selected from the fatality reports covering the 
p eriod from 1966 through 1970. These reports were assembled, coded, and 
reviewed to isolate individual mines and mine ownerships. A sample of 50 
high fat ality mines was selected based on the number and type of fatalities 
and the circumstances surrounding the accidents. In addition, an effort was 
made to attain geographical dispersion in order to be able to evaluate state 
and regional differences, In all cases, the selection was oriented toward 
mines most likely to display adverse physical or safety conditions. This 
condition was not consistently attained by the process, especially in the small 
mine categories, since many mines had only a single fatality during the five­
year sample period. 

In addition to these fifty high fatality mines, a slightly smaller sample of 
well operated mines was selected to provide examples and information on 
the methods used in lower fatality mines. A premium was placed on those 
mines which were operating safely under adverse physical conditions. Par­
ticular emphasis was also placed on mines with safety records that had 
drastically improved as a result of new m3.nagement or application of better 
management techniques. This sample was selected through personal con­
sultation with USBM inspection personnel, ranging from inspectors to district 
managers. In all cases, their nominations were based on personal knowledge 
and contact with the mine and its management. The selection was made from 
USBM districts on a weighted basis which approximated the high fatality sample. 

The objective of selecting stratified samples at supposedly opposite ends of the 
safety spectrum was twofold. The mines nominated by inspection personnel 
provided information on the latest management techniques and equipment in 
use and served as a model to help evaluate other mines. These model mines 
also provided invaluable training in safety engineering for the industrial en­
gineers who performed the study. The high fatality sample was intended to 
depict the worst possible safety conditions and provide key information on the 
frequencies of hazardous procedures or physical conditions. 

Paradoxically, a large percentage of the fatality mines displayed characteristics 
equal to or better than the 11control11 sample. There were a number of reasons 
for this situation: 1) a great many of the fatality mines were closed before the 
study was started, particularly the smaller mines, and substitutions were 
required that were not equal in our rating system; 2) many of these mines had 
been improved since the time of the fatality (fatalities), which could have taken 
place as early as 1966, although greater weight was placed on more recent 
years; 3) more safety consciousness on the part of mine management as a 
result of fatalities or for other reasons might have influenced this condition; 
and 4) most certainly, the 1969 Act has had a profound influence on mine 
conditions. 
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The average s afety conditions, however, between the t wo sample s were s ig­
nificantly different. This was the result of unifo r mly high standards in the 
model sampl e. On the other hand, it is reasonab le to assume that the hig h 
fatality sample is mo re r epresentative of the total mine population . 

W e should also note that the names of the specific mines c ooperatin g in this 
s tudy have b een and will continue to be treat ed as confidential information. 
T h e design of the total sample provided the inputs n ecessary to i dentify h az­
ard s and formulate p r op osed solutions. With the benefit of hindsight , it i s 
obvious that the str ucture of this sample contribut e d significantly to the 
d e v e lopment of information. 

III. MINE C ONT ACT S AND VISI TS 

After designing the sampl e and selecting candidate mines based upon their 
ability to fulfill the requirements of particular categorie s, TB & A con s ultants 
contac t e d owners and operators by l etter a nd t elephone. t o make arrangements 
for mine vis its . T h e o verwhelming majority of operators responded positively 
to our ini tial i n quiry. Ove rall, approximately 90% o f t he o p erators contacted 
granted our consultants permission to e nter their mines and reco rd data . Al­
ternate sample mines were substi t u ted for t hose fo:- which e nt ry permission 
could not be o b t a ined. 

A major factor in the suc cess of TB & A in gaming entry into such a c ro ss­
sec tion of mines thr oughout the country was the enlistment of the operators' 
e nthusiasm and support for the project at the time of the ini ti al contact. T heir 
cooperation was ob t ained by r ecording thei r opinions and j udgements with r egard 
to a range of technic al and economic minin g issues confron ting the industry. 
Opera tors we re p a rtic ularly voc a l i n t h eir cri t i cism of certain parts of the 1969 
Health and Safety A c t. 

The field t r ip began wit h visits to several large captive min es with r eputations 
f or "sparing no expe nse" and overlooking no potential innovation for improving 
s afety. The se initial visits gave us some feel for the operational , tes t ed value 
of certain approaches to safety under various conditions {e . g., m obile roof 
trusses for temporary sup port at the iac e} and suggested a real-worl d standard 
of compari son by which we could evaluate the high fatality mines which we visited 
nex t . 

A typi cal m ine visit engaged the t ime of 0ne consultant for an entire work - we ek. 
A normal sch edule would be represented l:;y the following sequence of events: 

• Monday A r rival at mine, meeti1:g with owner, operator , and/or key 
management people; explanation of purpose of study to man­
agement; interview one or more key management people 
(owner, operator, superintendent, mine foreman, e tc.); tour 
o f mine fac ility and assessment of spe cial circwnst ances of 
mine; contact and possible meeting with local USBM offic ials. 



• Tuesday Industri al engineeri n g analysis (underg round). 

• Wednesday - Industrial engineering a nalysis (underground). 

• Thursday Industrial engineering analysis (underground). 

• Friday Summarize r aw data; a sk que.;; t ions generate d as a result 
of underground obs e rvati on s. 

TB&A consultants normally spent four weeks in th e field (i.e., four mine 
visits), before returning to Los Angeles for one to two weeks to meet , ex­
change experiences and observations, perform a gene ral analysis of data, 
and develop recommendations. 

During underground data c ollecti on, cons ultants norm ally observed a different 
working s ection each day (8 -hour s h ift) in order to gain an overview of the 
mine's entire operation. Swing and midni ght pro duction shifts were also ob­
served wheneve r pos s ible. 

Consultants normally worked without special escort, entering the mine with 
the crew at the beginning of the shift. Crews were briefed that we were 
neither their company' s time study men nor USB M officials, but rather re­
p resentatives of a priv ate company under contract to USBM for the purpose 
of improving underground safety. Without exception, under grou nd super­
visors and crews rendered the fullest cooperation and support to TB&A con­
sultants in data gathering, 

IV . DATA COLL E CTION 

The data colle cti on form s used by TB -& A consultan ts are shown as Exhibits 1 
throu gh 7 presented at th e e n d of this chapter. 

Exhibit 1 is the questionnaire used by our c onsultants to interview mine manage­
ment personnel. The questionnaire was not given to the interviewee, but was 
instead used as a guide and p rompter by the consulta nt i n engaging the int er­
viewee in informal conversation. Quite oft en, the intervi e wee had so much to 
say in response to a particular quest ion that all q uestions could not be covered. 
The questionnai re's primary va lue was in channeling the inte rviewee's comments, 
within broad b oundaries, toward a discu ssion of mine safety. 

T he operator interviews resu lte d i n t wo significant benefits to the study: 1) They 
provided a wealth of t echnic al backg round i nform ation, examples, insights anec­
dotes, and even quantitative d a t a regarding safety, This interview information 
increased the technical compete nce o f the consulting team, gave them an im­
portant h i storical perspective concernin g trends and issu es in mine safety, 
and, most of all, prov ide d the team with a fr a nk and h onest sounding board for 
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testing tentative ideas and recommendations developed during the course of 
the study. 2) The interviews rtb r ok e -the -ice" with a numbe r o f owners and 
operators, allowing TB & A consultants to get to know them and their man­
agers as people, and consequently led to greater mine accessibility and 
greater support for the study. The interview responses are not. presented 
here as a single b ody of data; instead, the significant data derived from thes e 
unstructured intervi ews have been abso rbed into the body of this report as 
they relate to a particular subject. Various recommendations , observations . 
modific a tions of time study data, e t c . have bee n influenced by the intervi ews 
where appropriate. 

Exhi bit 2 shows the data sheet used to record general information concerning 
the mine visited. Mos't of the data r equired to complete this form was obtained 
during the interview sessions. 

Exhibit 3 is the Section Data Sheet, normally taken underground by the consultant 
and completed with the as sistanc e of the section foreman during the working 
shift. 

Exhibit 4, the Sketch Sheet, was used underground as a tool for making graphic 
notes concerning unique operations, hazardous incidents, or work element 
deviations. This form was originally intende d to rec ord w ork element pictures 
fo r multiflow p roces s charts. Standard mining operations b ecame so famili a r 
to our consultants that the use of the form for this purpose proved unnecessary. 
It was. however, especially useful in recording complex man-machine inte r­
actions such as crew and machine position and movement in low s e am, auger 
mining. 

Exhibit 5, Time Study Observation Sheet, served as the primary underground 
data collection sheet for recording work element breakdowns and cycle times . 
During a normal shift, the consultant might complete 6-10 of these forms 
containing complete and partial work cycle t imes on various ope rations 
continuous mining, roof bolting, unde rcutting, shot firing , etc. 

Exhibits 6 and 7 are the forms used to recap r aw field data. Exhibit 6 , Time 
Study Recap Sheet, i s m e rely a summary s heet for developing average s for 
each work element such as "change bit11 (CB), 11 insert and tigh ten bolt11 (IB), 
etc. Work element times varied over an extremely wide range, depending 
upon conditions (see 11Typical Work Cycles11

, Chapter 4, Volume III), and 
average times d id not always prove to be representative. Nevertheless, 
averages provided a starting point from which typical or representative work 
cycles could be reconstructed. Exhibit 7, C ycle Recap Sheet, was used to 
record the c hronol ogy and sequenc e of work elements fo r each work cycle 
observed, a long with the average times for the various elem ents in the cycle. 
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E XHIBIT l 

MINE OPERA TORS' Q UESTI O NNAI R E 

1. What new state o r federal l awa do you have most difficulty complying with? 

a. What specific problems do you have b e cause o f these laws? 

b. What a r e the con tradictions that exist between the state a n d federal laws ? 

c. How w ould you m odify o r change these laws so they can help you? 

d . What kind of additional cos t s do you i n cur b y these new laws? 

e. What effect do the se new laws have o n safety , if any ? 

2 . What kind of relationship do you have with the inspectors? Do you wo rk togeth er? 

a . H ow comfort able are you with their judgement or \Ji,ith criticisms 
they may have about your n1ine? 

b . What h appens when you protest the inspector ' s j u dge ment ? Have you eve r 
gone over h is head? What do you do? 

c. Wh at is the inspector 's role and wh at type of relationship does he have 
with foremen and workers? 

d. Would you object t o being rated by a mine inspector? 

e . If you were director of USBM how wou ld you manage and dire c t th e 
inspectors? 
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EXHIBIT l 

AREA DIMENSIONS: 

3 . What type of beam and/or bolt roof plan do you use? 

a . How was this present plan derived? 

b . What kind of a relationship does it have to roof falls? 

c . Do you use trusses, metal strips , s creens, etc? 

d. When can you have too much support? 

4 . What is you r standard face width? 

a. How did you arrive at that width? Does it fall within the law? Are ycu 
satisfied with it? 

b . Is this working face width safe? 

5. W-ha t i s the standard size of your entries and intersections? 

a . How did you arrive at that width? 

b. Are you satisfied? Is it safe? 

6. How do you establish a work or production pace? Do you measure performance? 
How? 
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EXHIBIT l 

a. Which rate, a slow or quick pace, creates a more hazardous condition? 

b. What common problems caus e the production rate to vary? 

c. What type of incentives do you use? 

7 . How can you measure a worker's judgement? Can it be measured? 

8. What are some unusual activities you have observed in the mine? 

a. Are they, in general, more hazardous? 

b . What positions in the mine tend to be more hazardous than others? 

c. How many accidents have you heard of that relate to unusual activities 
performed by the miners? 

9. Given this grid, where are the roof falls mos t likely to occur, under a 
s upported roof and under a non- supported roof? 
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E XHIBIT 1 

10 . What are some of the danger signals that indicate a roof fall , a rib burs t, etc? 

a. Can y ou t e ach these signals to the miners? 

b. Can you also learn to spot other events such as, c racks, slips , etc. ? 

c. How do you handle faults? Cracks? Outbursts? .:Etc.? 

11. How do you kee p your men work ing unde:: safe c onditions? (e . g., supports) 

a. Are they s a fe ty conscious? 

b. What type of safety program uo you have? Do yo'L. give training? H ow 
long and h o w often? 

::: . Does the foreman enforce safety conditions? What type of pressure is 
placed on him by management to enforce safe conditions? 

d. Wh at type of pressure does management give to create safer working 
conditions? Who gives criticisms ? 

12. What type of training program do you conduct for your employees (forem en 
included)? 

a. What doe s i t consist of? Where is it held? When? Are employees paid 
for it? 

b . How new is the inf ormation given? Where is it obtained? 
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EXHIBIT 1 

13 . What types of equipment do you use in your mining process? A re they safe? 

a . Are you satisfied with them? Problems? 

b . What kind of relationships do you h ave with manufacturers? 

c. Do the new fede r al requirements caus e you grief? New accessorie s? 
Additional costs? 

d. How would you design or modify these machines to increase safety 
and production? 

e. 1Nbat kind of maintenance problem& do you have? 

14. What kind of relationship do you have with the unions? 

a. Do you work together? 

b. What rules bothe r you the most? 
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M INE DA T A SHEET 

Company ____________ _ Mine Location 

Daily Tons Produced: Gross Net No. Shifts No . Section s ___ No . Se cti ons/Day ------

Total Employment: Above Below Maint. Total E~apsed Hour8 / Man-Shift_, __ 

F i rst Shift 

Second Shift 

Third Shift 

Total 

Coal Seam Min e Depth a nd Dimensi ons (Developed) ---------------

t:i::1 
:>< 
::r:: 
H 
t:d 
H 

1-1 

N 



DATA SECTION SHEE T 

Date Mine Section Fore rnan I.E. ---------
Mining M ethod (A, CT, CV) O. B . ' - - --- Seam Ht. Roof H t. Support Plan _ ____ _ 

Face Grade: Decline L ---
0 0 

R F 0 , A ---
0 

, L evel ( ) --- Supp ort Deviations --------
Lith0logy: ___ _ _______ _ _________ _ Anomalies : -------------------------
Miners by Job Titles: Total: -----
::Squip. by Model # & Qty: _ _________ _ _______________ ____________ _ 

Shuttle Cap. Tons RR Cap. Tons SC Ld ~ Tons RR Ld. Tons # Cuts /Shift --------
Tons/Cut ---

3 
~ Depth of Cut I Ft /Cut _ _ _ Tons /Man .. -Shift --- Length SC Run ---- to 

Man-Trip In --- Minutes Man-Trip Out Minut es Lunch Period Yes/No Lunch Period --- M~nutes ----
Highest Methane % Known? Ventilation Quality ------ Escape Routes -------
Cormnents: --------------------------- ------------------------ -----r- 1 11'"1 
I DtDtD DC: Show: 

1. Tram routes including 
shuttle car 

2. Faces 
3 , Dimensions 
4. E qu ipment positions 

Show Pillarir,g 
Sequence 

M 

IDDDDI_L 
I DDDDI' 

t. T 

.1 0 DD DJL 

IDDDDI 
IDDDDI 
IDDDDI 
IDDDDI 

Do above for start and end 
o f shift only. · ~ ::r: 

I-< 

b:J 
1-1 

1-1 

1nririri.1 rlrirtrll w 

Start of Shift End of Shift 



EXHIBIT 4 

SKETCH SHEET 

Average Time ___ _ 

Average Time----

Average Time ___ _ 

Average Time ___ _ 
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EXHIBIT 5 

TIME STUDY OBSERVATION SHEET 

Shift ----------
Mine ----------------
Section ---------------

Operation 

Cont. Subtr. 
Element Description Time Time 

I.E . - -------
Sheet --------
Date --------

Equipment 

Element Descript ion 

~6 

Cont. Subtr. 
Time Time 
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-..J 

t A1ne~-- ~--~--~--~--~-

CT /CV Section ----- ----

#Men/Machine Crew ----

TIME STUDY RECAP SHEET 

I.E. _ __________ _ 

Coal Co.-- ------------- Dat e 

Operation -------------- Equipment ________________ ._ 

Entries=Black Totals=Red Averages=Green 

M 
>< 
::r:: ..... 
b:I ..... ..., 
O' 



CYCLE RECAP SHEET 

Mine ------------
Operation _________ _ 

Element 

Coal Co. ----------
Equipment ----------

Element 
Time 

t.8 

Subcycles 

EXHIBIT 7 

I.E. ----------
Date ----------

#Men/Machine Crew ---

Subcycle Subcycle 
T ime Freq. 
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SECTION II 

FATALITY REPORT ANALYSIS 
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CHAPTER 3 

THE FATAL ACCIDENT REPORT DATA BASE 

L PURPOSE O F FATALITY REPORT ANALYSIS CONTRACT 

A. Original Purpose of FRA 

The objectives of performing fatality analysis as part of the Industrial 
Engineering Study have evolved considerably during the course of the 
study . The study' s original Statement of Work for fatal or non-fatal 
injury accident analysis read: 

11 To obtain existing Bureau of Mines accident fatality data, 
attempt to normalize the data with respect to manhours 
exposure or production and assess the principle causes 
of these accidents. 11 

The focus of the original Indust rial Engineering Study (and hence fatality 
analysis) was roof fall accidents. A Bureau research group in Spokane 
performed a preliminary analysis of 1966, 1967 and 1968 roof fall acci­
dents and found a disproportionate number of roof fall fatal accidents 
occurring in mines having certain seam heights and using certain pro­
duction methods. The study also documented a need to normalize the 
number of accidents occurring under particular circumstances by the 
frequency with which those conditions occur in the industry. 

In the first phase of the Industrial Engineering Study, the fatality re­
ports were hand tabulated along such dimensions as seam height, style 
of mining, production class, etc . These tabulations assisted in deter­
mining what types of mine conditions were relevant to roof fall fatalities. 
Work cycle variables were also coded to indicate the more dangerous 
work cycle elements. These fatality reports were then used to help 
s elect representative mines to visit and to emphasize critical work 
cycle elements to be observed during the field study phase of the I. E . 
Study. 

As the field study p rogressed, it became necessary to analyze the fatality 
repor ts in greater detail. The field observation t eam needed to know 
more about the production operations which were most commonly asso­
ciated with the highest number of accident fatalities in order to perform 
a more precise analysis of potential accident situations. Such factors 
included lithology of the roof and floor, seam thickness, depth and 
dimensions of the mine, the mining method, the coal bed, the worker 
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job classification, the dimensions of the work place, the kind of support 
used, the type of equipment, and the roof support plan. Hence, while 
the number of variables of interest grew quickly, no such detailed data 
was available from the Bureau except in the narrative fatality reports. 

Many variables chosen for coding from the fatality reports were sug­
gested by the field engineers who had made industrial engineering studies 
of work cycles in mines, observed lengths of hazardous roof exposure, or 
spotted work elements that seemed especially dangerous. In order to 
determine the relative degree of hazard of the observed conditions, the 
team needed to know how ma

1

ny fatalities had occurred in similar situations . 
This information was also needed in order to evaluate foe potential benefit s 
of a specific improvement proposal in terms of decreased fatalities. 

B . Expanded Purpose of FRA 

By the start of the second phase of the field study, our analysts had estab ­
lished a primitive computerized data base composed of those variables 
thought to be related to fatalities . The advantage of the computerized 
data base was the capability it gave us to instantaneously combine several 
coded factors and determine that combination I s resulting fataiity frequency. 
Hence, this 11 live11 data base became increasingly important in analyzing 
the relative significance of phenomena observed underground. 

Based on the initial success o f the computer data base, the first m od­
ification to the basic I. E. Study contract included a small add-on contract 
for accident analysis. The scope of the new study included : 

1) Analysis of new fatality variables on the computer . 
2) Suggestions for revising the accident reporting p r ocess . 
3) New accident analysis concepts or models whi ch would 

be relevant to the Bureau of Mines' research efforts . 

The data and statistics whi ch will be illustrated in this volume are based 
upon coded fatality variables that have been revised several times. Each 
time the industrial engineers returned from a field study of a new safety 
problem, they suggested expanding or revising the existing fatality vari­
abl e coding. As new variables were coded and tabulated the results often 
indicated that the interval scale for the variable needed revision. Many 
variables had to be recoded because the scale did not extend far enough, 
was not sufficientl y sensitive, or because certain important factors were 
omitted. Thus, through trial and error the data base was improved, but 
the reader may also see opportunities to further refine and significantly 
improve the variables shown in this report . Hopefully, these variables 
will be revised in future work on this data base. 
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It should b e e m phasized that mcgt of the variables coded for the da ta 
base were influenced by previous Bureau studies and by classificatio n s 
used by the Department of Accident Analysis in the Bureau. Howe ver, 
several new variables were also tested. Some of these have not p ro­
duced satisfactory or reliable information and wili be droppe d ; others 
need revision to furnish more accurate information. Many of thes e n ew 
variables, we believe, provided valuabl e insights into the reason s for 
the occurrence of fatal accidents. 

Since the Spokane report ( 1 66 - 168 roof falls ) w a s not made available to us 
until July, the coding and analysis of the two studies were almost com­
p l etely independent of each other . The roof fall variables analyzed in our 
study basically agree with all of th e. observations made in the Spokane 
roof fall study, with the exception of roof fall s i ze. Both studies c onfirm 
the fact that without normalizing data .:,f industry roof cont r ol plan s 
and/ or actual roof control practices , much of the data cannot be made 
meaningful. 

II. DESCRIPTION OF T HE FATAL ACCIDENT DATA BASE 

A . Fatality Report Source Document 

The source document for the data base established under this cont rac t i s 
a narrative accident investigation report. A Bureau of Mines inspe ctor 
investigates the accident and prepares this valuable report, usually with 
the assistance of a union safety committee and representatives of the 
company management. It is a requirement by law that all fatalities be 
reported to the U.S. Bureau of Mines. 

The data base ' consists of 84 coded variables , emphasizing roof fall 
accidents. Of course, not every variable applies to a single acciden t as 
many of the variables are mutually exclusive . There are approximately 
48 general questions (30 objective and 18 subjective) , 21 roof fall 
questions and 15 miscellaneous questions app:i.ying to equipment and other 
factors . 

Most of the variables are re s tric ted to 12 value s simply because th e re are 
12 single punches available per colurrm on a Hollerith c ard. Howeve r , 
there are s ome variables for whic h multiple c olumns were alloc ated . Each 
single- column question was g iven a code number from O through 9, or a 
coded 11 or 12. In the case of double columns the c odes would range from 
00 to 99, or 000 to 999 for three col umn questions . Exhil: it 1 is an index 
to q uestion topics and Exhibit 2 i s the actual fatality report analysis qties­
tionnaire used to c ode the fatality reports. 
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B . Data Base Computer Software 

The data base was prepared as specifie d for a cornrnercial software pack ­
age called 11 QPAK11 which is offered by the Inte r national Time sharing 
Corporation of Minneapolis. The data file physically resides on a disc of 
a computer in Minneapolis and is available virtually all over the country 
by way of the telephone system and a teletype terminal. 

The software is a combination of a cross-tabulation program with Bool ean 
logic capability, a formatted report writer, plus a convenient stati s t ical 
analysis library. The software permits a person to determin e the frequency 
of occurrence fo r any variable and a sub-category by typing its label or 
name. With a few typed c ommands , either a tabulation of indi vidual var ­
iables or a cross -tabulation table between one or more vari abl es can be 
easily developed. These tabulation tables can be made more complex by 
restricting the t abulation tables to B oolean c ombinations of c ases in which 
a third or four th or fifth variable must have occurred. These restrictive 
variables a re called "limiters" a nd provide an enormous range of tabulating 
possibilities to the user. 

The gener al capability of the computer in this kind of analysis cannot be 
unde r estimated. F or instance, consider the a mount o f t ime require d to 
manually scan the coding sheets for 700 accidents and tally the s imultan­
eous occurrences of certain codes within five columns. Such a task would 
take a considerable amount of time and is subject to a high error rat e . On 
the computer this process can be performed in a few se c onds without errors 
(as surning no coding errors) and the results cost l es::: than $1. 00 per table. 

An important aspect of the compute r tabulation versus the manual 
tabulation is the r eluctance of engineer s to submit thems e lves to the drud­
gery of man ual tabulation. Q uite a number of research personnel in the 
Bureau who have heard about our data base have shown us partial manual 
tabulations they have abandoned. With a computer, the investigator wi ll 
be able to obtain more information in greater detail than with manual 
tabulation. 
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C . Data Base Description 

The data base developed by Theodore Barry and Associates consists of 
731 fatal underground bitu:minous coal mining accidents, representing 831 
victims , which occurred from J a nuary 1966 through Decemb~ r 1970. This 
is not the total official number of fatal accidents or victims oyer the five­
year period because we had not received several reports when the dc1.ta was 
coded and processed. We also did not code explosicn accidents, including 
two explosion disasters totaling 87 victims., Thus, the 73 1 coded accidents, 
pl.is the two explosion disasters with 87 victims, represent 918 of the 966 
official fatal underground victims, or app.':"oximately 95% of the official total. 

In each multiple victim accident, the data base currently contains the in­
formation on the one victim who we felt was either the most responsible 
for the accident or most involved. For instance, in a mantrip accident 
with 9 fatalities, the age , occupation, and experience of ea.ch victim is 
not especially meaningful for analysis purposes . Biographical information 
on victims who had little to do with the accident occurrence could be mis -
leading if included in the data base, On the other hand, information about 
the driver of the mantrip locomotive who was careless and caused the ac­
cident is important and is in the data base. One shortcoming 0f the presen t 
data base is that if the person causing the accident was not a victim, no 
information is recorded for him; this will be corrected in future work on 
the data base. 

All frequencies in the exhibits shown 1n this report represent the number 
of fatal incidents rather than the number of victims involved in accidents. 
Cur analysis as surnes the circumstances surrounding a fatal accident are 
of more importance in reconstructing fatal accident patterns than the r .um-­
ber of lives lost. The data, however, can be used to approximate the mun­
ber of deaths as the ratio of accident incidents to accident victims is vety 
close to a one - to-one ratio. In fact, the ratio of incidents to victims for 
the data base is 1 to l. 14. 

A more exact figure for the number of fatalities can also be obtained, if 
desired, as the number of fatalities per accident have been coded and can 
be tabulated against any combination of facto:rs '.vhich simulate the pattern 
of accidents . For example, if there were 145 accident incid~nts in inter­
sections, we can determine the total number of victims killed in intersections. 

In swnmary, the data base has been const:cucted in te:i:ms of number of 
incidents to most significantly reconstruct the circumstances leading to 
a fatal incident. Information on the one victim judged most relevant to 
the accident is included in the data base to avoid irrelevant information 
and misleading conclusions . When desired, the exact number of fatalities 
can be determined from the data base for any s et of accidents. Exhibit 3 
provides a complete tabulation of all coded variables in the data base. 
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III. LIMITATIONS OF THE PRESENT FATAL ACCIDENT DATA BASE 

A. Lack of Normalized Fatality Data 

The biggest handicap in using the current computerized fatal accident data 
base is the lack of knowledge or information about the industry as a whol~ 
that would permit one to normalize the frequency data of certain important 
variables. For example, while knowing the number of men killed in various 
seam heights is valuable, knowing the number killed relative to manhours 
worked or tonnc1,ge produced in those seam heights is more meaningful This 
is especially true if certain seam heights have a disproportionate number of 
accidents. Other examples of the kind of industry data needed to normalize 
our pre sent data base are: 

• Production manhours in given mine categories: by seams, 
seam heights, geological roof classifications, etc. 

• Roof control plans for all mines, including room and inter­
section geometries and dimensions, bolt typeR and dimen­
sions, and pillar recovery sequences and dimensions . 

o Equipment configurations , crew assignments, and manhou1·s 
of operation. 

Obvio1,1sly obtaining industry-wide data on certain variables is essential if 
the data base thus far established is to be utilized to its greatest potentia1... 

B. Non-Fatal Injury Accidents 

Analyzing only fatal accidents ignores the problems associated with certain 
types of non-fatal injury accidents which, in dollar amounts, cost the in­
dustry far more than fatal accidents. The causes of the two types of accidents 
may or may not be related. For example, certain non-fatal injuries to the 
hand or foot are not likely to be closely related to fatal accident occurrences; 
however, fatal and non-fatal roof fall injuries are probably closely correlated. 
Thus reporting and analyzing circumstantial accident variables for non-
fatal injury accidents is important and independent of fatality accident data . 

Moreover, the annual fatal accident frequencies in various categories a re 
often too small for meaningful analysis . One way to expand the fatal accident 
data base is by g rouping fatality frequencies for several years. This, how­
ever, tends to create an obsolete data base and can lead to erroneous inter­
pretation of the causes of today's accidents . This is a serious drawback of 
the current TB & A fatal accident data base utilizing data from 1966- 1970, 

.. 
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The number of m ines in t hat time period have decreased from over 5,000 
to about 2, 500 and the effect of the 1969 law is almost totally obscured. 
However, de t ailed information on fatal accidents is virtually all that is 
available to the Bureau for analysis, and without grouping the five yea:rs 
( 1966- 1970} the frequencies are too small for reas enable statistical 
analysis. 

Another way to expand the data base, presently comprised of fat al accident 
information, is to add data on non-fatai injury accidents. This would have 
the effect of greatly increasing the size of the data base as there are ap­
proximately 40 times as many non-fatal accide nts as fatal accident s . 

This non-fat al injury data is r eadily available. It is provided by c ompc1.nies 
to the Bureau of Mines who sends it to the Ac cident Analysis Department. 
The Bureau requires the data within 30 days of the accident, except 
for small mines . The accident report presently consists of either a one 
page report with standard questions, or a state workmen compensation 
form. 

Unfortunately very little circwndantial data is repox·ted on the n on -fatal 
injury data forms . In addition, the information reputedly is not always 
reported faithfully by the companies. Furthermore, the Bureau does not 
usually c onduct an investigation of the accident. 

Despite these problems a far more powerful and up-to-date data base 
could be developed by improving the non-fatal accident reports - - for 
example, increasing the number of reported variables on a simple easy­
to-use coded form . 

We have been told again and again by Bureau research per sonnel that 
many of their resear ch projec ts seriously suffer from the lac k of de­
tailed statistical data on the circwnstantial data assoc iated with accidents . 
We believe an urgent need exists within the Bureau to report important 
key variables associated with non-fatal injury a c cidents . 

Equ.ally important, we a re convinced that the data base need s to be in a 
user- oriented form such as the computerized data base built as part of 
this contract for fatality data. Only when Bureau personnel can quickly 
and easily test l arge numbers of variable combinations can they ade­
quately discover critical relationships, define problems, set research 
and inspection priorities, and monitor accident suppression progress . 

35 



C. Lack of Non -Fatal Accident Report Format 

The major problems with the r.arrati v a a c cident reports are that: 

1. The prepar ation and reaciing time is sJ.ow because of the narrative form. 

2 . The data is not now consistently o :..· p r eci s ely reported . 

3 . Subsequent c oding introduc es b i as, time delay, and ;1igh c os t . 

The nar rative reports, each describing a fatal coal mining accident, we re 
not really designed to provide data for a detailed research data base s uch 
as the one established under this contract. Rather, they were merely to 
s erve a s a convenient way to disseminate a description of an a c cident to 
a l a rge number of people both i n and out of the Bureau, including union 
offic ials , c ompany officials and research centers . While the narrative 
description, especially the description of events preceding the accident, 
fulfills many important needs , all subseq uent analytical accident analys is 
mus t al so be derived from the na:r.·rative descriptions . 

Under the p1esent process. T heodore Barry and Associates anal ysts as 
well as the Bureau ana:i.ys t s are forced to go through the narrative reports 
t r ying to find certain data variables . In the 1966-1970 reports, data was 
not consistently reported. In many cas e s it was very hard to interpr e t the 
narrative description of c e1·tain data. var iables of interest. Consequently 
a degr ee of reacier bias may have been introduced. In other c ases impor­
tant data was not reported at all, and i t was almost impossible to obt a in 
missing data for 1966 a c cidents. 

Fortunately, the i 970 fatal injury a ccident reports were significantly b etter 
than p r evious reports , and i:he 197 1 reports that w e have read are better 
s t ill. Nevertheless, we feel the fatal accident reporting process is still 
inefficie nt, inexact, and inconsistent. 

The most inefficient part of t he narrative fa t a lity report is the requirem e nt 
that the accident investigator comFose long narrative sentences for c ountl ess 
quant itat ive facts that are routinely requir ed for eve r y report: victim age , 
m i n ing experience of vic t im, seam height , etc . In our opinion, both the 
report p reparat ion time and fo.e report r eading time c oul d be drastically 
s h ortened by a tabular pres e ntation of rout ine data as shown i n E xhibit 4. 
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Tabular or coded data would also remove a needless level of abstract::.01: 
and opportunity for bias aD illustrated i n the follcwing diagram: 

FATAL EVENT 

STATEMENTS OF WITNESSES+ EVIDENCE 

INVESTIGATING TEAM 

--- --., 
WRITTEN FATALITY REPORT CODE DATA I 

LIVE DAT p_ BASE 

,----' 
I 
I 
j 

As you can see an effective way to reduce this l evel of abstraction would 
be to have important routine variables coded dire ctly by the inspector 
investigating the accident. This direct coding would be particularly ad­
vantageous in the cases of questions that involve expert judgement. M ore ­
over, the investigator is less likely to omit vital data if he is using a co ding 
form. 

Direct coding was adopted with great success in Germany in 1954 
and was computerized there in 1964 and 1965. The German govern­
ment not only investigates fatal accidents with coded forms but also 
t rains, authorizes and requires a company official to investigate and code 
serious injury accidents (i.e., those accidents involving more than 3-days 
lost time from the job). Their report preparation takes less time than in 
the U.S. and their reports often contain more helpful information. 

The major reasons for directly coding certain parts of the accident report 
in the field are: 

• To guide the investigation. 
• To reduce preparation time of report. 
• To reduce report reading time. 
• To enable key punching directly from the code form thereby 

eliminating costly time delays and thousands of subsequent 
tedious coding hours. 
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• To obtain more consistent, precise reporting of data. 
• To eliminate opportunity for subsequent coding bias. 

We feel that the Accident Analys i s Department should assume the respon­
sibility for developing uniform codes compatible with a computerized data 
base. The new coding form should be prepared with great care after 
consulting with all the resear ch centers and the Inspection Department. 
Finally, it should be fie l d tested and debugged before compl ete adoption. 

IV. PROPOSED FATAL ACCIDENT REPORT FORMAT 

While the proposed format for reporting fatality information would be more 
structured than the present system, it would not eliminate valuable narrative 
sections. The proposed concept resembles the roof control plans where 
r out ine questions are listed with spaces for answers . This ensures that 
routine factual information is not lost thr;::>ugh inadvertent omission. The 
new forms would also permit direct coding of answers by the inspector. A 
wide l eft margin would contain squares for the numerical codes , and liste d 
below each question would be all possibl e responses with their appropriate 
code. The inspector could write the answer in the space provided after the 
question and then either scan the list for the corresponding code or have all 
the coding completed at his office . 

In either case, the report itself woul d be used directly for keypunching or 
optical scanning, thus eliminating the present operation of reading the report, 
refer r ing to a master coding index and filling out a separate keypunch coding 
sheet. With the proposed format, the keypuncher woul d read down the left 
margin and keypunch the appr opriate columns . 

Use of a structured reporting form which permits direct translation from 
investigation ~o computer has nwne r ous advantages . 

1. It will permit standardized and mo r e precise questioning. 

2. It will guide the inspector• s investigation time and re due e his report 
preparation time. 

3 . It will reduce the inadvertent omission of information. 

4. The reader will be able to scan the report more quickly to locate items 
of interest . 
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5 . T he fatal acddent data bank car, be directly updated without delay .. 

6. Summary statistical reports can be gener ated via the computer rather than 
time-cons-..iming manual write-ups. 

T he proposed reporting format would consist of several section a - - int r o ­
ducti on, narrative, sketch, and an appropriately coded data section. The 
introduction would include a short summa.ry of the accident, the details on 
Bureau notification, and the investigating committee. The narrative sec­
tion would describe the events leading up to the accident, any special cir­
cumstanc es or obsex·vati ons, and recommendations. The data section 
would c onsist of the following sections ; 

a. Mine data (if not captured by new planned Bureau mine d ata bank) 

b. General a ccident data 

c , Victim data 

d .. Supervision data 

e. One of the following types of accident data sections 

1) Roof fali 
2) Haulage 
3) Machinery 
4) Electric al 
5) Explosion 

Hopefully a similar, although possibly less detailed, form could be developed 
and adopted for non -fatal accidents. 

W e foresee the following possible chain of e vents when a fatal accident is r e p orted 
to a subdistrict office : 

I . The inspe c tor would key into a remote terminal the USBM serial # fo r t h e 
mine involved (taken from a master list) and generate: 

a. The mine data section 

b. The h istory of the mine (violations, abatements, past accidents) 

2. The inspector could also, if desired, key in a code corresponding to the 
gen eral mine characteristics (seam height, roof composition, etc.) and 
receive a profile of accident frequency for conditions surrounding the type 
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of accident t:hat occurred. (For instance , code II D11 mines with three­
foot seams and laminated shale roofs generaily have roof falls averaging 
140 square feet and need special roof control plans). The "accident 
p r ofilerr would then guide the inspector as to mine condition combinations 
~o investigate , especially if the inspector were not intimatel:r familiar 
with that particular mine . 

3. At the mine, the inspector would briefly review the mine data section with 
management, noting any changes, and proceed to fill out the appropriate 
accident forms . 

4. Back at the office, the inspector could then write up the narrative from 
his notes while the coding was being completed, checked, and entered into 
the terminal by his secretary or clerk. 

The above sequence of events may seem exotic to some readers, but the 
ideas involve current technology at reasonable costs . 

An e xam ple of the proposed coding sheet format is presented in Exhibit 4 . 
The questions and codes illustrated in this exhibit are not necessarily those 
questions or codes that we would recommend for the actual code form to be 
us e d. 

Some of the new variables analyzed by our staff may be a useful place to start 
when designing the questions . However, so many Bureau personnel will have 
to use the data from the fatality reports and so many inspectors are involved 
in preparing these reports, that we feel it would be p r esumptuous to design 
the coded forms without consultation with a reasonable representation of these 
Bureau personnel. 

The de sign of the questions should also involve consultation with all the re-­
search centers , inspection offices, Department of Accident Analysi s and 
r epresentatives from the Data Proc e ssi ng Department to formulate a set of 

·u s eful, simple , reliable, standardized variabl es or questions . 

If the Bureau were to adopt the coded accident form idea, we would furthe r 
advise that the forms be pilot tested before adoption . Moreover, the temp­
tation of designing unwieldy, long and complicated forms must be avoided, 
otherwise the inspectors will be likely to resist and resent the new system. 
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"'·' • RELEVANCE OF THE EXISTING DATA BASE TO FUTURE BUREAU 
RESEARCH AND ANALYSIS 

Some Bureau per sonnel have expressed doubt that either the existing data 
'::>ase or a revision of the existing data base will be valuable to the Bureau 
except for comparison purposes . They argue that the full impact of the 
1969 legis l ation did not occur in 1970 and that one cannot validly compare 
r oof - plan deviations in fat~l accidents which occurre d in 1966 versus 
1970 or 1971. 

Cert ainly this doubt is well founded for certain var iable s whose d efinitions 
have changed directly or indirectly because of the 1969 legislati on. T he 
.meaning and implication of the common phrase "viol ation of the existing 
roof control plan w.as a major causal factor h1 this roof fall accident" have 
changed dramatically between the writing of the 1966-69 and the 1970- 71 
fatal accident reports . Obviously, the definition and importance of other 
factors have also changed, 

It i s not obvious, howeve:;.o, that certain accident factors wer e p;,·ofoundly 
affected by the law. Many factors showed no significant rate occurrence 
trends over the five years. It is not clear from t he fatality reports th at 
certain t ypes o f accidents occurred any differently in 1970 than in 1966, 
nor is it clear that these accident types will occur any differently i n the 
near future because of an anticipated impact of the 1969 l aw or chang es 
in inspection procedures. For example, training methods, job turnover, 
j ob substitution practices , and proliferation of non- standardized equi pment 
c ontrol s are likel y to remain roughly the game in the industry in 1972 or 
1973 as they were in 1969 unless something drastic occurs. If th es e 
factors are linked to the occurrence of equipment accidents, as suspected, 
then the current data base capturing these accident facto r s will be helpful 
only until these factors are no longer important. Moreover, how will the 
Bureau know that certain accident factor combinations have chang ed in 
importance unl ess the Bureau builds a detailed h i storic accident data base 
for comparative analysis? 

We hope that accident rates decline dramatically and that the existing 
data base of accident factors becomes obsolete very quickly. But i n 
t he meantime , we feel that this data base has continuing value to the 
Bureau, especially if it is modified and revised . We discovez-ed many 
opportunities for improvement as we utilized the data base to fulfill 
thi s contract, and many new opportunities will undoubtedly be discover­
ed by future users. 
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The potential users o f a data base similar to the one created by this 
contract should n ot be confined to those personnel in an accident analysis 
sect i on. We fe el many potential users could profit by d i rect access to the 
data base. Some examples might be Bureau research progr am managers 
desiring to as ses s priorities, research personnel desiring to formulate 
mote preci se research accident problem definitions, inspection personnel 
de s i r ing to assess enforcement priorities or effectiveness, etc. E ach of 
the above pot£·ntia l users has a particular need that cannot possibly be anti­
cipated by the analyst who maintains the data base. Hence, it is important 
that the a c cid ent data be retai ned· on a case-by- c ase basis so that unique 
accident factor combinations can be re <.:onstructed alm ost instantaneously 
by the computer. Direct access to the data base via timesharing or re­
m ote-batch processing facilities by the personnel in the A~cident Analysis 
Department would cut down unnecessary and expensive delay and encourage 
a greatly expanded use of such a data base . 

VI. SUMMAR Y OF RECOMMENDATIONS 

A. Sh o rt-Ran g e : Can Be Imple mented In The Next Year 

1. M ake the current Fatality Report Analysis (F RA) data base available 
to i nterested Bureau analysts via timesharing computer services. 
We believe that the accident analysis group, inspection offices and 
various research centers would profit from the opportunity to use 
the data base for reference in their own projects. A less d esirable 
but feasible short- range alternative is for Bureau analysts to re­
quest desired tabulation runs from our firm or a service bureau. 
The long-range alternci.tive to timesharing is the developm ent or 
purcha se of cross- tabulating software for the Bureau computation 
center. 

2. Update the current data base for 1971 fatal accidents. 

3. Rev:i.se the current FRA data base variables . Those most needed 
are equipment variables and more precise roof fall accident 
va.!'iables . 

4. Develop an interim normalizing data base on the industry in order to 
estimate rates (per man or per manhour) on key parameters and thus 
be able to assess the significance of many accident factors. Industry 
data is needed on job task turnover , training, roof control plans, 
equipment census, etc . 
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5. Begin development of a new set of variables to be recorded for fatal 
and non-fat.al injury accidents ., This should 1:-e a coordinated project 
between the various research centers, inspection personnel, and the 
accident analysis group. We believe that we have demonstrated the 
need and advantage of certain new variables; other Bureau analysts 
have similarly tabulated various variables . We'believe that much 
duplication of effort can be eliminated by a carefully coordinated study 
and development of a new set of standard accfdent variables. 

6. Develop a streamlined fatal accident report with code sheets for routine 
variables to enable direct keypunching from the field, thus reducing 
much of the report preparation time, reading time, and hopefully elim ­
inating most of the coding time. Development of this program s hould 

follow recom~-.nendation 5 above and be pilot tested before adoption. 

7. Develop a standard 1101,-fatal injury accident data form with a few key 
coded circumstantial variables. This form should also be a direct 
keypunch docmnent. Eliminate all state workmen compensation forms. 

8. Develop interim data processing resourc es for handling the three n ew 
data bases created in the above recornrnendations: fatal accidents, 
non -fatal accidents and mine census for normalization. The ideal data 
processing resource& should have efficient cross-tabulation software 
for rapid analysis of all three data bases, separately and in combination. 

B. Long-Range Proposals 

9. Develop a permanent mine census data base system suitable for nor­
malizing data from the accident data bases . (The Bureau is presently 
developing a mine census data base but it is not designed to normalize 
the accident data bases described above .) 

10. Develop computer programs to process routine accident reports com­
p lete with tables and text. Minor text revisions could be made manually 
on any really significant observation before publishing such reports. 

11. Make i:he three accident data l::as es conveniently aV'ailable to Bureau 
analysts in a us er-oriented computerized form . Analysts from Re ­
search, Inspection, and Accident Analysis should be able to manipulate 
accident data at will in any con<.:eivable combination for maximum 
utility in defining problems, monitoring problems, setting priorities 
or assessing cost/benefit relationships. 
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E XHIBIT 1 
FATALITY REPORT ANALYSIS 

INDEX OF QUESTIONS 

GENERAL QUESTIONN AIRE ROOF /RIB FALLS QUEST IONNAIRE 
Mine 
State 
Daily Tons 
No. Employees 
Seam Height 
Seam Slope 
Mining Style/Phase 
Wet or Dry 
Last Federal Inspection 

Accident Situation 
Type Accident 
Month/Year 
Time/Shift 
No. Fatalities 
No, Injured 
No. "lucky" Nonfatalities 
Who Best Prevent 
Machinery Deficiency 
Needed Equipment Feature 
Major Cause 
Two Contributing Causes 
Crew Activity 
Roof Height 
Foreman's Decision 
Management Policy 
Management T raining 
Management Safety Attitude 
Federal/Mine Regulations 

Followed 
Foreman's Instructions 

Followed 

Victim 
Age 
Mining Experience 
Task Experience 
Location 
Job Assignment 
Job Level 
Activity at Accident 
Vision Conditions 
Warned by Men/Mine 
Warned by Supervisor 
Supervision 
Communication 
Task/Practice Deviation 
Judgment 
Expedient Act 
Working Alone 
Precarious Position 

Page# 
1 
1 
1 
2 
2 
1 
2 

10 

3 
1 

3, 4 
2 
2 
2 
4 
4 
4 
8 
9 
9 
2 

10 
10 
10 
10 

10 

10 

3 
3 
3 
7 

9 
9 
9 

10 
9 
9 
9 
9 

10 
10 
10 
10 
10 

Fall Conditions 
Roof Composition 
Thickness 
Square Footage 
Distance from Rib/Face 
Fac e Entry D epth/Width 
Accident Area Size 
Percent Pillar Removed 
Last Roof T e st 

Victim 
Distance from Permanent Support 
Roof Exposure 

Su pport 
Percent o f Area Supported 
Type of Support 
Support line from Face 
Te_mporary Su pport/ 100 Feet 
Bolt Pattern/Length 
Rib Post Pattern 
Support Failure Nature 

(relation o.C fall to support) 
OTHER 
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Explo sion/Bump 
Overburde n 

Explosions 
Gas Classification 
Coal Dust Level 
Rock Dust Level 
Rock Du st Control 
Exp osed Ignition 
Ventilation 
Humidity 
Methane 

Haulage 
Clearance 
T1·ack Condition 
Communication 
Lighting 
Brakes 
Grade of Haul 
Power Self-Return to Neutral 

Page# 
4 
4 
4 
5 
5 
6 
8 
9 

5 
6 

6 
6 
6 
7 
7 
7 
5 

11 

11 

11, 12 



Questionnaire Page 1 

QUESTION LABEL 
(VARIABLE) 

STATE 

MOHTH 

YEAR 

DALYTONS 

# EMPLYD 

MINESTYL 

EXHIBIT 2. 

THEODORE BARRY AND ASSOC IA TES 
U. S . BUREAU OF M INES 

COAL MINE SAFETY STUDY 
FATALITY ANALYSIS QUESTIONNAIRE 

RESPONSE 
LABEL 

ALABAMA 
ALASKA 
ARIZOll:A 
ARKANSAS 
COLORADO 
GEORGIA 
ILLINOIS 
INDIANA 
IOWA 
KANSAS 
KENTUCKY 
MARYLAMO 
UISSOUAI 
J.rnNTMIA 

JAN 
FEB 
lMR 
APR 
UAY 
JUN 

1963 
1954 
1965 
1966 
1967 

0-50 
51-100 
101- 200 
201-400 
401-?00 
?01-1000 

0-3 
4-? 
8-15 
16-19 
20-40 
41-65 

HAND 

NE11 MEX 
·N DAKOTA 
OHIO 
OKLAHOIAA 

.OREGON 
PA 
S OAKOTA·· 
TENtJ 
UTAH 
VIRGINIA 
·Y/ASHINGT 
·w VIRGIN 
WYOlUNG 

JUL 
AUG 
SEP 
OCT' 
NOV 
DEC 

1968 
1969 
19?0 
1971 

1001-140 
1401-180 
1801-230 
2301-300 
3001-400 
>4000 

66-100 
101-130 
131-160 
161-200 
201-260 
>260 

CONV DEV 

CONV PIL 
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QUESTION/ RESPONSE EXPLANATION 

State in which acciden t o ccurred 

Month in which accident occurred 

Year in whi::h accident occurred 

Daily c~al output of mine (tor..s / day) 

Nurr.ber of workers employed underground 

Mining style/phase at scene of accident 
- - small mine where development, loading, 

e t c. done by hand (may include blasting 
off the solid) 

- - conventional mining method in deve:lop­
ment of new areas (rooms, entries; 
includes hand and machine loading) 

- -conventional mining on retreat (pillaring) 



Fat ality Analys i s 
Quest ionnaire .. Page Z 

Question Label 

M INESTYL (Cont) 

WET? 

SEAM H T . 

ROOF HGT 

S.S . &VAR 

FATALS 

INJURED 

NONFATAL 

Res o n se Label 

CONT DEV 

CONT PIL 

LONGWALL 

YES, NO 

0-3 · 
3+-4• 
4+-s • 
5+-6• 
6+-?· 

0-3· 
3+-4· 
4+- s• 
5+-6• 
6+-?· 

0-2&NO 
2+-5GNO 
5+-8&NO 
B+-11&NO 
1 1+-14&N 
>1 aGNO 

1 
2 
3 
4 
s 
6 

0 
1 
2 
3 
4' 
s 

0 
. 1 
2 
3 
4 
5 

?+-e· 
8+-9· 
9+-1 1· 
11+-14. 
>14. 

-,...-_e• 
8+-9· 
9+-1 1 • 
1 1+-14. 
>14. 

b-2GYES 
2+-5 GYES 
5+-8&YES 
B+-11&YE 
11+-14&Y 
> 14&YES 

? 
8 
9-15 
16-50 
>!SO 

6 
? 
e 
9-15 
16-50 
>90 

g 
7 
8 
9-15 
16-50 
> 50 
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EXHIBIT 2 

Question/Response Expl a natio n 

-Continuous mining method in d evelopment of 
new areas (r ooms , entries, crosscuts) 

-Continuouc retr eat mining - extraction of 
pillars 

- Development/Retreat by longwall versus 
room and pillar method 

Was mine considered wet ( Water on floor, 
seeping from roof, ribs , etc .) 

What was average height of seam (feet) 

1Nhat was height of roof i n accident area 
{feet) 

What was the average seam slope (degrees) 
Was there a variabili ty of equal to or m o re 
than 3 degrees ( no 1 yes) 

Number of fatalities from th e accident 

Number of workers inj1.1red in accident 

Number of lucky nonfatalities (man under 
fall but protected by canopy; in fall a rea 
but not killed, etc.): includ es injuries 
from above as well as noninjur ies 



Fatality An alysis 
Questio'1naire - Page 3 

Question Label 

TYPE ACC 

VIC AGE 

VIC EXPR 

TASK EXP 

TIME 

Re sponse Label 

EXPLOSON 

RF<25FAC 

RF<lOINT 

ROOF 0TH 

RIB <25' 
RIB>25' 
OTHER 

HAULSHUT 

HAULMAIN 

BUMP 
ELECT'CL 
EQUIP--

<•20YAS 
21-25YRS 
26-30 
31-35 
36-40 
41-45 

P-.5YR 
.5-1 YR 
1-2YR 
2:t- -SYR 
5,.1-BYR 
B. ~-11YR 

0-. ?.SMO. 
• 25-. SMO 
.s-1 uo 
1+ -31AO 
3+ - &.AO 

8-10 A•J 
10-12 A',f 
12-2 P\I 
2-4 PM 
4-6 PJ,t 
6-B P,_f 

46-50 
51-55 
S6-60 
61-65 
66-?0 
>?DYAS 

11,.1-14 
14.1-17 
1?.1-20 
20.1-25 
25.1-30 
>30YAS 

"6+-12M O 
12+-24UO 
24+-36MO 
>3GM O 

8-10 P'4 
10-12 P\4 
12-2 A~ 
2-4 AM 
4-6 Mt 
6-8 AJ.f 

EXHIBIT 2 

Question/Response Explanation 

Type of accident 
- -Natura l combustion explo sion (gas , coal 

dust, etc. ) ; does not include dynamite or 
shot firing explosives accidents 

- -Roof fall within 25' o f working face 
includes intersections if working face 1s 
pre sent 

--Roof fall within 10' of intersection . Mainly 
intersections completed some time in past 

- -Roof fall not inby face or intersection 
(main haulageway, long cross cut, etc. ) 

- -Rib fa ll within 25' of working face 
- -R ib fall greater than 25' frorr. w orking face 
--Accident not falling in other categories 

(explosives, man falls, fir es, etc.) 
·--Haulage accident involving shuttle cars, 

battery-operated tractors , jitneys , etc. 
- -Haulage accident involving mainline hauls-

locomotives , m antrips, etc. 
- -Burst or bump of face or rib 
- -Accident involving electrical caus e 
- -Accid ent involving equipment other than 

haulage (loading machines , con tinuous 
miners, belt conveyors) 

Age of victim 

Total mrning experience of victim 

Victim's experience at task being perfo rmed 
at time of accident (not necessarily his 
:r egular job assignm~nt expe rience) 

Time of day at wh ich accident occurred 

4:7 



Fatality Analysis 
Questionnaire - Page 4 

Question Label 

SHI FT # 

WHO PREV 

MACH DEF 

EQPFEATR 

IMMEDROF 

FALTHKNS 

FAL SQFT 

Response Label 

OTHER 
1-1 
1-2 
1-3 
2-2 

BUR MINE 
MANAGEl.1T 
FOREMAN 
VICTifl 

0TH \VKR 
0TH PER 
NO ON E 

MAINT 
DESIGN 
OPERA TON 

CONTROLS 
COUPAUNIC 
FLASHBEL 
CANOPY 
EX PLOSPF 
fAOVCANPY 

METH DET 
ROOFTEST 
LIGHTING 
OTHER 
BRAKE S 
GUARDS 

SHALEHRD 
DRAWR OCK 
SHALELAM 
SHLEFRAC 

SHLEW KSF 

C OAL 
SDSNSHL 
SA NDSLAM 
SANDNORM 
BONECOAL 
R OCKCOAL 
SHALNORM 

1-4-
5-7• 
e-11· 
12-1?-
18-24 .. 
25-32-

0-10· 
11-20· 
21-30• 
31-so· 
s1-?o· 
?1-100· 

33-42"' 
43-52• 
53-64"' 
65-?4-
?S-11440 
>114-

. 101-1 30 • 
t31-1 eo· 
'181-2 30 • 
231- 330. 
331-630. 
>630. 
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EXHIBIT 2 

Question/Res ponse Explanation 

Shift number (only coal producing shifts; 
maintenance = ''other 11 ) 1-1 = first of one 
shift; 1 -2 = first of two coa l-p roducing shifts 

Who might have best pr evented the accident 
(not necessarily to blame but in be s t posi­
tion to have prevented) 

What machinery deficiency may h ave contri­
buted to the accident 
- -Was maintenance needed 
- -Could improved design have prevented 
- -Was o p eration of equipment improper 

What added or imprbved equipment·feature 
might have prevented the accident (Improved 
e quipment could be design or m ai nten ance, 
depending on which was applicable in 
" machinery deficiency" abov e) 

What was composition of immediate roof 
- -Hard shale (firr:.-1.; consolidated ) 
- . Drawslate / rock;fragile shale 
--Laminated shale 
- - Fractured shale (loose , unconsolidated, 

faulted) 
- - Weak/ soft shale ( sandy) 
- -Top coal le ft 
- -Sandstone/shale miJ~ or l aminate 
- -Laminated sandstone 
--Norm a l sandstone 
- - Rash roof; coal mixture 
- -Rock/ coal mixture 
--Normal shale 

Average thickness of fall (inch es ) 

A verag~ square footage of fall (fee t) 



Fatality Analysis 
Questionnaire - Page 5 

Question Label 

RIB DIST 

FACE DIS 

FAIL NAT 

FENT ¥TI'· 

F EMT :CE 

VIC 'TO S 

Response Label 

0-1· 
1+-2· 
2+-3· 
3+-4· 
4+-s• 
~+-6. 

0-1 • 
1+-2· 
2+-3· 
3+-4· 
4+-5. 
5+-6· 
6+-7· 
?+-e• 
B+-9• 
9+-10• 
10+-11 • 
11+-12• 

6+-?. 
?+-a· 
B+- 10• 
10+-12• 
12+-1s· 
>15• 

12+-13.-
13+-14. 
14+-1s · 
15+-16. 
16+-17. 
1?+- 1e• 
18+-19. 
19+-20· 
20+-21• 
21+-22· 
22+-23• 
23+ 

BV ANCHR 
L W ANCHR 
BTW SUPT 
OVERHANG 
TO SUPLN 

!NB Y<Z 1 

INBY 3-5 
INBY 6 - 7 
INBY 8-9 
INBY I O> 
OVER SPT 

o-s· 
s+-e• 
B+-12• 
t2+-15 
15+-17 
f?+-19 

O-s• 
5+-10• 
10+-15 
15+-17 
1?+-18 
1B+-19 

0-1 • 
1+-2· 
2+-3 
3+- 4 
4+-5 
5+-6 

19+-20 
20+- 21 
2 1+-22 
2 2+-23 
23+-25 
>25 

19+-20 
20+-21 
21+-22 
22+-24 
24+-26 
>26 

6+-? 
?+-9 
9 +-12 
12+-15 
15+-20 
>20 
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EXHIBIT 2 

Question/Response Explanation 

Shortest distance from. nearest rib to fall 
(feet} 

Shortest distance from face b fall (feet~ 

Na~ure of roof fall and support failu r e 
- -Broke above anchor line of bolts 
- -Broke below anchor line of bolts 
- - Spall fall between bolts 
- -Fall of rib rcof overhang 
- -Break occurred r i ght up to perm anen t 

support line 
--Broke within 2 1 but not up to support line 
- -Broke 3 to 5 1 from support line (inby) 
- -Broke 6 to 7 1 from support line (11

) 

- -Broke 8 to 9 1 from support line (11
) 

--Broke equal to or over 10 1 i nby s u p p ortline 
- - Broke over posts used as permanent suppo rl 

Width of entry from rib to rib at accident 
site (feet) 

Depth of entry from last crosscut to fac e 
(feet) 

Distance from victim to permanent support 
line (only if working inby supporte d r oof) 

(feet) 



Fatality Analysis 
Questionnaire - Page 6 

Q uestion Label 

E XPOSURE 

cm DIAM 

%CIR SUP 

SUP-CIRC 

F TO PRM 

Response Label 

UNSP UNC 

UNSP NEC 

<TMP VIO 

<.TMP OK 

FL PM VI 

FL PM OK 

0-10· 
10+-14 . 
14+- 16 
16+-18 
18+-20 
20+-23 

01, £ 
t-10"K. 
11-201. 
21-30 
31-40 
4 1-50 

23+-27 
2?+-34 
34+-42 
4 2+-50 
,.50 • 

51-60 
61-?0 
?1-80 
61-90 
91-100% 

NONE 
P-T-B 
POST-TRU 
POST-JAC 
BL-ST - CR 
BO~-STRA 
BOi.,-CRIB 
BL-ST-RP 
BOL-RIBP 
DOLTS 
RIB POST 
POST+RP 

o-s· 
5+-a• 
8+-1 2· 
12+- 1s• 
15+-17. 
17+- 19 . 

13+-20· 
20+-21• 
21+-22· 
22+-23• 
2J+-2s· 
>25 . 
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EXHIBIT 2 

Quest i on/Response Expla nation 

Unde1· wha.t roof condition was victim 
- - Under unsupported roof unnecessarily 

(repairing equipment there, etc.) Note: 
victim under unsupported roof unless 
surrounded by props (:::ib count s as support) 

- -Job necessitated victim being under uns up­
ported roof (setting temporary support) 

- -Inadequate temporary support in violation 
of roof plan (called for 3 , only us ed 1 prop) 

- -Inadequate temporary support in concur­
rence with plan 

·· - Failure of permanent support in v iolation 
of plan (exceeded center distances, et . ) 

- -Failure of permanent support i n concurrenc, 
with plan 

Diameter of largest circle betwe en ribs at 
point of accident, using a center which would 
approximate victim 1 s location or wh ich would 
encompass as many victim s and as much of 
the fall as possible 

Percentage o f the circle above tha t is 
adequately supported by permanent or 
temporary s upparts 

Type of support, if any, rn c.L.1.· cle above 

--Posts, trusses, bolts 
--Posts, t :tusse s 
- -T emporary posts, hydrauli c jacks 
- -Bolts , straps, cribs 
--Bolts, straps 
- -Bolt s, cribs 
- - Bolts, straps, rib post :3 
- -Bolts, rib posts 
- -Bolts only 
- -Rib po s ts only 
- -Post s. r ib pos ts 

Distance from face to permanent support line 
(feet) 



Fatality Analysis 
Questionnaire - P a ge 7 

Question Label 

P ROP >:<SQ' 

PATT-SU~ 

BLT LENG 

RIB PATN 

VIC LOC 

Response Label 

-

0 
.2PAOP 
.4 
.6 
.e ,. 

3 • CENTR 

2+-3 
3+-4 
4+-S 
5+-6· 
6+-?· 
>?. 

4X5 
4 • CENTA 
5 
6 
2X3.CENT 
3X4CENT 

5X6 
>n.CENT 
<?.OSF-SU 
21-o40SF 
>40SF-SU 

- 0-30 .. 
31-42 .. 
43-54 
55-66 

6?-?A 
?9-90 
91-102 
>102-

o-2·RxJC 
.. X4.CEN 
• xs·cEN 
.. xs·cEN 
2+-A3RX3 
.. X4.CEN 

2 xs·cEN 
• xs·cEN 
>3RX4CEN 
- s·cEN 
• 6•CEN 
•X>6 .CEN 

MAIN ENT 

DEV AREA 

TINTER 
4 INTER 
X INTER 
Y INTER 
PIL POCK 
PIL SPLT 
PIL WING 
P1L STMP 
P IL LIFT 
OTHER 
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EXHIBIT 2 

Que stion/Response Explanation 

Num b er of sa fety props per 100 sq. ft. in 
area from las t permanent support line o face 

What pattern o f permanent support was used 
in area or adjacent to accident (excluding rib 
posts~ (Usually r efers to bolts, crossbars) 

What length of bolts were used as permanent 
support (inches) 

, What pattern of rib posts we re used near scene 

In what area of min e w as victim located. 
--Haulageway, mai n air passage, etc. Area 

more supported and l arger than develop­
ment areas 

- - Room, crosscut, etc. being mined (workin g 
face area) 

--T or , inte rsection 
--Four-way intersection 
- -X- shaped i nte r section 
- - Y - shaped inter sect ion 
- -Pocket area of pillar 
- -Split ar ea of pillar 
- -Wing/fende r area of pillar 
--S tump/push area of pillar 
--Lift from pillar 
!'Jote: A rea refers to pla ce being worked; ie., 
if victim doing pillar removal and is in pas sage 
way while working on pilla r stump, he is con­
sidered as being in pillar stump area. If in 
intersection while sta rting to drive n ew face, 
he is in intersection. 



Fatality Analysis 

Questionnaire - Page 8 

Question Label 

%PIL RMV 

MAJ GAUS 

Response Label 

0-10'-
11-2~ 
21-301. 
31-404r. 
41-50% 

51-60,. 
61-?0,. 
?1-00,. 
81-90., 
90-100,a 

N ENF SP 

EXCES WD 
EXCES DP 
TESTING 
CONDAJUS 

SCALTOOL 
NO SCALE 
PILR RMV 
RPL SUPT 
RMV SUPT 
RMV BOLT 
DEL TEMP 

EQP OFER 

EQP FAUL 
NOT OBEY 

(Supports) 
OK, INADQ 

LRG AREA 
LOOSROOF 
CLAYVEIN 
SLIP-FLT 
OTHR FLT 

NEARGOBS 
INTERSEC 
PASTFALS 
DIFFROOF 
PROC DEV 

OTHER 
NO SUPV 

NO PLAN 

EXHIBIT 2 

Question/Response Explanation 

If in pillaring area, what percent of the p illar 
had already been removed 

What was the major cause of the accident 
-- Not .enough support, either in viol ation of 

temporary or permanent support p l an: can 
be centers or number of supports 

- - Excessive cut width in violation of pl an 
--Excessive cut depth in violation o f plan 
--Improper or lack of testing (roof) 
--Did not adjust for changed conditions in vio -

lation of plan (called for crossbars in a rea s 
with slips or cracks - did not use) 

- - Used improper tool for scaling r oof/ rib 
--Did ::1ot scale down loose roof/ribs 
- - Imprope r sequence of pillar removal 
- -Did not replace dislodged supports 
- -Removed temporary or permanent support s 
- -Removed bolts upon retreat 
--Excessive time lag in installing t emporary 

supports under newly exposed roof, l e ad i ng 
I to excessive sagging and fall l--Faulty equipment operation leading to di s ­

lodging of supports 
- - Use of equipment in need of maintena n ce 
- -Know iqgly violated company r egulations 

(proceeded under unsupported roof) o r did 
not heed warnings from m~n 

--Plan was being followed but was inadequate 
for conditions 

- -Support not good - lar ge area involved 
- -Support not good - loos e r oof n ot suppor t e d 
- -Support not good - clay veins/ crack s in area 
- -Sup po rt not good - slips /line faults in area 
--Suppo:::t not good - other faults (ho r seba cks, 

kettlebottoms, etc . ) in area 
- -Support not good - near gob a :r~as 
- -Support not good - near intersections 
--Suppor t not good - in area with past fall s 
--Support not good - roof composition chan ged 
- - Victim deviated from established pro cedur e 

(bolted out of sequence , etc. ) 

- -Se:.:io-1s lack of supervision (no certified 
official at mine; fo r e':nan not around fo r 
excessive amount of time) 

- -No established plan or policy fo r event 
h 



Fatality Analysis 
Questionnaire - Page 9 

Question Label 

CONTFAC1 
CONTFAC2 

VIC JOB 

VIC LEYL 

VIC DO 

CREW DO 

MEN WARN 

MIN WARN 

SllP VW ARN 

POORCOMM 

SUP'VISD 

LASTTEST 

Response Label 

same as major 
cause 

CUTTING 
DRILLI NG 
SHOOT 
TOP CREW 
o·RILLBOL 
CONTLOAO 

HELPER 
OPR-WKR 
As·r FOR 
F OAEP.IAN 
MINE FOR 

HAND ,HN 
CONT ~.lIU 
CUTTING 
DAIL FAC 
SHOOTING 
HAMOLOAD 
UACHLOAO 
SHUTTLE 
ROOFTEST 
RFSCALE 
SET TIMB 
RF OR&OT 

HANDL09D 
CONHIINA 
genl.J:hr 
SHUTTLE 
TRAKHAUL 
REPAIAMN 

SUPI NT 
OWNER· · 
ENGR 
OTHE R 

CLEANUP 
TRAm.!ING 
Rn1 FALL 
Arn SUPT 
REPAin 
TAK HAUL 
SUPEP.VIS 
OOSERVIN 
INSPECT 
NOTHING 
OTHER 
SURVEY 
LONG\VALL 

same as vie do 

NO, YES 

NO, YES 

NO, YES 

NO, YES 

NO, YES 

NO 
YES<1HR 
1-4 HAS 
4 -8HRS 

PREVSHIF 
YE S:> 1DAY 
UNKNO\'IN 

EXHIBIT 2 

Question /Response Explanation 

Of previous list for major cause _~ w:-iat were ~ 
contributing factors 

What were the victim's regular job duties 
(top crew is a timberman) 

What was victim's duty or organ1 zationa·L le ve l 
(Foremen and above had no Job cias s1ilcah.:ms 
assigned.) 

What was victim doing when accident occurred 

- -RFSCALE is scaling roof 
- -RF DR&BT is drilling or bolti.1.g roof 

- -CLEANUP is hand shoveling loose coal 
around ribs/face- -not the same as hand­
loading 

--REM SUPT is removing support 

What was crew doing when accident occurr ed 

Was there a warning from oth~r men which, 
if heeded, would have a voided th~ vi_ctim' s 

death (11 Don 1 t go in there as roof's about tc 
fall. 11 ) 

Was there an observable/audible warning 
from the mine; i . e ,, working roof, prio r fall, 
dummy sound, crack, etc . 

Did managerncnt (especially the fo reman ) fail 
to properly inform victim of dange rous situatior 

Was poor oommunication to victim a factor; 
i.e., foreman did not €xplan situation fully or 
clearly enough 

Was victim under direct supervision; i.e., 
was supervisor aware ·of and approve 
victim's actions (supervisor need not be present 

When was roof in accident area last .tested 
(hours) 

53 



Fatality Analysis 
Questi onna ir e - Page 10 

Que sti on Label 

JOB DE· r 

W KR JUDG 

WK EXPED 

WK ALONE 

PCAR POS 

LIGHT 

Response Label 

T::). YES 

NO, YES 

NO, YES 

NO, YES 

NO , YES 

NO, YES 
PROB NO, PROB YES 

F ORE DEC 

MGT POLI 

MGTTRAIN 

MGT ATTI 

FEDRULES 

M INE REG 

FOR E REG 

LST INSP 

GOOD BAD 
0 .K • 
POOR 

NOT MADE 

sam e 

same 

same 

NO, YES 

NO, YES 

NO , YES 

0 .. 3 l10 •. 
3+-6 tJO. 
6+-9 
9+-12 

12+-18 
18+-24 
>24 
NEVER 
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EXHIBIT 2 

Question/Res ponse Explanation 

Was victim involved in task other than his 
normal duties - in a new pra ctice, or a 
variation from n ormal p ractice (diffe ren t 
p illar sequence; new ma.chine, new tecbniq1. e, 
ne>'1>: jl)b 1 

Did victim use poor judgment (p roceed urrl er 
unsuppo rte d roof unnecessar ily) 

Was victim involved in expedient procedures 
at expense of own safe t y {did n ot put up enough 
props to save time or to maneuver machine 
more easily) 

Was v ictim work ing a lone 

Wa s victim in apparent precarious position 
(un der unsupported roof; rid ing belt conveyo r) 

Was vision obscured or was insufficient light a 
factor 

How was fo r eman ' s deci s ion relative to accident 

How was cnanagement 1 s policy relative to event 

How was ma'1agement train ing relative to 
accident (what we r e the results of the training) 

What was management's attitude toward risk 
and/or safety as exhibited by their practices 

W er e federal regulations bein g followed 

Were mine regulations being followed 

We re foreman I s instructions bei ng followed 

How recent was the last regu l a r Bureau of 
Mines inspection (o r PBR) (Months) 



Fatality Analysis 
Questionnaire - Page 11 

_Q_u_e_s_ti_o_n_L_a_b_e_l_-+---~-~ J>On s e Lab e 1 

OVERBURD 

EXPLOSIONS 

GASSY 

COALDUST 

ROCKDUST 

XPOSDIGN 

VENTILA T 

HUM&BAR 

% METH. 

HAULAGE 
HAUL CLR 

TRK COND 

COM EQP 

0-1 9 9• 
200-4 99. 
500-?99• 
800- 1299 

1300-19C 
1900-26C 
2600-32C 
>3200". 

NO 
YES-TEST 
YES--NT 

NO. 
0-.1PPM 
.11-.,14 
,,, 15- .. 18 
,19-,,,21 
,,,22-.."24 

,25-,,, 29 
., 30-.. 35 
.;!6-.40 
"l>.40PPM 
NOT SPEC 

NO 
YES-ADQT 
YES-NA 

NO 
YES\'/IRES 
YES MACH 
YES CIG 

GOOP 
0 . I( .. 

POOR 

LO\'/ & LO 
LOW G OK 
OK & LOW 
OK & OK 

o-· •. s<J. 
• 6- .. '7% 
.B-.9% , .. 0-, .. 2,. 
, .. 3-1,,,6% 

o-s-
5+-?· 
7+-9 
9+-11 
11+-13 
13+-15 

YES SPK 
CI G-UATC 
COUBINAT 
OTHER 

BAO 
NONE 

LOY/ G -
OK G -- G LOY/ 
- & OK 

1.,?-2 .. 2% 
2 .. 3-3 .. 0% 
3 • . 1-4.0% 
>4.0 '1. 
EXCESSIV 

15+- 18 
18+-21 
21+-24 
24+-30 
30+-36 
>35 00 

GOOD, OK 
POOR, BAD 

same 

E XHIBIT 2 

Question/Res 

W hat v.1as the overbu:;-den in accident area (feet) 
(A nswere d for bumps /bursts and explosions onl~ 

W as m ine classified as gassy 
--Yes but was tested re gularly 
--Y es but wa s not tested regula rly 

Coal dust level, ppm 

Was r ock dust used for coal dust control 
--Yes and wa s adequately applied 
-- Yes but was not adequately applied 

What was th e source of exposed ignition, if any 

To what degr~e was the ventila tion a dequate 

What were the humidity and barometer readings 

What wa s the average percentage of methane 
emission 

What was the haulage clearance measured to 
the closest immo vable object pertinent to 
accident (rib or roof ver sus car side or height, 
respe c tively; normal minimum clearance ) 

What w ere track conditio ns relative to main­
tenance or design of haulage tracks (rails, etc.) 

To what degree was comr:1.unication equipment 
present in area of accident 01· on veh icle 

55 



Fatality Analysis 
Questionnaire - Page 12 

Question Label 

EQP LITE 

BRKS-ROL 

P-SELF R 

HAULGRAD 

Response Label 

GOOD, OK 
POOR, BAD 
NONE, ONLY RF 

GOOD, OK 
POOR, BAD 
FAILED, NONE 

NO, YES 

o-1<r. j' 1+-2~ 
2+-3 
3+-4 ,. 
4+-5 
5+-6 

6+-7 
?+-8 
8+-9 
9+-10 
>10~ 

5o 

EXHIBIT:! 

Question/Response Explanation 

Equipment lighting on vehicle 

(only reflectors) 

What was the condition of the brakes or anti­
roll (or automatic derailer) that might have 
affected the accident (refers to any mechanism 
designed to stop vehicles) 

Did the power switches and controls automati­
cally return to neutral or off 

What was the grade of the haulage slope in 
the area of the accident 



ALL RES P ON SES 
E XHIBIT 3 

731 FATAL AC CIDENTS, 1966- 1970 

TOTAL % TOT/\L ,, TOTAL ,, 
SAMPLE TOTI\L UA MPLE TOT AL SA1.1 PLE TOTAL 

::il l\ TE !;!81. :i'.Hli::I~ SEAM HT It 
0-50 !i (J R.,A? 

ALABA\~A 20 2 .. ?4 0-3· 114 1:1 .. 6n 

I\ LI\SK A D n .. oo 5 1- 100 40 5 .. ·49 3 +-4· 184 25 .. ·2? 

AnIZ ONA 0 o .. oo 101-200 65 8;93 4+-s · 1?0 ?3_."35 

ARK ANSAS 0 0';.·00 20 1-400 60 A,. 2 4 5+-6· 106 14_.56 

COLORA DO 1 2 1 .. 6 4 4 01 - ?00 54 ?_.·42 6+-?· 73 10 .. 0 3 

GE OAeCA a o .. 00 ?0 1-1 000 46 . 6.·32 ?+- 0 · 43 5;.·91 

I LLIM OIS 34 4.,·6 5 1001 -1 40 33 4 . 5;3 8+-9· 18 2;.47 

IN DI AN A 3 .. 4 1 1401 - 180 34 4 ,.-6? 9+-11 • ? ,.96 

IOWA 1 .. 14 1801 - 230 3? 5·;.-0B 11+-14° 6 ,.82 

KANS AS a o .. oo 230 1- 300 63 0_.65 >1 4 . ? .96 

KF: IIJT UCKY 166 22;-?1 3001-400 68 9 _. 34 

',l /\ AYLA ND 1 .• 14 >4000 178 24 .45 ?28 99.99 

MIS SOURI a 0 .. -oo 
r.: oN TA NA 1 _. 14 72Ei 99 . 99 

NE\'/ 1:fEX a O .. ·OO 
1\1 DAKOTA a o .. oo 
OHI O 23 3 .. ·15 
OKL AH OII A 3 ,.•41 TO TAL Of, 

OR EGON 0 o .. oo SAM PLE TOTAL 

PA 99 13 _.54 TOTAL % RQQ E H&?T 

s DAKO TA a o .. oo SA l• PL E TOT AL 0-3 · 45 12 .. 89 

T F: N 1 6 2 _.1 9 tf.. EMPLYD 3+-4· 83 23 .. ·?8 

UTAH 11 , .. -so 0-3 19 2·;.60 4+-s · ?1 20,.34 

VIRGIN IA 8? 11 .. 90 4-? 63 8,. 63 5+-6 · 48 13;. ?5 

1'/ASHHJGT a o .. oo 8-1 5 90 12 .. 33 6+-7 · 32 9,. 17 

W VIRG IN 253 3 4· .. ·61 16-19 25 3.,42 7+-a · 31 8,.88 

WYOt.H JG 1 • 14 20-40 75 10 . .-27 8+-9· 14 4_..01 
4 1-65 45 6 .. 16 9+-11 • 13 3.,·?2 

?31 100. 0 1 66- 100 62 0 _. 49 1 1+-14' ? 2 .. a 1 
10 1-130 so 6 .. ·85 >14. 5 1 .43 
13 1-1 60 52 ? .. 12 
161 -200 76 1 o .. 41 349 99 .98 

TOTAL 'l'a 20 1-26(' 46 6 ;. 30 
SAMPL E TO TA >260 12? ·, 7·~·40 

MONTH 
J AN ?4 10;;12 ?30 9 9;·98 
FEB 42 5 _.?5 
MA R 63 A_.6 2 TOTAL % 
APR 60 A:.•21 SA1/ PLE TOTAL 
IA/\ Y 61 8 _. 3 4 S.S.&V AR 
JUN 67 9 ;.·1? 0- 2&NO 4 13 .. ?9 
JU L SA ? ,. 93 TOTAL ~ 2+-S&NO 4 13 ... ·79 
/\U G ?2 9;.·85 SM.lPL E TOTAL 5+-B&NO 5 17,.24 
SEP 6 3 8;. 52 Mp HC:S TYL B+-11 G~JO 1 3,.4 5 
oc·, SA ?,.93 HA ND 2 1 3 ,.2 5 1 1 +- 14f,N 3 10 .. 34 
NOV 51 fi .. 9 8 CON V DE V 274 4 2,.41 > 14GMO 8 2? .. 5!=1 
DCC 62 8;48 CONV PIL 65 1(1_.0G 0-2GYES a o .. no 

co~,T nEv 21A 33 .. 75 ?.+-S&Y ES 0 o .. no 
?31 100·. no cmJT Pil. C,4 9 ;.-9 1 ~+- 11&Y ES 2 6.!JO 

LO IG\'//\LI. 4 . 6 2 H+-1 1r~YE 0 n-.. n n 
1 1+-14f~Y 1 3 .. 45 

F.~6 ·1 nCl . ·OO >14 f,Y ES 1 3.45 

29 10().0(1 
TOTAL % 

SA I.I PLE TO TAL ·rnTAL ,, 
YEAR SA ~IPLE TO TAL 
1963 0 o .. oo \'/ET? 
1964 (• O .. DO YES 93 ?7 _.5 0 
1965 0 0 ;.00 NO 2? ?.2 .-so 
1965 15? 2 1;. 4 8 
1967 146 19. 97 120 100 .·OD 
196 8 15? 21-_. 4 8 
1969 129 17.,65 
19?0 142 19,. Ll3 
197 1 a o . oo 

5 7 
?31 1 no .-·o 1 



EXHIBIT 3 

TOTAL 
,, 

TOT/\L % TOTAL % 
SAMPLE TOTAL SA\IPLE TOTAL SAMPLE TOTAL 

FATALS ~I~ fa~~ SHIFT ~ 
1 692 94_.66 <:::r20YAS 1 1 , .. 51 OTHER 59 8,09 
2 24 3 .. 28 21-25YRS 58 ?_.96 1-1 15? 21 .. 54 
3 ? ,.96 26-30 52 ? .. 13 1-2 128 1? .. 56 
4 5 _.6A 31-35 58 ?_.96 1-3 82 11 .. 25 
5 1 ,. 14 3n-40 AS 11 .. 66 2 -2 10? 14_.68 
6 a a .. oo 41-45 1 ?. 1 16,.60 2-3 ?5 10 .. 29 
? 1 .. ·14 46-50 126 1 ?_.28 3-3 8? 11 .. 93 
8 0 o .. oo 51-55 103 1 a .. , 3 1-? 21 2 .. 88 
9-15 a o .. oo 56-60 R5 11 .. fin 2-? 13 1. ?A 
16-50 1 _. 14 61-65 23 3,.·16 
>50 a o.oo 65-?0 4 ,. 5 5 ?29 100. 00 

>?DYAS 3 ;4 1 
731 100.-00 

TOTAL % ?29 100.01 

SM1PLE TOTA 

HJJUAF.D 
a 636 8? .. 00 TOTAL % 

1 ?4 10 .. 12 TOTAL "!, SAMPLE TOTAL 

2 14 1;. 92 SA1.~PLE TOTAL ril:lrJ !;!~~~ 
3 3 ,. 41 VI~ EXPA BUA !..1INE 3 ,. 41 

4 1 .. 14 [1-.5YA 22 3. 10 l.'.AN/\GEMT 24 5 33,.·56 

5 2 ,.2? .5-1 YR 1? 2,.40 FOREMAN 114 15 .. -62 

6 0 o .. oo 1-2YA 15 2 .. 12 VICTIM 309 42 .. 33 

? 0 o .. oo 2~ -SYA 45 6,.35 OHi ~·/KA' 36 4.93 

8 0 o .. oo 5 .. 1-8YR 39 s· .. so 0TH PEA 1 .. ·14 

9-15 1 ,. 14 8 • . 1-11YR 4? 6_.·63 NO ONE 19 2_.60 

16-50 0 o.oo 11 .. 1-14 30 4 .. 2 3 UNKNOWN 3 • 4 1 

>50 0 o.oo 14,.1-1? 58 a.-1e 
17 .. 1-20 48 6_.?? ?30 100.00 

731 100.-00 20 .. 1-25 136 19 .. 18 
25.1-30 89 12:;55 
>30YAS 163 22.99 

TOTAL % ?09 100.00 : 

Sl\!~PLE TOTAL 
TOTAL '1, 

. Nm!FI\TAL 
SAMPLE TOTAL 

0 5 97 81,. ?A TOTAL ~ 1,l8Ql:I Dl;;E 
1 92 12,.r,o SAMPLE TOTAL l.rnINT 64 25,.20 

2 28 3,.·A4 IA!i!IS ~2£P DESIGN S'fi 3?,.AO 

3 8 1 .. 10 0-. 2:'31.W. 23 3 .. 81 OPERA TON 94 37.01 

4 3 .,;41 .• 25-. s,10 11 1 .. f'2 

5 n (1.00 • 5-1 ,.rn 1B 2 .. 98 2fl4 100 I O 1 

6 1 • 111 1+ -3'-10 42 n_.95 

? 0 n.no 3+ - s,.10 59 9 .. 7? 

0 n n.nn 6+-121.'0 50 A.?R 
~-1 'i 1 • 111 12+-24110 71 11 .. ?5 

1 fi-!ill n ll·, OD 24+-36MD 50 8 .. 28 TOTAL ,, 
> !°>'..l n o.oo >36t.lO 280 11fi. 36 SM1PLE TOTAL 

E~i!PEl;;ElIEI 
?:in 1(1(1.(11 604 1(10.00 CONTROLS 19 12 .. 26 

COMMUNJr. 1 .. f,5 

TOTAL 
,. TOTAL % F'LAW!nEL 10 6.45 

SAHPLE TOTAL SAMPLE TOTA CAMOPY 42 2?.10 

TYPE Ace IItlE I EXPLOS r r 0 o.oo 
EXPt OGON ? .96 8-10 M1 82 11.25; ~•OVC/\NPY 0 o .. no 
RF <:-'!'iFAC 28? 39.?G 1 0-1 2 At.I '13 15_.50 !.!ETH DET 0 a.on 
AF<10Il\!T 58 ?,.93 12-2 P1.I 95 13 .. ·03 ROOFTEST 0 o .. oo 
ROOF 0TH 43 5,. 88 2-4 P!1 85 11..66 LIGHTING 5 3,.23 

AIA<2!1' 19 2;,60 · 4-6 Pl1 39 s .. 35 OTHER 44 28 .. 39 

AIR>25' 9 1,.23 6-8 Pl.I 62 s .. ·50 BR AKES 2 h29 

OTHF.n 23 3,.15 8-10 PM 56 7.68 GUARDS 32 20.65 

H/\UL HUT ?4 10:.-12 10-12 PM 48 6_.·5A 

HI\UUIAIN 81 11 .. oe 12-2 Ml 33 4,53 155 100.02 

OU!.IP 6 .,.82 2-4 A1.1 29 3 .. 9A 
ELECT.CL (I 0 5 .. ·47 4-6 A\4 31 11 ... 25 

EQUIP-- A4 11.49 6-8 AM 56 ?.68 
58 

?31 99.99 729 99 .-99 



EXHIBIT 3 
TOTAL "' TOTAL er, TOTAL tf, 

SAl~PLE TOTAL SAl.~PLE TOTAL SAMPLE TOTAL 
Hl!.1EDROF FACE DIS E ~~I iQ 
SHALEHRD 55 13 .• 19 0-1 94 36 .. A6 o-5· 2 .,.·A3 
onAV:AOCK 39 9_.35 1+-2· 25 9 .. 80 5+-s· 1 .,.42 
SH/\LCLAU 48 11.,.51 2+-3· 2? 10;.59 · 8+-12· 0 3.,.33 
SHLEFAI\C 63 15;11 3+-4· 16 6,.27 12+-15 26 10 .. 83 
SHLE\'/KSF 34 0 .. ·1s 4+-s· 10 3 .. 92 15+-17 3? 15,.42 
CO/\L 4 3 10,.31 5+-6· 9 3_.53 1?+-19 35 14.,.5A 
SOSN(SHL 34 A,. 15 6+- ?· 12 4 .. ?1 19+-20 20 8 ,. 33 
SANOSLl\l.~ 13 3 .. 12 7+-A• 6 2_.35 20+-21 9 3 ,.75 
SANDMOR'..I ?6 6_.24 B+-9• 7 2 .. 75 21+-22 18 ?_. 5 0 
BONCCOAL 20 4,.80 9+-10· 5 1;;96 22+-23 11 4,.58 
AOCKCOAL 9 2 .. ·16 10+-11 • 6 2 .. 35 23+-25 28 11,6? 
SHALNOP.M 33 7 .·91 11+-12· ? 2;.75 >25 45 Hl.·?5 

12+-13· 9 3·,53 
41? 100.-00 13+-14. 3 1 ... 10 240 99.99 

14+-15• 3 1 .. 113 
15+-16 • a n .. oo 

TOTAL % 16+-1?. 1 _.39 

SM1PLE TOTA 1 ?+-18 • 4 1..,5? 

FAL THKNS 
18+-19 ° 2 .., 78 

1-411 58 14 .. 22 19+-20· 3 1 .. 18 TOTAL % 

5-?" ?5 18.-3A 20+- 21 • 1 ,;39 SA1.1PLE TOTAL 

8-11" 76 Hl_.63 2 1+-22· 1 _.39 ~Ii;. IO ~ 

12-17" 5? 13 .. 9? 22+-23• 0 o .. ·oo 0-1 • ? 3_.·41 

18-211 .. 44 10 .. ?a 23+ 4 1.57 1+-?· 17 0 .. ·29 

25-32 "' 21 5;..15 2+-3 28 13 .. ·66 

33-l\2" 21 5,.•15 255 10 0 . 00 3 +-4 21 10 .. ·24 

43-52w 10 2,.·45 4+-5 21 10,24 

53-f,ll" 9 2 .. 21 5+-6 28 13 .. 66 

65-?ti" 9 2 .. 21 TOTAL ~ 6+-7 15 ? .. ·32 

?5-114" 16 3.,.92 SA•.1PLE TOTAL ?+-9 16 7,.80 

>111\'' 12 2.94 E8IL. t::l6I 9+-12 19 9 .. ·27 

BV ANCHR 46 12 .. ·85 12+- 15 9 4 ;, 3 9 

40C:, 100.01 LI,'/ ANCHA 15 4·;.-·19 15+-20 ? 3,.·41 

BT\'/ SUPT 20 s .. 59 >20 1? 8 .·29 
TOTAL 'Yo 

31 8 , 66 
SAMPLE TOTA OVERHANG 

TO S UPL N 115 32 .. 12 205 99.98 
FAL SQFT 

5,.33 IN BY <2 " 30 8.38 
0-10· 22 

INBY 3-5 4 5 12_.57 
11-20· 22 5 .. ·33 

! NBY 6-7 9 2 .. ·5, 
21-30. 29 ?,.02 

INBY 8-9 1 ,.·28 
31-so· 56 13,.56 

I MBY 10 > 16 4 ..,·4? TOTAL % 
51-70. 26 fi,. 30 

OVER S PT 30 8. 3 8 SAMPLE TOTAL 
?1-100· 35 o .. a? E~ PQSIJRE 
101-130° 2? !i,. ~3 

3 58 1 oo-.·oo UNSP UNC 163 42 .. 78 
131-1 80. 20 II, 01\ UNSP NEC 39 10 .. 24 
101-230. 20 l\,fll\ <TMP VIO 54 14, 1? 
2~1-:-1 .10· 3? ·,. ?!', <TMP OK 21 5 .. 51 
831-fiJ(l" 6? 1',,Cl 1 FL PM VI 31 e .. 14 
> o3Cl • 6? 1 f.. 22 F L PM OK ?3 19.16 -

TOTAL % 
413 10Cl. no SAMPLE TOTAL 381 mo. no 

E i;;e:.1 Q~ 
o-5· 4 1,.·?4 

TOTAL 
.,, 

5+- 10 · 25 10 .. 8 7 
TOTAL 'l'o 

SAMPLE TOTA 10+-1 5 21 9, 13 
SAMPLE TOTAL 

RIB DIST 15+-1 ? 7 3 .. 04 
i;IB CI8iJ 

0-1
1 ?.33 58;"69 17+-18 8 ;3.48 

0-10· 3 ·,.?? 
1+-2· 42 10 .. 58 18+-19 • !13 

10+-14° 18 4,.62 
?+-3· 36 9,.·0? 19+- 20 9 3 _.91 

14+-16 34 8;?2 
3+-4· 20 s-.. 04 20+-21 7 3 .. ·04 

16+-18 43 11 .. 03 
4+-s· 15 3_. ?A 21 +-22 1 ;.43 

18+-20 46 11 .. ·79 
s+-s· 20 5,.·04 22+- 2 4 3 1_.3 0 

2 0+-23 64 16 .. ·41 
n+-?" 8 2:.02 2 4+-26 12 5 _. 22 

2 3+-2? ?O 17,95 
?+-8" ? 1 .. ?6 >26 132 57 .39 

2 ?+-34 65 16 .. 6? 
8+-10° 8 2 .. ·02 

34+-4 2 2? 6,.92 
10+-12• 2 ,.50 2 3 0 99.98 

4 2+-50 6 1 .. ·54 
12+-15· 4 1 .. ·o, 

>50 • 14 3.59 
> 15• 2 -. 50 

39? 100.01 59 390 100.01 



EXHIBIT 5 
TOTAL .,, TOTAL % 

SAP.4f'LE TOTAL SAMPLE TOTAL TOTAL % 

.,.,CH\ SUP P~JJ-§YP SAUPLE TOTAL 
F VIC LOC O'YJ E 52 13 .. ·03 3 CENTR 1? 7,.30 

1-10'¥, 61 rn,22 4• CENTR 106 45,.49 MAIN ENT 154 26,;19 

11-<'0'1> 21 5,59 5 41 1?,.60 DEV AREA 193 32 .. ·A2 

2 1-:rn 32 fl,. 51 6 5 2,.15 T INTER 45 7~·65 

31-tlO 16 4,.26 2X3.CENT 2 _.A6 4 INTER 94 15,.'99 

41-50 26 6,.91 3X4CENT 9 3,.86 X INTER 0 O,.·OO 

51-60 24 6_.38 4 X 5 27 11 .. 59 y INTER 10 1,.?0 

61-70 21 5,.59 !3X6 ? 3,.·00 PIL POCK 1? ? .. Fl9 

71-80 2? ?,.·18 >6.CENT 4 1,.·72 PIL SPL T 35 5_.95 

81-90 35 9_.31 <20SF-SU 5 2 .. 15 PIL WING 3 ;. 51 

91-100% 61 16.22 21-40SF 4 1· .. 72 PIL sn,P 19 3;. ·23 
>ll0S F-SU 6 2.58 PIL LIFT 18 3,.·06 

3?6 100.-00 OTHER 0 o.oo 
233 100 ~·02 

TOTAL % 
50A 99.99 

SAMPLE TOTAL 
~UP-q;Rc 
NONE 45 10,.92 
P-T-B 12 2 .. ·91 TOTAL % TOTAL % 
POST-TAU 26 fr_.·31 SAMPLE TOTAL SAMPLE TOTAL 
POST-JAC 29 7_.;04 81,.T ~E~~ JI Pl L, BAU£ 
OL-ST-CR 3 .. 73 0-30 28 20,.00 0-10% 9 13;.·04 
BOL-STRA 11 2,.6? 31-42~ 40 28;5? 11-20% 13 18,;84 
BOL-CRIB 4 ,.97 43-54 24 17. 14 21-30% 8 11,.·59 
BL-5T-RP 11 2.·6? 55-66 22 15 .. ? 1 31-40% 4 5-;.•80 
BOL-AIBP 53 12 .. 86 67-78 11 7,.86 41-50% 5 ?,.25 
BOLTS 105 25.;49. ?9-90 4 ?.,. A6 51-60% 3 4;,35 
RIB POST 51 12 .. 38 91-102 8 5,. ?1 61-70% 5 ?_.·25 
POST+RP 62 15.05 >102" 3 2.14 71-80% 6 8;;70 

81-90% 9 13·_.04 
412 100 .-oo 140 99;99 90-100% ? 1 o.·14 

TOTAL % 
SAMPLE TOTAL 69 100. 00 

E TQ PAM, 
o-s· 2? 12,.44 - - - -
5+-A• 24 11.06 
0+-12· 54 24..,88 
12+-1s• 3 2 14..,75 

TOTAL ,., 
15+-1?· 10 e .. 2 9 TOTAL "" 1?+-19' 9 4 .. 15 SAMPLE TOTAL SAMPLE TOTAL 
19+-20· 10 4_.61 R;!;;B PATN L,A!ijTTEST,.. 

20+-21 • 8 3.·69 0-2 1 RX3C 6 2_. 95 NO 9 2,.22 .. X4.CEN 9 4,.43 21+-22· 0 3,69 YES<1H R 27? 68 .. ·40 .. X5"C EN 8 3~94 22+-23. 5 ?.30 1-4 HRS ?8 19 .. ·26 
23+-2s· 

.. x5•cEN 1 ,.·A9 4-8HAS 8 5 2,.30 1·.98 
>2!3. 1? ?.03 2+-R3RX3 11 5_.·42 PREVSHIF 4 _.99 .. X4 •cEN 35 1? .. ·24 YES>10AY 9 2 ... 22 

99.99 
.. xs·cEN 18 8,.8? UNKNOWN 20 21? 4;;94 
" X6 •cEN ? 3.,.45 
>3RX4C EN 53 26,. 11 405 100;-01 .. s·cEN 39 19_.21 

TOTAL % .. s·ccN 10 4 .. 93 
SAllPLE TOTAL 0 X>6 . CEN 6 2.96 

ef.lce·~o· 
D 167 49;.70 203 10 0.01 
,.2PROP 35 10,.42 
.• 4 14 4,.1? 
.. 6 12 3_.5? 
• fJ fi 1 .. ?9 
1 • '11 12.,.20 
2+-3 2? 8,.04 
3+-4 13 3 .. 8? 
4+-5 6 1 ... ?9 
5+-s· 3 ,.89 
6+-?· f\ 1 . .-79 
>7. 6 1 ;79 

336 100. 02 
60 



~XHIB 
-

TOTAL % TOTAL % TOTAL % 

SAMPLE TOTAL SAMP LE TOTAL SM1PLE TOTAL 

Ml\~ CAUS CO NTF AC1 ~1Jt:i1IE1!H.~ 
N ENF SP 156 28 .,'68 N EMF §p 34 fl,. •OA M ENF SP 9 3 .. ·61 

EXCES VIO 1 .. ·1F3 EXCES YID 1? 2.,·A5 EXCES WO ? 2 ,. A 1 

EXCES DP 0 o .. oo EXCES OP 1 :..·24 EXCES OP o o .. oo 
TESTHIG 54 9:.93 TESTING 106 2 s .. · 1 e TESTING d? 24,.90 
CONDAJUS 13 2 .. 39 CONDI\JUS HI 4,.28 CONOAJUS 8 J .. 21 
SCALTOOL 1 .. 18 SCALTOOL 3 ., ?1 SCALTOOL rJ 0. 0() 

NO SCALE 12 2;.-21 NO SCALE 19 4 ,. 5 1 NO SCALE 6 ? ,.41 

PILA At.I V 24 4 .. 41 PILA R'.'V 15 3 .,56 PILA Fl ''.V 5 2,. 01 
APL SUP T 6 1 .. 10 APL SUPT 7 1,. n6 APL SUPT I\ 1 .. fi 1 

A!IV SUPT 1 3 2.,39 Rrw SUPT 10 2 .. 3Fl m :v SUPT D o .. 00 
m4V f\OLT 2 ,. 37 Rr.,v BOLT 1 .. 24 A'..I V BOLT D n .. on 
DEL TE t' P 3 :. 55 DEL TE MP 5 1. 19 DE L TE' IP 0 0 .. 00 

EDP OPF.R 78 14 ,. 34 EQP OPER 1 1 ?. ~ 6 1 EA P OP ER 2 ,.BO 
EQP FAUL 33 fi,. O? EQP FAUL 15 3 .. 56 EDP FAUL 1 .,40 

NOT 09EY 42 7 ,.'72 NOT OBEY 24 5_. 70 NOT 09EY 14 ~ .. 6? 

OK ,INAOQ 26 4,. ?A OK,H!AOQ ? 1,.66 OK,INADO 1 .. ao 
LAG AREA 3 ,.55 LAG AREA 3 .. ? 1 LAG /\ REA 2 ,.80 
LOOSR DOF 19 3 ,.49 LO OSROOF 23 5 .. l'll'i LOOS ROOF 2 0 A,.03 

CLAYVEIN 4 ,. 74 CLAYV EI N 9 2 .. 14 CLAYVEHJ II 1 ,. 6 1 

SLIP-FLT 11 2·;. 02 SLIP-FLT 18 4. ·28 SLIP-FLT 15 6,. 0 2 
OTHA Fl. T 3 ,. 55 OTHA FLT 14 3 .. 33 OTHER FL 1? 4,.82 
NEA!lGOOS 2 .. 3? NEAAGOAS 6 1 .. 43 NEARG O~S 12 ll,. 82 

INTF.ASEC 1 .. 18 INTER SEC 0 o .. oo HJTE RSEC 4 1,.61 

P/\STF/\LG 8 1 .. 4 ? PASTFALS 1 1 2 .. 61 PASTFALS ,0 4,.0 2 

DIFFnOOF 2 ,.3 7 D;tFF ROOF 5 1 ... 19 DIFFROOF , .. 4 0 

PROC DEV 5 .. 92 PROC DEV 10 2,. ·3B r no~ r, r:,, 
, ~" A ~ .. ·21 

o·rncn 0 n .. no OTHER n o~·oo OTH ER (l o .. ·no 
NO SUPV 4 .. ?4 NO SUPV 24 5 .. 70 NO SU PV 35 14,.06 
N (1 PL /\ M 18 3 .3 1 NO PLAN 10 2."38 NO PLAN ? 2. fl 1 

' 

5ll4 100.01 42 1 10(1 . 02 249 99.99 

' 
TOTAL % TOT AL % TO TAL ,, 

SA PLE TOTAL SM•PLE TOTAL SA tA PLE TOTAL 
VIC JOB ).(It; cc CREW DO 
CUTTI NG 41 6 .. 67 HAND IHN 1 ,. 14 HAMO ,nN 3 .. 4? 
DRILL I NG 9 1,.46 CO NT '.' IN 56 ? .. (jfl CONT IHN 125 19 .. 72 
SHOOT 22 3,.58 CUTTING 16 2 ,. 19 CUTTING 28 4 .. 42 
TOP CREW 3? fl .. 02 DA IL FAC 1A ?. ;a? OfHL FAC 1? 2_.68 
ORILLROL ?1 11,. fi ll SHOOTrnG 16 2 .. -, CJ SHOOTI NG 15 2,.3? 
rMCHL OAD £16 1 ~ .. ~IA HANDLOAO 32 4 ,.3 9 HAN OLOAO 31 4,.8 9 
HI\ JOLDD 35 ri .. <i9 t..lACHLOAC 51 ?,.00 ~rn CHLDAD 108 1? .. ·03 
CDrlTIHN A 95 15 ,. 45 SHUTTL E 49 6 ,. 72 SHUTTLE 12 1 .. A9 
GE IL U3R 1A 2 .. 93 RO OF TE ST 8 1,. 10 ROOF TES 0 o .. oo 
SHUTTLE 7 5 12 .. ?0 RFSCALE 18 2 .• ·47 RF SC ALE 2 .. 32 
TR/\KH AUL 5 5 0 .. 94 SET TI MS ll 3 S· .. 90 SETTI•rn 28 a .. ·42 
nEP/\IRU J ?1 1 1. 54 RF OR&RT 4 6 6 :.-31 RF DR&BT 38 5;99 

CLF./\NUP 34 .II :.·A6 CLEANUP 18 2 .. A4 
615 100. 00 TA/\ 1 '.'.II JG 72 9,.AB TR/\W.H MG 30 4 .. 73 

TOTAL '!'., RE!.l F/\LL 10 , .. 3? RE, FALL 19 3,.00 

SAM PLE TOTAL RE•~ SUPT 19 2 .. fi 1 AE ~I SUPT 6 .. 9!i 
n EP/\IR 60 fl .. 2 3 AEP/\In 53 fl,. 36 

~·" L.~~~ 11 .. ?6 TAK !IAUL 6G 9.,·05 TAK HAU L 76 11 .. 99 
HELPE A6 surEnvrs 1? 2 .. ·33 SUPEnvIS 0 o .. no 
OPR -WKR 523 ?1 .. 55 ossrnvn! 1? ?. .. 33 OR SERVIN 0 o .. oo 
AS 0 T FOR ? ,.96 

HJGP ECT 1n 2,.47 INSP EC T 3 ,.4 7 
FOREHAN 65 fl,. A9 NOT il I IG 10 1 .. . 1? NO HING 6 · .. 95 
I.II NF" FOR 31 4 ,.24 

OTH ER sn 5 ,.·0G OrH ER 14 2 .. 21 
7 .. 96 f>UPINT 

1,.37 SlH'\VEY 2 ,. 2? suRvE·, 1 .. ·16 
01'/NER 10 LONG '.'iALL 0 0 . OD LONG\1/ALL 1 .-rn 
C JGf\ 1 .. 14 

OTHER 1 . 14 
729 99.·9 9 634 100 .·02 

?31 100 .-01 
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:EXHIBIT' 3 

TOTAL % TOTAL ~ TOTAL ,, 
SAMPLE TOTAL SAMPLE TOTAL SA•IPLE TOTAL 

MEN •:: ARN l'IK ALONE ~a.u £aIU 
NO 498 81,. 91 No 59A A2,.•26 GODO 13 1,. 00 

YES 110 10.09 YES 129 17,?4 O.K. 25A 35,.?3 
POOR 406 56 .. ,> 3 

60A 100. 00 72? 100.00 BAO 45 6,.23 
UNKNOWN D o·,·l1o 

722 99·. '99 

TOTAL % TOTAL ,, 
SM4PLE TOTAL SAl.1PLE TOTAL 

tUN \'/ARN ei;;e.B E!Clii 
~rn 28fi 53,.·27 NO 40A 56 .. ·12 

YES 156 36.?3 YES 319 43.·A8 

452 100. OD 727 100.00 TOTAL ,, 
SAMPLE TOTAL 

E;J2RUI E~ 
NO 397 71 .. 2? 

TOTAL .., YES 160 28 .. ·?3 

TOTAL CJ, SAMPLE TOTAL UNKNOWN 0 0~00 

SAl.!PLE TOTAL Llt~UI 
~lle:i£~'j8A~ NO f,Q 1 02 .. 90 557 100, 00 

NO 503 80 .. 22 YES 48 6,.62 

YES 124 19.?8 PROA NO 1 ,.·14 
PROB YES 75 10,34 TOTAL ,., 

627 100.00 SA\4PLE TOTAL 
725 100, 00 IHNE A~w 

NO 330 5?. .. cm 
TOTAL % YES 294 4?;12 

SAMPLE TOTAL UNKNOWN 0 o.oo 
~up•vrso 

4?,.·12 
TOTAL % 

NO 32? SM,PLE TOTAL 624 100. 00 
YES 36? 52.88 FORE DEC 

100.00 GOOD 4 ·,.68 
694 0 .K. ?6 1?. .. 93 

POOR 1?5 ?9 .. ?6 
BAD 121 ?0,.·58 
NOT UAOE 212 36.·05 TOTAL % 

TOTAL % SA'iPLE TOTAL 
SAP~PLE TOTAL 588 100.00 ED6E fl!;;~ 

,IDB QEY NO 58 16 .. 16 

NO n25 A6,.21 YES 300 83 .. 5? 

YES 100 13,79 UNKNOV/N 1 .28 

??.S 10fl .'DO TOTAL ,, 
359 100.01 

SMIPLE TOTAL 
MGT POLI 
GOOD 30 4,. 16 
0 ,K •· 264 36,.62 
POOR 298 41 .. 33 

TOTAL .... BAD 06 11 .. 93 TOTAL '¥o 
NOT !.!ADE 43 fi~96 SM.4PLE TOTAL SA!1PLE TOTAL 

l~~D ,11 IO(i ?21 1 ClD·.OO l.~I ltil::.iE 
NO 2fl4 3!1,.·23 0-3 MO.-. 541 74,.'·?2 
yr:g 440 60 .-?? 3+-6 P.10 • 1n3 14,;23 

6+-9 25 3,.45 
??4 10n. nl1 9+-12 5 ,.69 

TOTAL ~ 12+-18 4 .. S!'i 
SAMPLE TOTAL 10+-24 3 .. 41 

P~IIB8It:I >24 4 ,.55 
TOTAL '¥, GOOD , .. -14 NEVER 39 5.39 

SAl.1PLE TOTAL 0 .K. 38 5;;26 
\'/K [XP~ POOR 510 ?0 .. 64 724 99~99 
NO 601 83 .. 01 BAD 173 23 .. 96 
YES 123 16 ;99 NONE 0 o.oo 

724 100.00 722 100 .·OD 
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TOTAL % EXHIBIT 3 
EXPLOSIONS & BUMPS SAMPLE TOTAL 

~~t:lUI ~I TOTAL % 

GOOD a o .. oo SAFlPLE TOTAL 
TOTAL Of., O.K. 0 o .. ·oo COP.1 EQP 

SAMPLE TOTAL POOR 2 33 .. 33 dodo 2 4,. 1? 

OVERflURD !:!AD 3 so .. oo OK 36 ?5 .. 00 

6-fo?P 1 12 .. so NONE BUT 1 16.6? POOR ? 1fl,.58 

200-L:99' 1 12 .. 50 BAD 0 0,.00 
500-?99. 0 0;.00 6 100 ~00 NONE 3 6.25 
800-1299 1 12,.50 - -

1300-19C 2 25 .. 00 TOTAL % 48 100, 00 

1900-26C 3 3?,.50 SAMPLE TOTAL 

2G00-32C 0 o •• oo ~M~}fi~A~o >3200' 0 o.oo 0 O,.i)O TOTAL % 

LO\'/ & DK 1 16,.6? SA11PLE TOTAL 

8 100. 00 OK & LOI'/ 0 0,.00 ,ie I U, 
., OK & OK 3 so .. oo GOOD 10 10 .. A? 

LOW & - 0 0 .. -00 OK 61 6f,,. 30 

EXPLOSIONS OK & - 0 0,.00 POOR ? 7,.61 

- & L0\11 2 33.,33 BAD 8 A,.70 

- & OK 0 o.oo NONE 6 G,.52 

TOTAL % ONLY AFL a n.no 

SM1PLE TOTAL 6 100.00 

r.HHH;iX 
92 .oo.oo 

NO 1 10 .. 00 TOTAL % 

YES-TEST ? ?0 .. 00 SAMPLE TOTAL 

YES-NT 2 20.00 % P1H;~TH 1 
D-.·S% 1 14.,29 

10 100 .-oo .. 6- .. 7% 0 o .. oo 

-~-.9~ 0 0,.00 TOTAL Cf:, 

1 .. ·0-1 .. 2"!, 0 o .. nn SN1PLE TOTAL 

TOTAL ,, 1 .. 3-1,.6% 1 14,.29 ~R~~-fHll. 
SAMPLE TOTAL 1,.?-2 .. 2% 0 0,.00 GOOD 13 10,.74 

C.1Je1 L11J~I 2 .,3-3,.0'h 0 o,.no OK 88 ?2,.?3 

NO . 2 25 .. ·00 3 •. 1-'1.0% 0 o .. oo POOR 4 3,.31 

P-.11;'PII 1 12 .. 50 >4.0% 3 42,.86 BAD ? s .. ?9 

,.11- .. 14 0 o .• oo EXCESSIV 2 28.·5? FAILED 3 2,.48 

,. 1 5-.. 1 El 0 0,.-00 Nm1E 6 4,96 

.. 19- .. 21 0 o .. oo ? 1Cl0.01 

·,. 22- .. 24 0 n .. oo --- 121 1(10.01 

,.;:>5-,.29 1 12 .. ·so HAULAGE ONLY 
.• 30-.. 35 0 o .. oo 
,36-.llO 0 o .. ·oo TOTAL ~ 

>. 40PP'.I 1 12,.50 SAMPLE TOTAL 

NOT SPEC 3 37,50 HAUL. s;1,.A I 

0-5" 10 6,.80 1 OTAL 'I'> 

8 100. 00 5+-?- 14 9,.·52 SAt.~PLE TOTAL 

?+-9 14 9,.52 E:-~EI f; fl 
TOTAL 01, 9+-11 ? il,.?6 NO 25 62_.fiO 

SJ\t~PLi TOTAL 11+-13 4 2 .. ??. YES 15 37,50 

[31J!;.IHHJ~I 13+-15 3 2,.04 

MnNr- ?. ?.5, nO 1!1+-, 8 2 1;.36 40 100.00 

Y[G-AOQT 3 37,.S(l 1A+-21 1 ,.66 

YEt,-NA :) 37.Sn 21+-24 2 1,.36 

24+-30 0 0,.00 

A 100.(1(1 30+-36 2 1,.36 

- - ~ 
>36"0A A EIS 59.86 - . TOTAL % 

14? 99.98 SAHPLE TOTAL 
TOTAL "ti 1;;18.1 II GE.180 

GAl•PLE TOT I\L 0-1% ?9 59,40 

~ e i;i ~ ,n 1;H:l 1+-2% 20 15,.04 

no 1 12,.50 2+-3 9 6_.·?? 

Y ES'.'!I GE S 1 12,.·so 3+-4 8 f, ,. 02 

YFS 11 ACH 1 12 .. 50 TOT/\L "'• 4+-5 3 2,.26 

YrG CIG (l Q,.·no SAl.!PLE TOTAL 5+-6 4 3,.·01 

YfS SPK ,., ;,s,.nn TAK CONO 6+-? 4 3,.01 
c.. 

rrG-'t/\TC: (1 n .. Pn GOOD 42 2fl .. 5? ?+-8 1 ,.?5 

CO'.l!HMAT 2 ?5,.00 OK 81 55,. 10 0+-9 0 o .. oo 

0:!1En 1 12.50 POOR 22 14 .. 9? 9+-10 4 3,.01 

HAO 2 1 ·.·36 >10% 1 ,?5 
8 1(10.(10 

14? 100. 00 133 100. 02 
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FATAL VICTIM DATA SECTION 
(ONE PAGE SAMPLE) 

EXHIBIT 4 

.__....._........_.! .......... l .......... __.[_....!__.__,___,_----'-----'-_.!1. Name 

1-1 I 1-1 
rn 
EE 

D 

EE 
D 

D 

2. Social Security Numbe::.· 

3. Number of survivors (0 , 1, 2 -- ) 

4. Total und e rground mining experience 
(Years) 
(Months, if :tes s than 1 year) 

5. Did victim actions contribute to the ac c ident occ u r rence? 
Yes = l 
No = 2 

If answer to #5 is no, skip questions #6 to 12. 

6. Total experience at the task victim doing at time of 
accident 
{Months) 
(Weeks, ii less than 1 month) 

7. Was task part of victim's normal job responsibilities? 
Yes = 1 
No = r.. 

8. Victim's job level 

0 
I 
2 
3 

4 
5 

6 
7 
8 
9 

Apprentice 
Helper 
Operator /Worker 
1st Line Supervision 
2nd i..ine Supervision 
Mine Owner, ManageJ. (beyond 2nd Line Supervision) 
Mine Staff (Engineer, Clerk., etc.) 
Mine Inspector 
Mine Vis itor 
Other 
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I. INTRODUCTION 

CHAPTER 4 

ANALYSIS OF THE JOBS AND TASKS 
OF FAT AL ACCIDENT VIC TIMS 

The fatality report data base ~s tablishcd under this contract cannot be 
completely analyzed withL"l the time limits of the contract, nor was the 
pel'.formance of such an exha·.1stive analysis the intent of the initial contract. 
The data base, as previously explained, was established to support the basic 
field I.E. Study and to demonstrate the feasibility and cost effectiveness of 
a computerized man-machine interactive accident data base. 

We have already show,~ various interested personnel in the Bureau the 
analysis presented ir. this report. This analysis, plus the computer 
demonstration which has been given to Bureau personn~l, are designed 
to "whet the app etite11 and to demonstrate the need for an.:i potentia l bene­
fits of a data base ths.t can be eas i ly quer ied for complex combinations of 
interacti ng variables .. 

This chapter b egins with a c a psule o verview of fatal accidents as illustrated 
in the ''J AVAT 1 1 (Jobs vs . Activity of Victim vs. Accident Types) Chart. This 
chart graphically i llustrates the relationships between the three variables. 
Accident frequency rankings of the job classification and job task activity of 
the primary victim are given next. The last sections of the chapter present 
an in- depth analysis of the apparent effects of task experience on accident 
occurrence and give specific recommendations . 

A variety of other pertinent topics including federal c:>mpliance, s e am height 
r elationships to roof falls and roof fall exposure will be discu·ssed in Chapter 
5. 

II. JAVAT CHART 

The 11JAVAT 11 chart (Job vs . Activity of Vic tim vs . Accident Types) presented 
in Exhibit I describes who W2S killed, doing what, and in what kind of accident 
between 1966 and 1970. The 729 fatal accidents on the chart are distr ibuted 
in a three-way classification, with each box representing the primary victim 
of e ach accident. The type of accident is represented by the columns, the 
victim's task activities are represented by the rows, ar~d within each box is 
a letter code for the job classifications. 
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The job classification most frequently involved in each type of accident is 
crosshatched. In the case of victims performing repair activities for 
example, the chart indicates that repairmen are killed most frequently in 
machinery accidents. Where a ppropriate, operators and helpe rs are 
differentiated. 

F::>r each column representing a type of accident, the victim activity with 
the highest nwnber of fatalities is heavily outlined. For example, tramming 
i s the most dangerous activity for machinery accidents and repai r work is 
most dangerous for electrical accidents. 

In general, within each victim activity (for all accident types) the highest 
-,,umber of fatalities occur in the corresponding job classification: timber­
men are most frequently killed while setting and removing support; roof 
bolters are usually killed roof drilling/bolting, etc. For many activities, 
however, no one job classification stands out: removing support has timber­
men as the most frequent job classification, although timbermen are only 4 
of the 19 victims involved in removing support; in roof falls within 25 feet 
of the face, each of the 8 victims who were removing support has a different 
job classification. 

Because many activities are performed by a variety of persons, the typical 
coal miner is expected to learn and perform a large number of tasks, 
including those jobs close to the face. This means that new workers, 
especially those learning on the job, must suffer an unusual amount of 
frustration trying to learn so many new tasks at once. It is not surprising, 
therefore, that the new worker is considerably more accident prone than the 
senior workers . However, the data suggests that a factor called job task 
experience is even more important than just total mining experience, as will 
be discussed later in this chapter. 

III. FATAL ACCIDENT FREQUENCY RANKINGS OF JOB AND TASK 
CLASSIFICATIONS 

A. Job Classification Rankings 

Exhibit 2 ranks the frequency of accidents by the job title or job classifi­
cation of the principal victim. The frequency rankings are shown for all 
accidents, and for each of the following accident categories: roof fall, 
mobile equipment and non-mobile equipment. Roof fall accidents are 
exclusive of rib or face falls. Mobile equipment accidents are those 
involving moving equipment (shuttle, tranuning, hauling, e tc.) in 
primary and secondary haulageways or active intersections and passage­
ways. Non-mobile equipment accidents include stationary equipment 
(often being repaired) or equipment active in the face area (continuous 
miner sumping, roof bolter drilling, ·etc.). 
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Operator and helper job classifications were considered separate jobs in 
the rankings for the following machines: continuous miner, cuttin g ma­
chine, and loading machine. This may not always be a valid assumption 
because helpers are often killed operating these machines as illustrated 
in the "J AVAT" chart. Even in this case, however, our field observations 
indicated that the helper is typically not as well qualified to operate these 
machines and is also not necessarily the person who operated these mach­
ines in the absence of the regular operator. Consequently, we concluded 
that separate records should be kept for oper;:i.tors and helpers. 

As shown in Exhibit 2 , the shuttle car operator is the most dangerous 
job classification in all types of accidents (if the loading and continuous 

I 

miner operator and helper jobs are classified separately as discussed 
above). This is not too surprising since the shuttle operator works not 
only at the face area but also in very active secondary haulage areas 
and intersections. 

R oof bolters rank first in roof falls and second in non-mobile equipment 
accidents. With such a high percentage of bolters involved in roof fall 
accidents, it is not surprising that senior and more experienced men bid 
away from roof bolting positions, leaving them to be filled by new workers, 
thereby compounding the problem and causing even greater safety hazards. 
T h e non-mobile equipment accidents of the bolters involve the machinery 
they customarily operate. In many instances the bolter is pinned against 
the rib or roof by the boom as a result of using the wrong control or im­
properly handling the controls. 

Repairmen, who rank second along with the roof bolter s in overall fatal 
accidents, have the highest number of non-mobile equipment accidents. 
Although they rank third in mobile equipment acc i dents, this category 
actually involves a higher number o f total accident occurren ces than the 
nwnber one ranking, non-mobile equipment a c cidents. In other words, 
more repairmer.. died when moving face equipment to a safe or convenient 
place for repair or when traveiing in the mine on battery-powered t ractors 
or jitneys th an when actually repairing stationary equipment. It is our 
belief, therefore, that repairmen should be thoroughly trained in the 
operation of all equipment to avoid handling machinery who s ~ controls are 
unfainiliar to them, 

Loading machine opera tors ranked third in overall accident frequency, 
second in roof falls and fourth in mobile equipment accidents . F o r emen 
1-"' l a ced a clos e fifth in all accidents, ranking fourth in roof falls and third 
in non-mobile equipment accidents. Since the foreman is us\lally in the 
fac e area and his a c tivities are so varied, it is not surpris ing that he ranks 
high in all accident :::ategories. While the continuous miner ope rator is 
mainly involved in roof falls (third), the helper places fourth i n "other" 
equipment acc idents, although he also !"anl(s high a s a victim of roof fall 
accidents (seventh). 
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B . Task Activity Rankings 

Fatality frequency rankings by task activity are significantly different 
from job classification rankings .. The 11JAVAT 11 C hart in Exhibit 1 in­
dicates that those activities whic!-1 ranked highest in fataliti es, such as 
tramming, repair, and machine loading, were often performed b y crew 
members not normally assigned that job. For example, only 30 (or 50%) 
of the accident victims killed while performing repair work we r e actually 
repairmen. 

On the other hand, although many of t he victims were engaged i n a n 
a c tivity other than their normal job classification at the time they were 
killed, in most cases tl1e task activity was related t o the victim 's job 
classification (roof bol?.er setting props, continuous miner trammin g , e t c.). 

Part of the dis c r e pancy betw een job a nd task classific ations arises from 
the needs of the mining production cycle. Thi s is e specially true in the 
face area where workers are ex pected to be able to perform a wide var­
iety of tasks. Setting props, for example, is usually a production bottle ­
neck. Using the continuous mine r crew to set timbers between cuts i ns tead 
of waiting for t he timbe r men can substantially expedite pro duction . 

Another way m iners frequently becom e engaged i n unfamil i a r tasks i s by 
substituting for absent men. Not many of the fatality reports i n dic a ted 
absenteeism as a contributing cause of the accident. This i s incons i s tent 
with our field observatiQns which noticed many cases of high abs enteeism 
and job substitution. The effect of high abs enteeis:.n on accident rates 
should be investigated more thoroughly since it is closely r e l a ted to the 
significant task experience effects shown in the next section. 

The detailed analysis of fatality frequencies by task classification is given 
in Exhibit 3. As c an be seen from this chart, tramming (72 fatalities), 
mainline haulage (66 fataiities ) and repair work (60 fatalities) a r e the thr ee 
most common task a c tivities being pe r formed at the time cf the fatal ac­
cident. The reader is refecred to th2 11 JAVAT 11 Chart f o r a complete 
description of the job cla s sific atioP.s of these victims. 
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C. Implications of Job and Task Variety 

In hoking at the two type:,; o: job activitie s - - those highly t·onfin e<l to a 
joc clas s ification (e.g., machi,1e loading) and those ac complished by a 
variety cf job :::lassifications (e . g., setting timber s) , we cannot determine 
at this point whether accident frequencies would be reduced if miners were 
confined to performing only those tasks which are a part of their regular 
job. That is, setting timbers may result in more roof fall accidents be­
caus e so many different workers are involved and because many of the s e 
workers may lack sufficient roof control training and experience . On the 
other hand, if the task of setting timbers were confined to the timberman 
job classification, the result might not be to reduce roof fall accidents 
during the timbering process , but merely to change who is killed. In other 
words, the result would be 33 timbermen killed instead of 33 various 
workers killed while s etting timbers . Although one might argue tha t the 
higher degree of specialization and experience would decrease the chance 
of a fatality, the fact still remains that even relatively specia lized jobs 
such as mainline haulage rank high in their respective type of ac cidents. 
What can be recommended, however, is that those job classific a tions 
requiring a variety of activities also require a corresponding range of 
prope r training in each activity. 

IV , UNDERGROUND MINING EXPERIENCE 

Two causes of fatalities are frequently cited by members of the industry: 
lack of mining experience and age. As part of this study we investigated 
both of these variables. Age was not a pa.rticularly significant factor, 
and mining e xperience, per se, was a weak factor compared to job task 
experience. 

A histograzn dipicting fatalities as a function of total mining experience for 
all accident classifications is displayed in Exhibit 4 . Similar graphs for all 
roof fall accidents and for all equipment accidents are included in Exhibits 
5 and 6. In all three graphs , with the except ion of the first year, the number 
of accidents is almost constant through time. Unfortunat ely, the number of 
men in the industry with in each category of exper ience is not known. If the · 
number of men in the industry in each expe rience category i s directly pro­
portional to the accident frequencies shown i n Exhibits 4, 5 and 6, then one 
could conclude that there is no re l ati onship between expe rience and accident 
occurrence. Hence, normalizing census data from the industry is needed 
to draw more precise inferences from the data. 

One will also notice in Exhibits 4, 5 and 6 that there is a slight increase in 
the number of fatalities occurring to men h a ving 20-25 years of mining ex­
perience. This phenomenon can be expl ained by the higher number of miners 
who fall into this experience bracket, as infer r ed from Exhibit 7. 
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A comparison between the age distribution of the fatality sample in the d a ta 
base and the age distribution of the workers in the coal industry (BCOA survey, 
Decen1ber, 1967) is given in Exhibit 7. In this exhibit the similar ity between 
the age distributions is readily apparent. There are two minor deviations, 
however , The men in the 21-25 year old category have a disproportionately 
higher number of fatali ties while the men in the 51-55 year old category have 
fewer fatalities than would be expected . These observations may imply that 
while age does not appear tc play a significant role in accounting for the dis -
tribution of fatalities among miners, younger and therefore probably inexper­
ienced miners tend to have slightly more fatalities than older men. 

·v. JOB EXPERIENCE AND ACCIDENT FREQUENCIES 

A , Definition 

As shown in the previous sections, the task being performed by the vi.ctim 
at the time of the faf;al accident is not always the sarr..e as the victim's job 
classification. Similarly the amount of task experience which the victim 
has is not necessarily the same as his mining experience because of job 
mobility. 

Since there was a susp:i.c10n from the field study that cask inexperience is 
related to fatalities, this category was coded in detail up to three years; 
a single category was used for all victims with greater than three years 
-:;f experience. (Originally, it was ass urned that tasi experience beyond 
three years would not be significant.) Only 609 of the 731 fatality reports 
coded indicate the amount of task experience of the victim or person 
responsible for the accident. 

Task experience refers to the degree of familiarity which the victim had 
with the activity in which he was engaged at the time of the accident. For 
instance, the task experience for a foreman who was driving a batte ry­
powered tractor was coded according to his total experience as a foreman 
since this activity happened to be a normal part of his job. A roof bolter 
killed as he was setting props or scaling the roof would have a task ex­
perience coinciding with his assigned job experience since these are 
normal job-related activities. 

Experienced workers learning new jobs , or engaged in activitie s not 
usually associated with their regular jobs, often have low task expe rience 
despite their extensive mining experience . A continuous miner operator 
may have had ten years' experience on a continuous miner; however, if 
he was killed operating a shuttle ca1· e1.ud had only operated the car a few 
hours or days in the past, he would have been classified as having little 
task experience. A cutting machine ope:.·ator who was attempting an 
electrical repair would have had task experience corresponding to his 
degree of experience in el~ctrical repair work. 
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B. Fatal Accident Avoidance Learning Curve 

The data presented in Exhibit 4 indicates that almost half of the 609 vic­
tims had less th an three years of task experience. Approximately 1 /3 
of the coded victims had task experience of less than one year! Exhibit 
5 for roof fall accidents and Exhibit 6 for equipment accidents indicate 
remarkably similar patterns. Exhibits 4, 5, and 6 suggest a strong 
relationship between t ask experience and fatal accident occurrence. 

The task experience graphed in Exhibits 4, 5, and 6 is shown in much 
greater detail in Exhibits 8, 9, and 10, respectively. Each of these 
exhibits shows task experience by year, by month and by week. The 
graphs all show a nearly identical exponential-like decline in fatality 
frequencies over the first several time periods. The significance of 
the task experience effects measurable in weekly increments may indi­
cate an especially sensitive relationship between task experience and 
fatal accident occurrence. 

The abrupt decline of accident frequencies when related to weeks of 
task experience shows up particularly clearly in two categories of total 
underground mining experience as shown in Exhibit 11. The first curve 
illustrates the task experience time effects in weeks for men who had 
a total of less than two years' experience in underground mining. The 
second curve shows the same relationship for men who had over twenty 
years of t otal mining experience. The total number of fatal accidents 
varied signific antly between the 50 victims who had less than two years 
of total experience and the 335 victims having over twenty years of 
total mining experience. The group of accident victims who had greater 
than twenty years of total experience have a higher residual curve 
(after about twenty-six weeks) of fatality frequencies than the new men. 
This should be expected, however, since over 50% of the men in the 
industry are 45 years old or olde r and hence are likely to have 20 or 
more years of experience. 

The significance of Exhibit 11 is the remarkably similar pattern of 
fatal accident frequency decline per week of task experience for the 
t wo most extreme categories of underground mining experience: less 
than two years and greater than t wenty years. (Exhibit 11 is also a 
good example of the need t o obtain normalizing industry data about 
job and task experience and turnover for more precise conclusions.) 

The same exponential-like decline in accident frequency as a function 
of task experience is again found when roof fall accidents and equipment 
related accidents are examined individually. (See Exhibit 12.) This 
similarity was a surprise to our entire staff since the presumed acci­
dent causes within the two accident categories are so different. 
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The same effect is again found in Exhibit 13 for moving and non-moving 
equipment-related fatal accidents. Although moving equipment fatality 
frequencies do not decline as rapidly per month or per week of task 
experience as non-moving equipment-related accident frequencies, the 
general declining frequency pattern still applies. This effect indicates 
that it may take longer to learn to avoid fatal accidents when operating 
moving equipment. 

':'0 further ve rify the learning curve hypothesis developed in the preceding 
paragraphs, we next investigated all job classifications and task classi­
fications to see if the same characteristic exponential curves fit these 
classifications. Exhibit 14 compares twelve common job classifications, 
and Exhibit 15 compares twenty - one common tasks or ope rations per­
formed in mining. B oth exhibits show the percentage of the total number 
of fatal accidE.;nts as a function of task experience measured in months. 
The results in gene1 al tend to support the safety learning curve hypothesis. 

Possible exceptions of the learning curve hypothesis are the jobs of face 
driller and shot firer which peak between 3 and 6 months of task experience. 
Alar ger number of fatalities in these categories might h ave yielded the 
characteristic curves of the other job categories. Other histograms also 
show a second peak in the 3-6 month category: cutting machine operator, 
loading ,::"lachine operator, timberman, hand loading, supervising, etc. 
We can offer n o explanation at this t ime for this phenomenon. 

The fatality avoidance learning curves for each task activity shown in 
Exhibit 15 repeat the exponential decline of the previous exhibits. The 
tasks with the highest percentage of victirrls killed having less than one 
month of task experienc e were: removing support (23%), clean-up (16%), 
shuttling (13%), inspecting (13%), undercutting (14%), scaling roof (13%), 
and roof drilling and bolting ( 14%). 

Exhibit 16 illus trates the relationship betwe~ n roof falls and task exper­
ience. We found the strongest task inexperience effects when the victim 
was under unsupported roof unnecessarily. Since unsupported roof 
situations are the most common fatal roof fall accidents, it follows that 
experience is more critical in recognizing potential roof fall situations. 
Even under permanently supported roofs. there are task experience 
effects, again indicating that experience is helpful in recognizing when 
the permanent support is likely to fail. 
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In trying to verify th-e fatality avoidance learning curve phenom e non we 
examined various types o f mines. A comparison of fatalities as a fun ction 
of task experience for mines with l ess than 15 employees and mines with 
greater than 15 empl oyees is given in Exhibit 17. Approximately twice 
as many fatalit ies occurred during the fi r s t m o n th o f task experience in 
small mines as in the l arger mines . There are a number of possible 
explanations for this effect: 1) safety t raining p ;_·0g r ams are more likely 
to exist in the la :r·ger organizations, 2) th e re may be higher worker turn­
over ia the smaller mines, or 3) there may b e bett er equipment o r greater 
adherence to safe procedures in the larger mines. 

T hrough out the pre ceding analysi s of task exper ience, fatality data has been 
aggregated for the per i od 1966 - 1970 . In E xhibit 19 the fatality frequencies 
as a function of both task ex perienc e a nd total m i ning experi ence are broken 
down for each of the 5 year s . The task ex p erie nce curves for each indivi­
dual calenda r year are not as r egular a s when a ll 5 year s are t aken together. 
In e a ch case, however, at leas t twice as many fa talities occurred during 
the first year of task experi ence a s dur ing t h e s econd ; in 1970 five times 
as many deaths occurre d i n the fir st year a s the s econd! Moreover, ex­
amination of the data fo r 1968, 1969 , and 1970 indicates that there is an 
increas ing t r end in the numbe r of m iner s kille d perfo r ming tasks for which 
they hav e less than one year ' s exp e r i enc e . The frequency of fataliti es 
f or rrriners in t hei r fi r s t yea r of task exper i e nce incr eased 50% between 
1966 and 1970. This trend may be due to e i ther more n e w men entering 
the i ndus~r y o r more experienced men s hifting to new jobs . 

The total mining experienc e cur ve s of Exhibit 19 show that m ore men a re 
usually killed during their first year of underground mining expe rienc e 
than during their second. The exception to this observation is 1966 in 
which less men were killed during the first year. In 1970, h owever, the 
effect was even more p1·onounced, probably as a result of mor e men 
entering the coal mining industry in that year than in the previous y ears. 

C. Mathemati cal Formula 

We believe that these t ask expe rience histograms discussed in th e foregoing 
section. all exhibiting the same exponential-lik e de cline, may b e s tatist i c a l 
evi dence of a safety l e arning curve, at least for fa t al accid e nts . A safety 
learning curve for equipment accidents was e xpected, but our i ndustria l 
engineering staff was surprised to see the nearly identical r e lationship 
for roof fall accidents, which are often assume d to be more difficult to 
avoid. One of the remarkable p r operties of thes ~ c urve s is that the firs t 
year, the first month, or the first week tends to h a v e r oughly twice the 
f requency of fatal accidents as the corresponding secon d y e a r , second 
month, or second week of tar:.k experience. 
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Eaving observed such strong similarities in the cur ves , w e ve r ified 
that a single characteristic curve (Y = AXB) best fi tted each of the 
fatality frequency curves in Exhibits 1, 2 , and 3 using the 1rpe r week11 

scale. The best fit formulae are as follows: 

Coefficient of 
Data Formula Dete rmination 

All Fatal Accidents y = 
- 55 

(15. 4)X • . 98 

Roof F all Accidents y = (7. 26)X - •53 . 97 

Equipment Related y = (6 . 8)x-· 53 . 95 

The above curves, fitted by a computer program , were selecte d as the 
best fit using the least square criteria. The coefficient of determination 
indicates t he degree of fit between calculated points and actual data points 
with 1. 0 representing a perfect fit. The curves were fi tte d to the mid­
points of the bars of the histograr.ns a l ong the X-ax is of experienc e in 
Exhibits l, 2 , and 3 . 

The significance of this cur ve fi t ting process i s that the s ame ne gative 
exponent (B = -. 5) best fits all three categories of accident data . This 
may impl y that the distribution of fatal accidents as a function of task 
experience is characteristic of all these accidents independent of the 
total number of accidents. Moreover, the formula implies that the de­
clining pattern is independent of the number of accidents in the first time 
period. Hence, i f the number of accidents could be reduced in the first 
time period, all subsequent time periods should have fewer ac cidents! 
Since this mathematic argumen: seems consistent with the ex p onentia l 
l earning curves observed by industrial engineers in production applica­
tions, we feel that the curves provide empirical evidence of a s tatistic a l 
fa tal accid e nt avoidance learning curve in underground coal mines . 

VL FATAL ACCIDENT AVOIDANCE L EARNIN G CURYES OR STATISTICAL 
ILLUSION? 

The exponentially declining accident frequencies shown as a function of t a sk 
experience in Exhibits 4 through 19 are non -norn~alized accident frequencies 
and may not be a valid indicator of accident rates as a function of experience, 
If, for example, one chird of the und8rground mining workers assume new 
job tasks every year, then the task experience histograms, as a func tion of 
the ratio of fatal accident victims to total workers in each task classification, 
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would appear e ss e ntially flat. In other words, normaliz ing the data fo r task 
tur n over may flatten the task e::,perience histograms shown in Exhibits 4 
throu gh 19 , thus refuting the hypothesized exis t ence of fatality avoidan ce 
learning cur ves. 

The amount of industry task turnover can be seen to be a ve r y important 
unknown facto r that could explain away much of the dramatic impact of the 
task experience histograms, especially in the cas ~ of unpopular and danger ­
ous jobs such as timbermen. In the field, we have obser ved small m ines 
wh e re th e job t u r n o ver i n the pre vious y e ar was over 50%. E ven in lar ge 
mine s , w e have b een told of ve ry high tur nover r ates among n ew workers 
recruited fo r e xpanded p roduction. 

Compounding the effects of the obvious task inexperienc e of n e w men is the task 
inexpe rience of men who may have consi de r able underground m in i n g experi­
ence but who change job assignments. Job posting and the seniority system 
combi n e to create a job turnover effect resemblin e a game o f 'musical 
c hai rs II among the workfo rce of a mine. Typically thi rd s h ift or s econd 
shift worker s will bid for day shift j obs, crea ting a p e rpetual job turnover 
e ffe ct for even no rmal rat es of j ob att ri t ion . In cases of s i gnificant work ­
fo rce expansion th e "musical chai r " phenomenon can bec ome severe unles s 
m ine mana gement dilig e ntly im plements a controlled transition expansion 
program. 

On th e other hand, we are not convinced t hat task turnover accounts fo r all 
of the task inexperience effects obse :rved in this study. It s e ems unlikely 
that one third of all the workers in the indust r y are in thei r fir st year of 
perfo r m in g a n ew task, or that 8 % are in their first week of a new task. 
P art of our confidence that the task inexperience effec t s will not be c om­
pletely explained by t ask tur nover is that s tudies in Britain a n d Germany 
us ing n ormalized task e xperi ence data have observed the same phenom enon. 
F urthermo re, afte r compl eting our task experience histograms , w e dis­
covered that we are not the first to show the Bureau that a relationship 
exis t s between fatalities and task inexperience regar dless of total under ­
groun d mining experien ce . The report by E. Corp of Spokane, Dec ember 
I 969, mentioned this fac t , and Dr . Ke n Moor e in the Bure au ' s Operation s 
Res earch Departme nt indicated that others have noted thi s phenomenon , 
although not i n a s much detail . Onl y more resear ch will resolve all do ubt s . 

VII. R ECOMMENDAT IONS 

Having obse r ved a n appar ently s ignificant re l ationship betwe en task experience 
and t h e inciden c e of fatal accident s , there are several questions which one 
might logi c ally ask: Is this pneno:menon present in non-fatal inj u ry acciden ts 
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also? What is the total job mobility and experience profile of coal mining 
workers? How many workers are there in each of the job or experience 
classifications~ performing each of the tasks outlined in our study? Answers 
t-:> the above questions require the Bureau to extend the research and analysis 
performed under t his cont r act on fatal injury ac ~idents to non-fatal injury 
accidents and to normalize all the accident statistics with census data from 
the coal mining worker population . We s t rongly recommend that the Bureau 
fund such a resear ch program. 

If the above researc h verifies the causal rel ationship hetwe~n fatalities and 
task inexperience, the n certain measures can be taken to reduce accid<:mts. 
The first step is to make mine managers throughout the cc11,1try aware of the 
criticality of tas~ inexperience. Our interviews indicated that foI·emen, sup­
ervisors and mine superintendents almost universally tend to ·worry only about 
the inexperiznce of new men rather than about all men assigned to new jobs or 
tasks . 

Secondly, we feel more and better training programs would 1·edt..ce the likelih ood 
of accidents. This statement by itself, however , is almost meaningless and is 
analogous to recommending more safety in the mines. Everyone in the Bureau 
and in the industry s e ems to agree in principle that more training is needed, 
but very few agree on how to c onduct such programs " 

In response to their problems of task inexperience, both Great Britain and 
Germany have adopted a three-pronged p r ogram: trai1.1ing, certification or 
testing of training and close supervision of the worker performing a ne ,v 
t ask. Conditions in these countries, unlike in the U . S . , are cond'..lcive to the 
development of uniform training requirements . In both countries, moi:lt of 
the miners work for a single company: National Coal Board in Britain and 
the Ruhrkohle A.G. (Ruhr Coal Co . ) in Germany. Almost all production in 
these c ountries is in deep strata in large mines where mechanized longwa!i 
sys tems are used almost exclusively. The U .S., on the other hand, uses a 
great variety of mining equipment, has a large number of diverse mining seams 
and is cl~aracterized by widely diverse state manpower certification require­
ments, Nevertheless, we believe the U.S. Bureau of Mines could profit from 
the vigorous development of policies similar to those that both Britain and 
Germany require by law and regulation - - training, certificat5.on of tra ining. 
and close personal_ supervision of men during the first few weeks on a new 
job. Each of these i s discussed in more detail below. 

As a firs t step, the Bureau should conduct a survey of existing trainin g pro­
grams to discover which ones are most effective, Several large, progressive 
coal mining companies have impressed us with their exce~lent programs and 
their records of low accident frequencies and high productivity. An analysis 
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and compilation of the best ideas in each of these programs would serve 
as a constructive guideline for both the Bureau and for mine management 
in establishing improved training programs. 

At the same time the Bureau should perform a research study to determine 
if and how certification tests could be administered to verify that workers 
have been properly trained. This study should i nclude an analysis of the 
cost of administering a certification program and the expected benefit in 
terms of fewer accidents and higher productivity. 

Experimental training and certification programs could next be designed and 
tested by getting a few mine operations , both large and small, with mediocre 
safety records t o voluntarily participate in demonstration programs. Control 
and experimental groups in different sections of the same mine or in different 
mines having similar conditions would increase the statistical validity of the 
results. 

Training programs that only precede a ctual work on the job are not likely to 
address all the problems of task inexperience. The first few weeks or months 
of performing a job involve the classic on-the-job learning curve for produc­
tivity as demons trated by countless industrial engineering studies of new 
worker performance. In both Britain and Germany, all new mine workers, 
after undergoing required training programs above ground, are introduced 
to actual job experience under ground only under a close super vis ion program. 
Colliery managers in both countries and safety statisticians of both govern­
ments have emphasized that this program is vital to obtaining higher worker 
productivity quickly, reducing job turnover, and reducing accidents. 

In addition to 1) increasing mine operator awareness of the effect of task 
inexperience on fatalities and 2) improving training, certifying training, 
and supervising workers performing new tasks, the Bureau should also 
study and propose ways to reduce worker anxiety during training periods. 

One very interesting study of anxiety during on-the-job training was conducted 
at Texas Instruments Co. In the study, an experimental indoctrination pro­
gram aimed at reducing anxiety shortened training time by one half, cut costs 
15 to 30%, reduced turnover, and reduced waste and scrap costs by 20%. The 
study, described in an article entitled 1'Breakthrough in On - the-Job Training11 

(Harvard Business R e view, July-August, 1966) may be especially relevant 
to the problem of high turnover among new workers in the mining industry. 
Our staff is convinced from our field studies that anxiety is one of the key 
factors relating to poor productivity and high accident occurrence in the first 
few weeks of a new job in mining. 
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In surrrmary, our recommendations to the Bureau of Mines concerning task 
experience are to: 

A. Disseminate information on task experience effects to the industry . 

B . Continue research on task experience effacts . 

1. Adel new variables to fatal accident reports, 

2 . Obtain and code information on non-fatal accidents and examine 
relationship to task experience. 

3. Acquire normalizing mine data. 

C. Continue research on job training, certification, and on-the-job training 
programs . 

1. Study selected mining companies with accurate records on training 
programs and accident frequencies . 

2. Determine cost effectiveness of training certification. 

3 . Test training/ certification program. 

4. Develop close supervision program. 

5. Study anxiety problems in training programs. 
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FATAL VICTIM JOB CLASSIFICATION RANKINGS 
UNDERGROUND BITUMINOUS COAL 

FATAL ACCIDE NTS (1966 - 70) 

ACCIDENT TYPE 
All Ac cident Mobile 

Job Classification T otal Roof F all Equip. 
Rank l(Freq. ) Rank T (Freq.) Rank \(Freq.) 

Shuttle Car Operator 1 (75) 6 {26) 2 (41) 

Roof Bolter 2 ( 7 1) 1 (4 7) 9 (5) 

Repairman 2 (71) 13 (12) 3 ( 30) 

Loading Machine Operator 4 ( 67) 2 (44) 4 (9) 

Foreman 5 ( 65) 4 (3 7) 7 (6) 

Continuous Miner Opera tor 6 (59) 3 (40) 11 (4) 
Mainline Haulage Worker 7 (55) 15 (5) 1 (43) 

Continuous Miner Helper 8 ( 40) 7 (25) 9 (5) 

Mine Foreman/Superintendent 9 (38) 9 (22) 4 (9) 
Hcmd Loader 10 (35) 5 (29) 15 (1) 

Timberman 11 ( 33) 8 (24) 15 ( 1) 
Cutting Machine Operator 12 (27) 10 (19) 7 ( 6) 

Shot Firer 13 (22) 12 ( 16) 13 (2) 
Loading Machine Helper 14 (19) 11 (17) - -
Gener al Labor er 15 (18) 15 (5) 6 (7) 
Cutting Machine Helper 16 (14) 14 (9) 12 (3) 

Ownei-- 17 (10) 15 (5) 15 (1) 

Face Driller 18 (9) 18 ( 3) 13 (2) 
Engineer /Other 19 (2 ) 19 ( l) - -

Total 7 30 386 175 

Non -Mobile 
Equip. 

R ank I (Freq. ) · 

9 (4) 
2 ( 14) 

1 (24) 

5 ( 6) 
3 ( 11) 

9 (4) 
5 ( 6) 
4 ( 10) 

9 ( 4) 
12 (2) 

8 (5) 
12 (2) 
- -

14 ( l) 
5 ( 6) 

- -
14 (1) 

- -
14 ( 1) 

101 

M 

~ ..... 
to ..... 
~ 
N 



00 ...... 

PRIMARY FATALITY VICTIM ACTIVIT Y RANKINGS 
UNDERGROUND BITUMINOUS COAL 

FATAL AC CIDENTS (1966-70 ) 

Victim Activity 

Tramming 
Mainline Haulage 
Repair 
Machine Loading 
Shuttle 
Roof Bolting 
Continuous Mining 
Setting Timber s 
Cleanup 
Hand Loading 
Removing Support 
D rilling Face 
Scaling Roof 
Inspecting 
Jack Setting (C/M) 
Supervising 
Obser ving 
Undercutting 
Shooting Face 
Removing Fall 
Nothing 
Testing Roof 
Other 

T otal 

~ 

Total 
All Accidents 
Rank \(Freq.) 

1 (72) 
2 ( 66 ) 
3 (60) 
4 ( 51) 
5 (49) 
6 (46) 
7 ( 41) 
7 (41 ) 

9 (34) 
10 (32) 
11 (19) 
12 ( 18) 
12 (18 ) 
12 (18) 
15 (17) 

15 (17) 
15 ( 17 ) 
18 (16) 
18 ( 16 ) 
20 (10) 
20 (10) 
22 (8) 
23 (5 3) 
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ACCIDENT TYPE 
Mobile 

Roof F a lls Equipment 
Rank I (Freq. ) R ank I (Freq.) 

7 (20) 2 (44) 
22 ( 5) 1 (59) 
13 (11) 4 ( 1 1) 

l ( 42) - -
20 ( 7) 3 (40) 

5 (29) - -
3 (32) - -
2 ( 38) - -
6 (24) 8 ( l) 
4 (30) - -
8 ( 16} - -

10 ( 13) - -
8 ( 16 ) 8 ( 1) 

12 (12) 6 (2 ) 
17 (8) - -
14 ( 10) 8 ( l) 
15 (9) 5 (3) 
10 (13) - -
15 (9) 8 ( 1) 
17 (8) - -
21 ( 6) 6 {2) 
17 (8) - -
2 3 (21) 12 ( 11) 

387 176 

Non-Mobile 
Equipment 

Rank I (Freq. ) 

5 (4) 

9 (2) 
1 (34) 
1 (34) 

9 (2) 
2 ( 13) 
6 ( 3) 

15 ( 1) 
3 (5) 

15 ( 1) 

9 (2) 
6 ( 3) 

- -
6 ( 3) 
3 ( 5) 

9 (2) 
15 ( 1) 
15 ( 1) 

- -
- -
9 (2) 

- -
19 ( 17) 
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CHAPTER 5 

SELECTED FATAL ACCIDENT REPORT ANALYSIS TOPICS 

1. INTRODUCTION 

The fatality data base c annot be completely analyzed within the scope 
of this project. There are literally millions of combinations of variabl es 
that can be tabulated by the computer for frequency of occurrence. Most 
of the contract cost was devoted to building the data base rather than 
analyzing it. 

This chapter contains a series of briefly discussed topics that should be 
of interest to the Bureau. The primary intent of the analyses presented 
here i s to illustrate the kind of relationshi pa that can be studied with 
this data base . Most of this chapter will re devoted to a discussion of 
the lack of victim compliance with accepted procedures and selected 
roof fall accident topics. 

11. COMPLIANCE WI TH FEDERAL, MINE AND FOREMAN REGULATIONS / 
INSTRUCTIONS 

The USBM inspectors who investigated and reported upon the fatal accidents 
often indicated whether or not federal regul ations, approved roof control 
plan procedures, written mine management policies , or foreman instructiono 
were being followed at the time of the accident. Exhibit 1 compares the 
degree of compliance with the three levels of regulations - - fed er al, mine 
and foreman - - in fatal accidents occurring during the five - year period 
1966-1970. 

The coding of these three compliance levels by our staff was difficult be­
cause the wording in some reports was not always precise about compliance 
at each level. Tables 1, 2 , and 3 of Exhibi t 1 do not necessarily contain 
data from the same reports, and the response total varies from 358 to 624. 

Another problem with ~his data is that the investigator frequently referred 
to violations of vague catch-all protective clauses such as II and sufficient 
additional support shall be provided in areas of known faults or unusual 
conditions 11 • The term 11 sufficient support11 beyond the minimum is a matter 
of management or supervisor opinion which may or may not concur with 
what the inspector felt was sufficient. Moreover, " sufficient support" prior 
to an accident by definition becomes II insufficient" after a fatal roof fall . 
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The degrees of non-compliance noted in the fatality reports range from minor 
infractions to very serious violations ; thus 1t is nearly imposs ible from the 
present data base to speculate on how many fatalities could have been prevented 
by total complianc e with federal regulations. As has been noted in other 
sections of this report, an accident might still have occurred even though all 
regulations were strictly followed. Since nearly all fatal incidents are the 
result of a series of contributing circumstances, non -compliance with reg ­
ulations may not necessarily be the major cause of the accident. 

The variable " FEDR ULES11 in Table 1 includeE" all Bureau regulations and 
recommended roof support plan procedures. Note that the definition of 
federal regulations was changed considerably after the 1969 Health and 
Safety Act. Despite all the methodological bias and technical weaknesses 
in the data of Exhibit I, this exhibit still suggests that compliance with 
federal regulations seems t o have improved over the five-year period, 
although non-compliance is still a characteristic of one third of the cases. 

It is in teresting to note in Exhibit 1 that the ratio of compliance with fore­
man instructions is high (56 "yes" to 8 "no" in 1970) but that compliance 
with mine management policies is only slightly better than 50% (68 "yes" 
to 52 "no" in 1970). Compliance with Bureau regulations is even worse 
(47 "yes" to 74 "no" in 1970). In other words, the foreman instructions 
seem to be followed in most cases, the mine management policies followed 
in about half the cases, and Bureau regulations followed in only about one 
third of the cases. A more precise tabulation is shown in Table 4 which is 
restricted to compliance comparisons for the same accidents and Table 5 
which restricts the compliance comparisons to the same roof fall accidents. 
Tables 4 and 5 substantiate the implication of Tables 1-3 that foremen are 
is suing instructions contrary to federal regulations and written company 
rules in the majority of fatal accidents. 

Some examples in the fatality reports of foremen givrng contrary instructions 
to mine policy or federal regulations are: 1) supervising a pillar recovery 
crew and altering the recovery plan, thus weakening the support provided by 
pillars and contributing to a roof fall; 2) having the continuous miner recover 
the pillar stump when the plan called for it to be left; 3) watching a roof 
bolter bolt off the pattern without correcting the situation; 4) failure to test 
the roof f requently or properly so that the crew was working under unknown 
roof conditions; and 5) allowing work to be performed (with the foreman physi­
cally present) unde r unsupported roof without giving instructions t o stop. 
The overwhelming majority of incidents in which the supervisor's instructions 
were contrary to federal regulations were roof fall fatalities involving non­
compliance with the roof support plan. All these examples are in violation of 
federal regulations and often of written mine company policies. In accidents 
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in which the instructions of the supervisor or the mine management were 
followed and feder al regulations were not, a direct management representa­
tive - fo r eman, supervisor, or owner - was often present, seemingly pro­
viding tacit approval to act contrary to his own official policy. The degre~ 
to which management's stated regulations diffe r from actual policy cannot 
be reliably conjectured from the reports ; how e ver, the acciden t investiga­
tors often mentioned this deviation. 

Exhibit 2 indicates that compliance on a year by year b asis in small mines 
with less than 15 employees is considerably worse than i n mines with 16 
or more employees. The trend of increasing compliance seems promising, 
but thi s m ay b e merely a r esult of the closing of many small mines. 

Exhibit 3 shows the amount of direct s upervision and compliance with foreman 
instructions for roof fall victirµs who were exposed t o v arious kinds of roof 
conditions . (The roof exposure question is explained in detail i n the section 
of this chapter entitled II Roof Exposure".) Both tables in E xhibit 3 are limited 
to victims who w ere not superv;i.sors or manage ment. 

The results indicate that workers killed in roof falls were often under un­
supported r oof unn ecessarily, under temporarily supported roof in violation 
of the roof control p l an , or under permanently supported roof in violation 
of the plan with the full knowledge of the immediate supervisor. In a high 
percentage of cases the wo rker s were in full com p liance with the foreman's 
instructions . These result s indicate that many first line supervisors appar­
ently a re not completely convinced that unsupported roof is extremely dan­
gerous and that skimping on support g reatly increases the risk of a roof fall . 

In the field we have met many foremen who say; ' 'I've worked under unsupported 
roofs for 20 years and it's not dangerous if you know what y ou' re doing". This 
man's 20 years of e xperience in escaping i njury from falls of unsupported roof 
presents a barrier to convincin g him of the danger evidenced by relatively 
s t rong empirical data. It i s analogous to convincing a person who habitually 
drives greatly in excess of the speed limit that by so doing he has increased 
his p r obability of having a fatal a c cident. 

A promising a rea of res earch for the Bureau is to continue to study the effects 
of violations , on a c cident occu rrences. Dr. Ken Moore in Operations Research 
has indicated that he made a preliminary attempt fo r the Bure au but that the 
data that he was able to assemble was unsatisfactory. 
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The much improved 1971 fatal accident reports, which list the act-.1aJ. ··.ric- ­
lations , should provide more insight into the effect of non-compliance. We 
understand that these reports will also include the mine I s history of violat:..c n s 
and abatements to determine the relationship of violations to actual mine 
practice . Certainly if a mine with a fatal accident has had a history of re­
lated violations and i3,. poor his tory of abatement_. t h en the management :.n ust , 
in practice, be c ondoning such a c tion. 

The effects of supervision on accidents should also be further examined. 
Perhaps the high compliance of victims to supervisors' instructi ons in fatal 
accidents points out the need for more stringent certification and training 
of mine supervisory personnel. Since the foreman or supervisor is s uch 
a vital link to the worker and is the worker's only source of instruct ion in 
many companies, m ore emphasis on training the foreman migh t reduce 
accidents . 

Ultimately the Bureau needs to be able to measure the safety b enefits th a t 
additional costly enforcement programs might yield. The cost e ffectiveness 
of such measures could then be compared to the benefits which rn.ight be 
derived from inve sting funds in changing regulations , in adding t raining 
programs, o r in technological remedies . 

111. FATAL R OOF FALL ACCIDENT ANALYSIS 

A. Proble ms 

The fatal accident data base was originally designed to support the basic 
industrial engineering contract to study roof fall fatalities. All of the 
fatal accident statistics and estimates of lives saved via the recommen­
dations in the 12 major projects in Chapters 7-18 of this report are de­
rived from the fatality report analysis. Most of the projects r e l at e to 
roof falls; hence they represent fatality roof fall analysis at a detailed 
level. 

On a general level, h owever, roof fall fatality analysis is very difficult 
wi th out normalizin g data from the roof control plans i n the indus try. Any 
meaning ful anal ysis of the general relationship between acc ident frequen­
cies and '?roper bolt len gth, rooms , interse c tions, entry widths , etc . is 
a lmost impossible without quantitati ve knowledge o f th e indus try pract ices. 
If one notic es, for example, tha t virtually all fa tal accidents from failures 
of bolte d roo f oc c ur at entry widths g reater than 22 fe et, the obse rvation 
may not be significant if virtually all entries are also greater than 22 fe e t 
wide, The examp le is no doubt a b i t simple-minded, but the p oin t r emains 
tha t roof c ontrol a nalys i s require s norma lizing data. 
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B. R oof Fall Fatalitie s 

T he number of official USBM roof and ri b fall fatalitie s have declin ed 
as follows: 
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While the number of fatalitie s has declined gradu ally , the frequ e ncy 
rate per million manhours wo rked has declined cons iderably over the 
five -year period. In light of the slight increase in roof fall fatalities 
in 1970, the decline does not appear to be attri butable to the 1969 law. 

P rojecting these figur es into the future based upon the above data, we 
can conclude that there is slight chance for dramatic roof fall accident 
reduction in the 1970 1 s. Even the fatal roof fall accident record of the 
so-called "pe rmanent support" systems utilizing posts or bolts yields 
a fatality rate ~£ 0. l 5 accid ents per million manhours worked , which 
is greater than the 1970 German accident rate of O. 12 per million man­
hours worked for all underground accidents. (0. 15 = 2 9% x 0 . 53 roof/ 
rib fall frequency rate per m illion manhours in the U.S. for 1970 . 
Twenty-nine percent is the percent of 1970 roof fall accidents under 
"pe rmanent suppo rt - plan compliance" from Exhibit 5. ) 

This picture could be improved somewhat by d ramatically reducing 
unsupported roof exposure via mechanized longwall systems or with 
devices such as the temporary truss discussed in Chapter 7. The 
G erman coal systems are almost exclusively mechanized longwall, 
which almost eliminates unsupported roof exposure since the entries 
are supported by yielding arches or trusses. 

The challenges of reducing roof fall accidents in the U.S. are nearly 
as great now with the 1969 law as they were prior to the law. If there 
is any hope of i mproving either c ontinuous or conventional mining 
systems to competitive accident rate levels using mechanized long­
wall systems , substantial research and development will be required. 
In order to conduct such research intelligently, substantially better 
accident data is needed to enabb researchers to define the problems 
more precis e ly. 

C. Roof Exposure 

The roof exposure variable in the data base classifies the three basic 
types of roof conditions -- unsupported, temporarily supported, and 
permanently supported -- into cat egories of questionable and accepted 
mining practice. For e ach fat al accident involving unsupported roof 
conditions, our s taff interpreted the accident report and c oded whether 
it was necessary or unnecessary for the victim to be under the un­
supported roof to perform his job. Examples of victims in situ a tions 
coded as " under unsupported roof unnecessarily" are as follows: 
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1. Roof bolter i nstall ing bolts without tempcrary support . 

2. Continuous miner operator advancing beyond lil'le of permanent 
support. ( Or any worker doing job without permanent or temporary 
support.) 

3 . Foreman testing roof and finding it bad, then standing ·-rnd -e r ·1t for 
prolonged time periods discussing it with another worke:;.: , 

4. Worker repairing equipment or cutting timbers beyond last support 
line . 

5. Workers removing roof fall without installing support. 

6. Mining under unsupported r oof and removing last stump of pillar 
which was originally intended to be left as support. 

7 . Doing scaling or clean-up beyond supported roof without proper 
temporary support. 

8. Failure to install temporary support in accordance wiih plan s uch 
that mine!" not surrounded by support, 

9. Removing support in improper manner (l:nock out with continuous 
miner on r etrea~, strike post to dislodge and move while standing 
under known bad roof, etc. ) . 

10. Continuing to work in area where supports had been dislodged by 
equipment or falls .. 

U nfortunately, an accident involving questionable procedures would not 
always have been prevented if accepted methods had been followed. For 
example, a massive fall might not be related to whether the roof bolte r 
who was under unsupported roof had set temporary jacks or not. On the 
other hand, follo wing accap·i:ed prac tices would no doubt have prevented a 
large number of these roof fall fatalities. 

In x·oof fall accidents involving temporary or permanently supported roof, 
questionable prac tice refers to violations of the roof support plan as noted 
by the USBM inspector who wrote the report. 
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The results of this coding are shown in Exhibits 4 and 5 . Exhibit '± 

shows the exposure tabulation for the five-year period and Exhibit 5 
shows only the 1970 exposure tabulation. Although the total number 
of roof fall accidents declined over the five years, ove r half of the 
roof fall accidents occurred under unsuppo r t e d roof. The overall. 
percentage of questionable practice instances declined from a five­
year average of 65% to about 50% in 1970, wit!'l most of the percentage 
drop in accidents in the unsupported-roof-unnecessarily category. This 
apparent improvement could be reai or it could be a coincidence or 
even a coding bias. The improvement might also be related to the 
closur e of mines, especially small mines notorious for roof fall 
accidents The number of mines has declined from about 5, 000 in 
1965 to under 3,000 in 1971. 

D. Roof Fall Size 

As shown in Exhibit 6, SO% of all fatal roof falls over the 1966 - 1970 
period were in the 101-130 square foot or smaller categories. The 
median size of fatal accident roof falls lies between 10 1 and 130 
square feet. The trend over the five - year period has been toward 
larger roof falls; 1966 had a median category of 71- 100 square feet 
and 1970 had a median category of 181-230 square feet . When weighted 
by the number of victims, the roof fall size for the fiv e years is in the 
131-180 square feet category. This is not surprising since multiple 
roof fall fatalities occur in the massive roof falls . 

In attempting to determine the reason for the apparent trend toward 
larger roof falls, we examined other dimensions of roof size. We 
could find no corresponding increase in the size of int ersection or 
pillar falls, which are the more massive ones, no trend toward 
poorer support conditions or increased a r ea between pillar , room, 
or intersection ribs, and no strong trends in seam height profiles . 
Our only conclusion, then, is that falls are getting significantly longer 
since a stable face entry width precludes their getting wider . Our 
present data base cannot positively support this theory since we 
worked in t erms of square foot size rather than actual dimensions . 
The other possibility is that this is not a significant or lasting trend. 

The median thickness of the roof fall in fatal accidents as shown in 
Exhibit 6 has historically been fairly consistent at 1 111 , while the 
average for the five - year period was 22 11 

-- accounting for 77% of all 
roof falls, (See Exhibit 2 in Chapter 3 fer coding definitions of roof 
fall thickness.) 
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A n alys i s of roof fall size as illustrated here can quick ly i nclude a 
large n wnbe r of other variables . Not a ll re l e vant relationships 
have been investigated and much work remains to be done. The roof 
fall s i z e variable needs to be partially recod ed. Obtaining industry­
wide roof contr ol plan dat a would also make it possible to normalize 
the fre quency dat a shown in E x h ibi t s 6 a nd 7. 

E. S e am Heigh t E ffects 

R oof fall s ize as a functi on of s e am height is shown i n the lower table 
of E x h i b it 7 . Roof fall siz e s e ems to decrease as a function of inc reased 
seam height . Larger r oof fall s in l o we r seams may be related to the 
wider e n t ry widths a n d great er a reas of unsupported roof typically found 
in s m a ller mines with lower s e ams . The wider, unsupported entries 
p rob ably both increas e the probability of a fall and provide a larger area 
ove r which a II r un ning fall11 c an d evelop . 

E x h ibit s 8 thro u gh 14 depict normalized fr e quencies of roof falls 
in each seam h eigh t . All the ex hibit s c ompare the distribution of roof 
fall a cci d ent s w ith the 1966 distrib ution o f coal tonnage in the seam 
height cat e gorie s. P roduc tion for 1966 w as used be c ause these figures 
were t h e late s t publi s hed by the B u reau at the timE: this report was 
w r itten . Cons e q u e n tly, 1966 is the only year for which a valid compar ­
i s on can b e made. (T h e B u r eau maintains cur rent product ion data but 
it was not available in a publishe d fo rm according to the Chief, Office 
of Accident Analysis , USBM, a s of J une 1971.) 

Taken t ogether, these exhib its h elp e xplain roof fall problems in low coaL 
Exh ibit 8 i n dicate s t h at the 0 - 3 foot coal seams exp erience a disprop o r­
t ionate p e rcentage of roof fall accidents. Exhibit 10 may suggest that 
low coal i s more d a nge rou s e ven if the worker is necessar ily out under 
unsupp o rted roof; h o wever t he sample size is small. Exhibit 9 suggests 
that one of the c ontributin g factors is lack of support. Exhibits 11 and 12 
i ndicate that anot h er r e aso n for more roof falls in low coal is a greater 
d egree of roof control plan viola tion s. The sample sizes in Exhibit 13 
are too small for valid inference . E x hibit 14 indic ates that low coal may 
eve n h ave inadeq u ate temporary r o o f con trol plans in relation to other 
seams. 

The pro blems i n low c o al are especially frustrating. The mines are small, 
manpowe r turnover is high, r oof suppor t i s often ignc red, and mine man­
ageme nt is often hostile to the Bureau. T h e inspection problems are very 
great because o f the n e eds and the number of small mines. 
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F. O ther P rom isin g R oof Fall Accident A nalysis T opics 

We have iden t i fi e d a numbe r of facto r s which may be associated wit h a 
large numbe r of r oof fall a c cidents . Each of these requi r es more re­
sear ch, recoding of data or obtainment of n o rmalizing dat a. The s e 
re s earch leads are p art ially listed below. 

1. Roof falls a re mo s t prevalen t in r etreat m i ning when 11-20% of the 
pilla r h as been mined. S e e " %FIL RMV 1 1 in Exhibit 3 of Chapte r 3. 

2. When driving e ntries (room and pillar) the most dan g e r ous roof fall 
point along the t ypica l e ntry is at a bout 20% of the total entry p ene ­
tration distanc e (typically 12-1 5 feet o f a 60-foot cente r - to-center 
distance between cros s cuts). 

3 . M as sive failu re of b olted roof a bov e t h e bolt a nc hor line ::>c ~urs almost 
exclusivel y in ent rie s w i der than 2 2 f ee t . 

4. T here is some evidence that bolts hold tlf roo f a few feet inby the last 
line of support, b ut their effectiveness in fatal a c cidents seems only 
slightly better t h an pos t s . 

5. Bolted roof failure s are preva lent in wide entries ir. l ower s e ams with 
short bolts (30 11 or so ). 

6 . Less t h an 3 5 % of all fatal roof fall victims were killed in a reas whe re 
the di stan ce between t h e closest r ib p oints is under 20 feet. 

7 . More fatal r oof f all ac c ide nts occur in d evel opm ent areas (room 
or crosscuts - 39%) than in t he typic ally larger intersection 
a reas (28%) or pillar areas ( 10%) . 

Obviously , the list is incomplete and m uch work rema ins to be done 
on roof fall a ccide n t a nalysis. 
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IV. RECOMMENDATIONS ON SELECTED FATAL ACCIDENT R E PORT 
AN AL YSIS TOPICS 

A. Considerable research is needed on the effect of the USBM enforcement 
of regulations on accident occurrence. This res ear ch will lead to a 
more cost effective selective enforcement program, similar to that used 
by all large urban police departments. 

B. Roof fall accident analysis a~eds much more work. (Most of the effort 
of this contract was spent building the data base.) Additional analys:r.s 
work should be done in cooperation with Bureau roof control experts, 

C. Normalizing data is desperatel y needed for roof fall accident analysis , 
The first step would be to create a data base of roof c0n.trol plans, 
The next step would be to associate roof control plans with a data bas~ 
on violations of roof control plans . 

D. The existing data base should be revised and recoded. ; 197 1 roof­
fall accidents should also be coded. 
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EXHIBIT l 

THEODORE BARRY AND ASSOCIATES 

DEGREE OF COMPLIANCE WITH THREE LEVELS O F REGULATIONS 
AND/OR INSTRUCTIONS IN FATAL ACCIDENTS 

1966 --1970 

Table 1 

1966 1967 1968 1969 1970 Total 
Federal Regulations 

Followed 

NO l02 66 86 69 74 397 

YES 25 39 32 17 47 160 

T OTAL 127 105 118 86 121 557 

Table 2 

1966 1967 1968 1969 1970 Total 
l\.1ine Regulations 

Followed 

NO 87 58 75 58 52 330 

YES 48 68 54 56 68 294 

T OTA L 135 126 129 114 120 624 

Table 3 

1966 1967 1968 1969 1970 Total 
F oreman Instructions 

F ollowed 

NO 15 5 15 15 8 58 

YES 68 67 55 54 56 300 

T OTAL 83 72 70 69 64 358 
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THEODORE BARRY AND ASSOCIATES 

EXHIBIT 1 
(Continued) 

DEGREE OF COMPLIANCE WITH THREE LEVELS OF REGULATIONS 
AND/OR INSTRUCTIONS IN FATAL ACCIDENTS 

1966-1970 

Table 4 

Fed. Regs. Fed. Regs. Fed. Regs. Fed . Regs , 
Not Followed Followed Not FoJ.lowed Followed 
Mine Regs. Mine Regs. Mine Regs . Mine Regs. 

Foreman Not Followed Not Followed Followed Followed Total 
Instructions 
Followed 

NO 4 7 0 1 0 48 

YES 129 3 35 95 262 

TOTAL 176 3 36 95 310 

Table 5 t,( 

Fed. Regs. Fed. Regs . Fed .. Regs. 
Not Followed N ot Followed F ollowed 
Mine Regs. Mine Regs. Mine Regs. 

Foreman Not Followed Followed Followed Total 
In structi011 s 
Followed 

NO 39 1 0 40 

YES 115 20 63 198 

T O T AL 154 21. 63 238 

~" Roof fall accidents only . 
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Number of 
Employees 

15 and Less 

16 and Greater 

Total 

THEODORE BARRY AND ASSOCIATES 
FATAL ACCIDEN T FREQUENCY 

COMPLIANCE WITH FEDERAL REGULATIONS 
SMALL MINES VS LARGE MINES 

1966-1970 

1966 1967 1968 1969 1970 

Yes No Yes No Yes No Yes No Yes No 

4 36 3 27 3 29 1 16 4 21 

21 65 36 39 29 57 16 53 43 53 

25 101 39 66 32 86 17 69 47 74 
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EXHIBIT 2 

Total 

Yes No 

IS 129 

145 267 

160 396 



Unsup . 
Unne c . 

Victims 
Sup ervi s ed 

NO 67 

Y ES 54 

TOTAL 12 1 

THEODORE BARRY AND ASSOCIATES 

ROOF FALL ACCIDENTS 

Type of Roof Exposu!'e 

Unsup. Temp. Temp. Perm~ 
Neces . Violation Concur. Violation ----

l 3 24 4 9 

20 25 14 20 

33 49 18 29 

Victim L e vel - Trainee, He lper or Operator/ Wo rker 

Type of Roof Exposure 

Unsup. Unsup .. Temp. Temp . Perm. 
Unne c. N e ces . V i olation Concur . Viola tion 

Foreman 
Instructions 
Followed 

NO 24 3 7 3 3 

YES 35 20 25 10 18 

TOTAL 59 23 32 13 21 

Victim Level - T r a i nee, H elper or Operator/Worker 

11 5 

EXHIB T ~ 

Perrr •. 
Concur. To al 

23 140 

37 170 

60 310 

Pe rm. 
C oncur. Total 

l 41 

45 153 

46 194 



ROOF EXPO.SURE 
ROOF FALL ACCIDENTS 

(1966 - 1970) 

CLASSIFIED BY THEODORE BA RR Y & ASSOC IA TES 

ROOF OVER VICTIM 

Unsupported Roof 
Unnecessar i ly 

}\Tecessarily 

SUBTOTA L 

Temporary Suppor t 
P l a n Vi olation 

Plan Compliance 

SUBTO TAL 

Permanent Support 
Plan V iolation 

P lan C ompliance 

SUB TOTA L 

TOTAL ROOF FALL INCIDENTS 

Questionable 
Practi ce 

116 

163 
43% 

54 
14% 

'l -
- i 

8% 

248 
65% 

Accepted 
Practice 

39 
10 % 

21 
6% 

7 3 
19% 

133 
35% 

EXHIB IT 4 

202 
53% 

75 

20% 

104 
l, 7o/o 

381 
10 0% 



ROOF EXPOSURE 
ROOF FALL ACCIDENT~ 

1970 

CLASSIFIED BY THEODORE BARRY & ASSOCIATES 

ROOF OVER VIC TIM 

Unsupported Roof 
Unnecessarily 

Necessarily 

SUBTOTAL 

Temporary Support 
Plan Violation 

Plan Compliance 

SUBTOTAL 

Permanent Support 
Plan Violation 

Plan Complianc'= 

SUBTOTAL 

TOTAL ROOF FALL INCIDENTS 

>,I: 1966-1969 vs. 1970 

J. l 7 

Questionable 
Practice 

25 
*43- 37% 

7 
10% 

4 

6% 

36 
6S-53o/o 

Accepted 
Pra ctice 

10 
10-15% 

2 

3% 

20 
29% 

32 
35-47% 

EXHIBIT 5 

35 
53-52% 

9 
20-13% 

24 
24-35% 

68 
100% 



Fall Square Feet 

0- 10' 
11- 20' 
21 - 30' 
31- 50• 
51- 70' 
71-100 ' * 101-130 1 

131-180' 
18 1- 230 ' 
2 3 1 - 330 ' 
331-630' 

> 630 1 

Total frequency 
Media n freq. point 
Average Size 

F a.U Tni cknes s -
Inches 

1- 411 

5- 711 

8- 11 11 

12- 17 11 

18- 24 11 

25- 32 11 

:3- 42 11 

43- 5211 

53- 6411 

65- 7411 

75-11411 

> 11411 

Total frequency 
Median freq . point 
Average thickness 

* - ---- : Median 

THEODORE BARRY AND ASSOCIATES 
FATALITY ACCIDENTS ( 1966-1970) 

Roof Fall Size-Square Feet/Frequency of Occurrence 

1966 1967 1968 1969 1970 

2 2 3 3 7 
5 3 4 2 3 
5 6 7 6 5 

:. S 'l - 15 7 6 
9 3 2 6 4 

10 8 8 3 4 
10 3 4 -- 3 I 

3 7 4 3 I 
1 7 "' 6 4 '" 
4 9 6 6 6 

11 10 20 IO 11 
18 12 8 11 16 
93 77 83 66 68 

100 SqFt 180 SqFt 120 SqFt 180 SqFt 230 SqFt 
254 SqFt 264 SqFt 245 SqFt 268 SqFt 306 SqFt 

Roof Fall Thickness/Frequency of Occurrence 

1966 1967 1968 1969 1970 

15 9 15 8 10 
23 20 15 9 8 

- 12 - 12 15 i8 16 - - - . -- . -- ·-. 
9 12 18 7 13 

12 5 10 6 5 
7 4 3 2 3 
7 0 4 6 3 

2 2 I 2 2 
2 3 2 1 I 
I 2 2 1 1 
l 4 3 2 6 
1 3 2 4 1 

92 76 90 66 69 
11 11 11" 11" 11 11 1111 

l 8 11 23 11 21" 26 11 2311 

l 18 

EXHIB IT 6 

Total 

17 
17 
29 
50 
24 
33 
21 
18 
20 
31 
62 
65 

387 
130 
266 SqFt 

Total 

57 
75 

·-· 73 --
49 
38 
19 
20 

9 
9 
7 

16 
11 

383 
11 11 

2211 



EXHIBIT 7 

THEODORE BARRY AND ASSOCIATES 

FATALITY ACCIDENTS (196 6 -1 970) 

Seam. Height Versus Support 

Support Type 0-3' 3+ -4 1 4+ -5 1 5+ -6 1 6+ -7' 7+-8 1 Total 

None 5 8% 13 12% 10 12% 5 10% 5 16% 3 14% 41 
Posts, Rib Posts 46 75% 60 52% 33 38% 17 33% 4 13 % 3 14% 161 
Bolts & Bolt Comb. 11 18% 39 36% 43 50% 29 57% 23 72% 16 73% 163 

TOTAL 62 101 % 112 100% 86 100% 51 100% 32 101% 22 101% 365 

Seam Height Versus Fall Size (Square Footage} ..... 
Frequency of Occurrence ..... 

'° 
Fall Sq. Ft. /Seam Height 0 - 3 1 3+-4 1 4 +-5 1 5+-6 1 6+- 7 ' 7+-8 1 Combined 

- - -- -- --

0- 10 1 1 1 5 0 4 5 16 
11- 20 1 3 5 3 2 2 1 16 
21- 30 1 2 8 5 7 2 3 27 
31- 50 1 4 16 14 8 5 2 49 -· 
51- 70 1 5 7 7 2 1 0 22 
71-100 1 7 9 10 2 4 1 33 -

101-130 1 6 7 4 3 0 0 20 
131-180 1 -· 6 - 7 4 0 1 0 18 
181-230 1 3 7 4 4 1 1 20 
231-330 1 2 12 5 2 6 2 29 
331-630 1 12 18 11 10 4 1 56 

> 630 1 11 16 14 1 1 2 6 60 
Total Frequency 62 113 86 51 32 22 366 
Median Freq. Point 180 SqFt 130 SqFt 100 SqFt 23 0 SqFt 100 SqFt 50 SqFt 
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SECTION III 

F ATALITY REDUCTION PROJECTS 



CHAPTER 6 

INTRODUCTION TO FATALITY 
REDUCTION PROJECTS 

This section presents the analysis and underlying rationale for the major 
recommendations of the Industrial Engineering Study. Twelve Fatality 
Reductio n Projects are presented in Chapters 7 through 18. Each of these 
projects focus es upon equipment, procedure s, or s ituations which com­
monly c ause accidents and which, if improved, offer potentially high r 1payoffs 11 

in terms of lives saved per dollar expended. 

Each project is organized according to the following outline: 

I. STATEMENT OF THE PROBLEM 

II. ANALYSIS OF THE PROBLEM 

III. SUMMARY OF RECOMMENDATIONS 

IV. POTENTIAL LIVES SAVED ANNUALLY 

V . COST TO IMPLEMENT RECOMMENDATIONS 

A Cost-Benefit Approach 

Our approach to the problem of reducing underground fatalities has been 
to evaluate potential solutions from a "real-world'' perspective. The 
bituminous coal industry in the Unit ed States is a private, self-supporting, 
profit-making industry, and we believe that reconunendations for im­
proving safety must be made within that context. More specifically, we 
believe that eve ry recommendation for improved safety must be carefully 
weighed in terms of both reduc ed fatalities ~ cost to the industry as 
a whole . In our analysis, we have attempted to deal with the relation ship 
between reduced fatalities and increased costs by using classic evaluation 
tools. Our approach is outlined in the following paragraphs. 

Conceptually, if precise ''payoffs" in te.rms of lives saved could be attached 
to specific safety recommendations, and if precise estimates c ould be made 
of the industry-wide cost of implementing these same recommendations, a 
classic cost-benefit curve could be constructed as follows: 
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What the curve suggests is that some pote ntial safety improvements are 
more efficient than others. Recommendation If l, for example, has a 
greater potential impact upon fatality reduction per dollar invested than 
Recommendati on #10. The dashed line indicates that only limited re­
sources exist with which to deal with the safety problem and that recom­
mendations which push the cost of safety beyond a certain leve l of total 
capital investment (shown on the chart as a hypothetical break-even point) 
are infeasible. 

A cost-benefit curve such as the one described above would be a useful 
tool for evaluating safety recommen dations. In our case, lives saved 
(potential benefits) would be measured in terms of dollars invested (po­
tential costs). In reality , however, such a curve is difficult, if not 
impossible, to construct since it assumes perfect knowledge of future 
events -- 11 How many lives will it save? 11

, and 11 How much will it cost? 11 

The cost-benefit curve also assumes an ability to measure costs and 
benefits precisely. 

Because future events are uncertain and because our estimates of costs 
and benefits cannot be measured exactly, we shall perform only a crude 
cost-benefit analysis in this report as a means to provide a sensible way 
of eva l uating the practicality of our recommendations. In each Fatality 
Reduction Project, an estimate is made of the number of potential lives 
to be saved annually as a r .esult of implementing a particular recom­
mendation. An estimate of the industry-wide cost is also presented. 
Some recommendations require investment in new or re-designed equip­
ment; other recommendations involve only procedural changes in work 
cycle design and therefore are 11 fr ee11 in the sense that lives can be 
saved for no additional investment b y the indus t ry; still other recommen­
dations , we believe, not only will save lives but will actually reduce 
costs or improve productivity. 

Overall Payoff 

We estimate that the annual, industry-wide gross cost of the recommen­
dations outlined in Chapters 7 through 18 lies in the $50 - 100 million 
range, depending upon the system of implementation. This amounts to 
approximately 14 - 28¢ per ton of coal, assuming annual industry pro­
duction of 360 million tons. This expenditure will result in 60 to 100 
lives saved annually. The recommendations are not mutually exclusive; 
the results are therefore not additive. F or example, some lives can be 
saved either by a mobile skid-truss (Chapter 7) or by better operator 
protection on the continuous miner (Chapte r 10). The collective overlap 
makes the total number of lives saved difficult to estimate. 
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We would like to emphasize that throughout this report we have employe d 
conservative estimates . It is quite probable that productivit y increases 
as sociated with various recommendations could substantially reduce the 
industry c o sts presented here. We think it also important to p oint out 
that the increased industry costs resulting from implementati on of the 
1969 Health and Safety Act may well have exceeded the c os t estimate s 
presented here. Consequently, many of our r ecommendations, if com ­
bined with selective revisions of those p ortions of t he law which are not 
now cost effective, might be implemented at a net savings, or at least 
at no additional cost to the industry. 

One further poin t must be made regarding t he cost analysis conducted 
throughout this study. Because the approach taken in this study is a 
broad, industry-wide evaluation of underground safety, costs a r e eval­
uated on an industry-wide basis as w e ll. Even though broad, macro­
analys is is the tool utili z ed in this report, we would c aution the reader 
to remember that the cost impact of various recommendations will vary 
with productivity from mine to mine throughout the country. It is quit e 
likely, for insta nce , that the economic impact of any recommendation 
in this report would be greater in a small, low production m ine than i n 
a lar ge, captive mine. This va r iation in the abili ty of individual mines 
to absorb the increased cos t of safety has already proven to be a realit y 
in t h e impl ementation of the 1969 Health and Safety Act. 
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C HAPTER 7 

TEMPORARY SUPPORT 

I . S TATEMENT OF THE PROBLEM 

This fat ality redu ction project should be conside red i n conj unc tion with 
the p r oject concerning " Permanent Support " discussed in th e foll owing 
chapter. They are both part o f the t otal support problem and overlap 
in many a reas 

T he s i n gle m ost dangerous underground activity fo r the p eri od 196 6- 1970 
is the group of tasks perfo r med under temporary o r no support. Approxi­
m ately 73% of the roof fall fatalit ies for this period fall in this category 
(277 fatal accidents) and m o st fr e quently involve the following job du t i e s: 

A . Set T e m por a ry Support 

B. Remove Tempor ary Support 

C . Test R oof 

D . Sca le R oof 

E. Bolt Roof 

Almost all o ther fac e activities involv e some direct or indirec t dependency 
upon tempor a ry suppo r t also. 

T he gre ate st single problem with temporary suppo.:'c 1.s the use of improper 
and unsafe methods of installing these supports. On ly 6% (2 1) o f the fatal 
roof fall accid ents during the 1966-1970 period occurred under p roperly 
installe d tempo rary supp ort; 10% (39) of the fatal accidents occur red while the 
victim was unde r unsupported roof necessarily. In cont rast , 43o/o ( 163) 
of fatal roof fall accide nts occurred while the victim was under unsupported 
r oof unn ecessarily; and 14% (54 ) occurred with improperly installed tem­
pora ry supp orts. 

While pe rma nent support and other physical c on ditions can be observed by 
an inspector dur ing regular visits, temporary s upport is e ssentially a 
p rocedural activity -vhich canno t be adequately evaluated on a "spot -check" 
ba sis. It may require an impractical number of inspectors to guarantee 
adhe r enc e to safe unsupp.orted and temporarily suppo rted roof procedu res 
in underground bi tuminous mines. In other words, if safe pro cedures 
could b e installed, monitored, and enforced with any c onstancy, then 
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temporary support fatalities could be significantly reduced . However, 
since constant enforcement appears impractical, the most effective 
approach seems to be to design a temporary support system which 
eliminates or reduces the opportunity for procedural violations. 

II. ANALYSIS OF THE PROBLEM 

Industrial Engineering p-:.·ovides an insight into the reasons for violation of 
safe operating procedures and outlines some of the physical/ economic 
constraints that affect safoty decisions. Roof fall and other fataliti es have 
been found to occur most frequently under unsupported roofs in small mines, 
low seams, less productive operations, less affluent states which are farther 
f rom markets. These factors add up to a description of marginal operations 
whose economic opportunities are significantly less than the industry average. 
These mines comm.only operate with high labor turnover, minimal manage­
ment expertise, low capital and tight p rofit margins. Ther e are outstanding 
exceptions to this generalization, but even the exceptions operate with one 
or more of these handicaps. 

In spite of the relative problems of these small mines, it is important to 
keep in mind the high productivity of these handicapped operator s when com­
pared to non- U.S. coal production. Capital intensive mines in Europe would 
break records if they could achieve even half the productivity per man of 
som e of our smaller mines. These small operators are a national a s set but 
need help in the form of safety devices that do not decrease productivity. 

The small mines suffer over four times as many fatalities per million man­
h ours and over six t imes the number of fatalities per million tons as mines 
employing over 250 workers. In our 1966-1970 roof fall fat ality analysis, 
small mines accounted for over 32% of the total fatalities while contributing 
only 12% of the total production. Much of this difference is due to physical 
and other conditions not related to the size of the mine. For example, 
their equipment may be hand-me-downs from larger mines investing in new 
and more efficient ma:chines . 

The number of roof fall fatalities is particularly high in seam heights under 
five feet. These seams yield about half of the bituminous coal p roduced 
underground but account for over 70% of the fatal roof fall accidents under 
unsupported or temporarily supported roofs. Since approximately 59% of 
these unsupporte d fatal accidents were coded as under unsupported roof un­
neces sarily, the largest single problem appears to be keeping workers under 
support when it is not necessary to be under Wlsupported roof. This category 
includes a variety of workers and expos·..1res. A freouent observation during 
the Industrial Engineering study was the worker wh0 chatted with a machine 
operator or perhaps held a roof bolt or other needed object while under un­
supported roof. In one instance the roof bolter helper stood outside the 
temporary supports during the entire roof bolt cycle in order to hand the 
operator the roof bolt at foe end of the drilling subcycle. The roof bolter 
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operator was protected, but the helper was not . A great deal of casual 
" visiting" also takes place under these circumstances and solutions must 
consider this senseless pastime. 

The danger is not restricted to any one rrumng style or situation. In a 
typical nrine, the area of unsupported or t emporarily supported roof might 
average only one to two percent of the total underground workings, but the 
occupancy rate is substantially higher. A meth od of providing temporary 
support that is equivalent to or better than permanent support must be 
developed. In addition, ease of use, cost, and the ability to remotely install 
temporary support should also be considered. 

Any temporary support system must: 1) p rotect workers who inspect or 
test roof in newly cut areas, 2 ) prot ect the roof bolter while he installs 
permanent suppor t, 3) prevent roof flexing and sagging, 4) serve as a 
warning dev ice for roof mov ements, and 5 ) provide support from which the 
brattic e curtains c an b e hung (optional). In additi on, the practicality o f an 
improved system rests on three factors: cost, productivity, and improved 
safety. These criteria all s uggest a lightweight, low cost, manageable 
piece of equipment such as the portable hydraulic ski d truss described 
below. 

The following illustr ations outline a pos sible configuration and m i ning pro­
cedure for using a skid truss w ith a continuous miner. A loader would 
handle the truss in a s imilar m anner but might h ave to pull the truss back 
a few fe e t to load coal shot from the face . 
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CONTINUOUS MINING EXAMPLE 

Place bolted 
and ready for 
advance of 
18 to 20 feet 

Jacks fully erect a waiting 
mine r . Right panel of s up­
port is "CLOSED" and 
serving as brattice. Con­
nect to regular brattice by 

20 ' of loose material on 
"CURTAIN" cable. 

FIRST 
CUT 

. AIR RETURN 

RETURN 

V 
¥ 

20 1 entr 

FACE 

17' Truss 

I f 
1 -

' 
Brattice 

Quick disc onnect for 
hyd raulic & mechanical 

s connection 

------•------.... + '"4- Brattice 

©- Tow cable with hook 
@- Hydraulic umbilical on 

•<..--- Miner advances truss to meet 
brattice requirement 

AIR RETURN -----..-;i-----...,;;r-------+ .-Brattice 

I 

Miner trams out -----~ 
Truss in place for roof bolter 

SECOND CUT - 18 1 to 20' Total 
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Although the truss module wo uld be light enough to be pushed by two men, 
it should be maneuvered by machine without the presence of helpe rs to 
m inimize the potential for injury. The double module would have a quick 
di sconnect s o that inte rsections could be .1egotiated one unit at a time or 
with only o ne s id e attached. This woul d minimize the p r oblem of moving 
a bulky p iece of equipment (17 ' x 12 ') through intersec tions and eliminate 
rounding o corners, the reby i ncreas ing the span. 

The tru s s width is subject to a naly sis but probably could n o t be wider than 
the room width minus 3'. This clearance is needed for maneuvering the 
module and allo wing an ade quate c ross-section for return air in most mines. 
The brattice curta ins would be pe rmanently mounted on the return side of 
the module and connected to more permanent ventilation control with a 
spring tension material looper. This feature would enable the machine 
operators to advance the system without delay s for ventilation control. 

Attachment to the continuous mine r /loader could be as simple as two lengths 
of light cable with appropriate hooks and e yelets, or as complex as remote 
control cable ree ls actuated by the ope rato r . The hydraulic Uinbilical could 
also be rather simple with a weighted pulley loope r or tensioned reel, both 
of which would keep the slack out of the hookup. The machine hydraulic 
reservoir and press ur e system would be modified to provide jack control 
from the operator's seat. Bracing for the jacks and truss would be minimal 
since lateral forces would not be significant. 

It is likely that a s kid arrangement might require some mechanical leverage 
for manual movement so a s imple lever arrangement on each s kid should be 
considered. The lever could be a reversible foot that would be operated by 
the weight of a man, lifting and advancing the skid in small increments, 
Another possibility would be caster-mounted lightweight but large diameter 
tires which would b e very lightly sprung to lift the weight of the module 
with jacks retracte d . The remaining alte rnati ves become heavier, more 
expensive and les s flexible as self-advancing designs are considered 
(piston or crawler types ); howe ver , they may also be much more appro­
priate i n actual use, Particularly interesting because of cost and weight 
advantages is the piston concept. The cost estimates do not differ greatly 
from the " skid" estimates outlines in the next section. 
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This proposed truss system is not particularly innovative in character. 
A western mine is currently using lightweight trusses s uppo rted by 
hydraulic jacks to advance the full length o f an entry. Alloy trusses 
for this purpose are now manufactured in a configuration that is strong, 
lightweight and inexpensive. The safety and p r oductivity benefi ts of 
such a system are unquestionable, but is i t a work able alterna tive? 

Information previousiy available suggests that roof falls average about 
one foot in thickness . While not complete, TB & A roof fa ll analysis indi­
cates significant differences in fall size by lo cation in the mining system. 
Almost 60% of the falls occurring during the deve l opment phase of continuous 
mining operations within 2 5' of the face a re less than 11" thick. In con-
ventional development in seam heights of 4 1 - 8 1 • 68% of the roof falls near 
the face fall into this catego ry. 

1966 -1 970 roof fall percentages in array : 

Continuous Development 

Continuous Pillaring 

Conventional Development 

Conventional Pillaring 

All Roof Falls 
(% under 11 11 thick) 

( ~ 25 1 to Face) 

61.5 % 

15. 1 % 

53.8 % 

so. 0 % 

4 -8 ' Seams 
(% under 11 11 thick) 

( ~ 25 1 to Face) 

59 .4 % 

12.0 % 

68. 0 % 

so. 0 % 

Sta tic loadings can now be calculated by type of mining, seam height, loca­
tion and other variables that have not yet been fully a nalyzed. USBM 
roof control scientists m ay be able to provide p re dictive modifiers for 
static loading that would c :msider the natural support characteristics of 
various roofs. If dynamic loading considerations are eliminated, a given 
s t rength will s u pport much more than the static weight . Numerous roof 
fall s h ave oc cur red as a re sult of removal of one or two pos ts that in them­
selves were capable of supporting only a tiny fracti on of the total weight 
that fell. 
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Calculations that use static weights to stress supports will drastically 
under state the percentage of falls that would have been avoided if a 
given support system were present. An 80% static support level could 
conceivably be a 99% effective support level under certain conditions. 

For example, a lightweight support system that is capable of supporting 
approximately 40 static tons would have supported 83% of the conventional 
development falls. If we as swne that all falls under 24" in thickness 
would shear at the support and not subject the support to the weight of 
the entire mass, over 93% of the falls were supportable. However, the 
same support system in continuous pillaring would have supported only 
36. 5% and 42-44% of falls in these two categories. Obviously, there are 
differences in stress; a lightweight system may not have the support 
capacity required for pillaring in continuous systems. 

III. SUMMARY OF RECOMMENDATIONS 

A. We propose the development of a portable hydraulic skid truss to be 
used in conjunction with the continuous miner and mechanical loader. 
The device would be a simple lightweight support module incorporating 
four conventional jacks and two lightweight trusses. For continuous 
development two of these modules would be needed, while for conven­
tional development one would be sufficient. One or more modules could 
be used for retreat mining. 

Each module would be equipped with a quick disconnect for hydraulic 
and mechanical connection to other units and equipment. An umbilical 
cord would allow remote operation by the loader/miner operator. Light­
weight cable attachments could be attached to other equipment for con­
venient movement on the skids. The target weight of each module would 
be under 500 pounds so that the unit could be manually moved by two men. 
Eight single (conventional mining) or double {continuous mining) modules 
would be appropriate for the development of 5 entries with regular cross­
cuts. 

The brattice could be attached on one side of the modules to eliminate the 
need for the manual performance of this duty during the mining/loading 
cycle. Extra brattice material, hung on a spring-loaded storage looper 
or curtain cable by the roof bolter or other worker under the safety of 
supported roof, would be advanced automatically to the back of the skid 
truss m1it. 

B. Many other partial solutions are possible with more widespread communi­
cation of safe a nd e ffective work cycle procedures throughout the industry. 
For example, due to the frequency of falls near a rib or face, the timber­
man is probably better off placing the fir st temporary support post nea.r 
a rib. At present, the location of the first prop is often in the center of 
the working place. Both management and unions should be responsible 
for insuring the adoption. of safe work procedures involved in the hazardous 
tasks associated with temporary support. 
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C. Improvements in hydraulic props which provide an indication of pressure 
leakdown and roof-floor convergence would lead to m ore w idespre ad use 
of hydraulic jacks. Since these provide an inherently safer temporary 
support system than timbers, many roof fall fatalities could be avoided 
by their use. (See Section IV, Chapter 20, Areas of N ew Re search, for 
a discussion of hydraulic jack improvements.) 

IV. POTENTIAL LIVES SAVED ANI\UALLY 

Potential Lives Saved: 22 

(ot5 

Anticipated Fatalities 
Typical Year 
Early 1970 1 s 

I 22 

Potential 
Lives Save:1 

I 
43 

Unaffected by 
Imp rovements 

The p otential payoff of an improved t emporary support system is the 
highest of all functional areas surveyed, since fatalities under temporary 
or unsupported roof represent one third of the t otal fatalit ies for the 
period 1966-1970. ':'he aggregate figures above are broken down in the 
illustrations ..;vhlch follow. 
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Calculations for Estimate for Fatal Roof F all Accid ent in Early 1970 1 s 

UNSUPPORTED 
PERM A NENT AND AND TEMPO RARY 
TEMPORARY OK WITH VIOLATION TOTAL 

1966 24 67 91 

1967 27 C";f"', ?7 -' V 

1968 24 56 80 

1969 24 41 65 

1970 25 42 67 

Total 1966- 124 256 3% 
1970 

Average 24.8 51. 2 76 

Estimate for 24 4). 6 5 ? atal Accident s 
Early 1970 1 s 

Reduction Factor 24 96. 8% 41 = 80% 65 = 85% -- = -
for Hopeful Trend 24.8 51. 2 76. 

Adjustment Fa '--te:-,r = 1.. 085 Fatalities Per Accident 1966- 1970 

Direct Dependenci s 
38 Fatal A ccident x. 80 trend x 1. 085 (Fat. /Ac cid .) = 6. 6 Lives 
5 years 

Indirect Dependenc i~,3 
77 Fatal Accidents::: . 80 trend x 1. 085 (Fat . /A cc id.) = 13. 4 Lives 
5 years 

Permanent Support and Adequate Temporary Support 
.!.Q. Fatal Accidents x. 968 trend x 1. 085 (Fat. /Accid.) = 2. 0 Lives 

5 years 

N et Potential Lives Saved Annually = 22. 0 
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V. COST TO IMPLEMENT RECOMMENDATIONS 

Assuming no increase in worker productivity, it is estimated that the 
annual, industry-wide cost of the mobile truss system would be about 
$1. 5 million. T his figure i s derived from the following calculations : 

• (1800 continuou s sections nationwide) x (2 module s per s ection) 
x ($1500 per module) = $ 5. 4 million 

• ( 1800 conventional se c tions nationwide) x ( l module per section) 
x ($1500 per module) = $ 2. 7 million 

• $8 . l million total cost -;- 5-year amortizatio n = $1. 62 million 
a nnual indu stry cost 

Further calculatior.s result in an estimate of the increased cost per 
ton of coal produced per estimated life saved 

• E stim ated annual cost per life saved -
$1. 62 milli on+360 million tons,+22 lives saved=. 02¢/ton/life saved 

Based on the outlined increase in worker productivity due to a decrease 
in fa tal accidents , it is ve ry like ly that the ra te of r e turn on investment 
would be higher than most a lternative capital investments available to 
commercial operators. This assumption, however, can o n ly be vali­
dated in the field on a controlled basis. 

No calculations h ave been offered on the po tential produc tivity increase 
associated with drivin g 60' -80' under support provided by a 
string of module s. Alth ough a similar system, in whi ch the trusses 
are raised individually for j ack insertion, i s currently being used 
successfully in module form, serious advancing problems may arise 
as each module is added. On the other h and, if the s upport system 
fulfills its s a f ety potent ial and there is a corresponding increase in 
productivity, it is probable that the industry will be eager to adopt tbs 
system. 
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CHAPTER 8 

PERMANENT SUPPORT INSTALLATION 

I. STAT EMEN T OF THE PROBLEM 

Installation of permanent support i s a difficult and hazardous operation that 
is directly t i ed to the problem of temporary support, which was discussed 
in th e p revious chapter. T he separation of thes e two function s is somewhat 
arbitrary sinc e there is a conside rable overlap of worke r functions. In this 
di s cus sion the permanent support topic will be limited to roof bolting. which 
accounts for th e o ve rwhelming majority of approved permanent support plans. 

Present permanent support equipment and procedures accounted for 46 fatal 
accidents during the period 1966-1970. Numerous other fatal accidents were 
undoubtedly the direct result of faulty roof bolting procedures. 

The permanent support function is somewhat unique in the mining system in 
that it is not only physically demanding and personally hazardous, but it carries 
with it the responsibility for the safety of all other underground workers. For 
these reasons, i t would seem logical to assume that personnel performing this 
function are the highe s t paid and t he most qualified people in the mine. This 
assumption is wrong on both c ounts. Because of a lower pay scale and the job 
bidding syste m common in most mines, this difficult and dangerous task 
frequently falls to an entry l e vel worker. He is less able to recognize personal 
danger, less likely to do an a d equate job of roof bolting, and unable to provide 
the accurate as sessment of c h anging roof conditions that a n e xperienced man 
"feels" thr ough his drill steel a nd over a ll machine p e rformance. 

The permanent s upport problem is further complicat ed by the inefficiency of 
current equipme nt,which c reates a b ottleneck situation in most mines. The 
time -re lated roof sag of new ly cut pl aces is another important consideration in 
some m ines. Some roofs w ill f all if not promptly supported, and the effective­
nes s of permanent support in many roofs c an be seriously impaired by delayed 
bolting. 

In summary, the single most important function in underground coal mining is 
effective support of the roof. P resent systems do not necessarily contribute 
to the effectiveness of t his function. 
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II. ANALYSIS OF THE PROBLEM 

Exposure Problems 

The real problem is removing the operator, his helper and "visitors" front 
the area under unsupported or temporarily supported roof. Over 70% of the 
roof fall accidents while roof bolting occurred under these conditions, In 
addition to the 46 fatalities previously cited, there were 62 fatal accidents 
while setting or removing timbers and 24 fatal accidents while scaling roof 
or removing a previous roof fall. Roof bolters respectively accounted for 
12 and 3 of these fatal accidents. 

Industrial Engineering observations made during this study indicate that 
the majority of roof bolters are not adequately schooled in the procedures 
that would minimize their exposure. Helpers often expose themselves 
without materially contributing to the productivity of the operation. Obser­
vations indicate that helpers and "visitors II often stand unnecessarily under 
unsupported roof while waiting to hand an assembled bolt to the operator 
or just keeping company. The visitor or helper is often a student whose 
training environment is less than satisfactory - - proximity to a dangerous 
machine while under unsupported roof. Removal of the operator from 
the unsupported roof area will also remove the exposed visitor in most cases. 

One situation observed during the study had an operator working alone 
after only one week underground. Needless to say, this procedure does not 
contribute to safety or productivity in this key function. 

Numerous examples of incorrect procedures were witnessed in a variety 
of mines. 0 ne operator placed three safety posts directly against the 
face and proceeded to bolt under a 10' open span while the mine safety di­
rector and an industrial engineer were present. The safety director was 
obviously unaware of the function of safety posts since this procedure added 
almost five minutes of exposure time while making only a small contribu­
tion toward subsequent roof bolt installation. Knowledge of good procedures 
~nd training practices is not widespread in smaller mines. Erratic spacing 
and "hurry-up" bolting can be found in many mines, both large and small. 

Man-Machine Interaction Problems 

Roof bolting machines have sudden control responses with a great deal of 
bumping and jerking. Control of the machine appears to be a battle between 
a determined operator and an almost uncontrollable, convulsive machine. 
Equipment-related fatalities are not a full measure of the problem since 
this machine also produces far more non-fatal injuries than any other single 
piece of face equipment. Together with industrial engineering observations, 
the fatalities and injuries pinpoint this piece of equipment as the machine 
with the greatest need for redesign. 
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Solution Concepts 

Solution concepts will be discussed below beginning with the most ideal, 
long-range solutions and progressing through less than optimal, but more 
practical, possibilities which might be implemented in the short run. 

A. Continuous Miner Mounted Automatic Roof Bolter 

This is a difficult technical feat which would ideally "float" a high capa­
city automatic roof bolter directly behind the cutting head. Predicated on 
potential gains in productivity, the industry could afford the very high price 
of this solution. A 10% gain in continuous miner operating time would 
probably yield 35% more coal while reducing the number of workers requir­
ed by 12 to 14%. Assuming an applicability in seam heights over 42 11 , this 
machine could potentially eliminate almost all unsupported and temporary 
support fatal accidents, which are expected to total over 30 each year in the 
early 1970's. A mechanically/hydraulically driven pin system appears to 
have the fewest obstacles to be overcome. 

Placing the roof bolters at the side or rear of the machine presents addi­
tional problems which may or may not be solvable. It is conceivable that 
semi-automatic or even manual bolters could safely be used at the rear of 
the continuous miner if the machine provided roof support for the operator(s). 
With an automatic design, two operators could be located on the machine in 
a back-to-back configuration. The operator facing rearward would operate 
the automatic roof bolters and control the action of the loading boom. The 
key to this type of configuration, both automatic and manual, would be the 
use of limiters and proximity switches for integration of the bolter and 
loading boom. 

In addition to canopies, a free standing, floating truss would be necessary 
to provide protection for the operators. The truss support might be a rel­
atively simple canopy that could be expanded laterally and raised off the 
miner by long stroke hydraulic pistons. No mechanical umbilical cord would 
be required since the unit could be retracted laterally and vertically to rest 
on top of the continuous miner for advancing or tramming. The width of 
the miner would be increased only by the width of the pistons on each side 
of the machine. When raised, the absence of mechanical connections would 
provide maneuverability limited only by the roof bolting function. The truss 
support and integrated roof-bolter concepts are shown in the following 
illustrations. 
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CONCEPTUAL INTEGRATED SUPPORT SYST:EMS 
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An interesting near-term possibility is the use of present equipment in the 
safety zone behind the miner. There are several obvious requirements 
such as a boom extension, hydraulic or pneumatic takeoffs, noise supp res -
sion for pneumatics, proximity switches and limite rs, and interlocking 
boom cont rols operat ed simultaneously by the 2 roof bolter operators. 
This alternative might be s afer than using temporary supports and a 
separate roof bolting machine. As we have learned from auger type con­
tinuous miners, howeve r, m en i n proximity to machines must be protected 
from unexpected move ments. Any a ttempt to place men near a machine 
without a safety zone could result in an incr ease in machinery accidents 
that would cost more lives than it would save. 

B. Fail Safe Bolters and Improved Controls 

The obvious alternatives are: 

1. Completely automate the roof bolting operation with remote controls. 
A better platform, lateral tram capabilities, improved transitional 
control, and t hus greater efficiency are assumed. This difficult 
but far from impossible technical feat would remove personnel 
from unsupported or temporarily supported areas. The advantages 
offered by hydraulic roof pin ins ertion could revolutionize roof 
support procedures if development is successful. 

2. Equip present machines with a machine-mounted canopy or truss, and 
relocated and improved controls for greater efficiency. This alterna­
tive requires greater capacity to be practical. The roof bolter 
must be able to follow the continuous miner or loader instead of 
being pushed in a production sense. The bolter must also be 
capable o f rebolting developed areas that experience roof control 
problems while the normal cycle is in progress. The alternative 
is two roof bolters per section, a practice growing in populatiry 
for high production sections. 

C. Better Roof Bolting Procedures 

This is a "now" item that has immediate potential. The biggest obstacle -
communication of known techniques to individual workers - could be over­
come by the education of management, supervisors and workers . 

An example of what can be done under adverse conditions was provided by 
an experienced roof bolter. This man was installing bolts in a roof that 
had been falling constantly during the n ight and morning shifts. The sec­
tion had the worst roof conditions ever witnessed by several management 
personnel who had more than 30 years of experience underground. The roof 
bolter operator did not have temporary support that would reach the height 
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of the place and elected to bolt without temporary support. The operator 1 s 
experience and awareness enabled him to bolt safely while an industrial 
engineer measured his exposure time as less than 10% of the cycle time. 

Subsequent discussion with the operator revealed a rational decision against 
using temporary support even if it had been available. The size and weight 
of the very long supports needed would have exposed 2 men for a far longer 
period of time than the careful approach that was used. Significantly, the 
management of this captiv e mine voluntarily paid the top section wage to 
keep this experienc ed bolter at his job. An inexperienced operator would 
have had at least 2 opportunities to kill himself during roof falls on that single 
cycle. 

The procedure used by this experienced operator was a simple one used 
in a few safety conscious mines. The roof bolter is trammed into the place 
at a 45° angle in order to place the controls close to the last roof bolt on 
the left side of the place. The operator steps back under permanent support 
after centering and starting the bit and i s exposed for only a few seconds 
while adding drill extensions and inserting the bolt. The place is then 
bolted from left to right so that the operator can benefit from the bolt just 
installed in the new line of support. 
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With current equipment the temptation to bolt straight ahead is encouraged 
by the clumsy maneuvering necessary to position the machine in a lateral 
fashion. Straight ahead and random bolting sequences were frequently ob­
served. 

D. Better T raining in Roof Support 

Fatality analysis of task experience suggests that the first week on the 
job is many times more dangerous than any single week in the third 
year of task experience. This relationship seems even more pronounced 
in small mines and for roof fall fatalities. 

There are 4 key factors in effective training: procedures, experience, 
incentive, and supervision. An excelle~t formal training program can 
be ineffective if the worker does not have the incentive to stay on the job 
and gain professional level experience at the task. Several of these four 
ingredients were not present in the majority of mines studied. In the case 
of the young operator working alone after one week in the mine, all four 
ingredients were missing. 

E. Re-evaluation of Roof Bolter Job 

The position of Roof Control Specialist, having the responsibilities, rewards, 
and prestige equal to that of the section foreman, could be created for cer­
tified miners. Combined with an automatic roof bolter, which would remove 
some personal hazards and demanding physical labor, the position upgrade 
might attract experienced men who previously "bid out'' to a safer and easier 
job, The overa ll compliance level of this pivc,tal job would,therefore,be upgraded. 

III. SUMMARY OF RECOMMENDATIONS 

The optimal solution to the permanent support problem is an efficient auto­
matic roof bolter mounted on both the continuous mining machine and the mobile 
loader. However, present efforts in this direction have not developed as 
rapidly as had been expected. 

Current continuous miner roof bolter designs appear to be hang-one that have 
not received industry acceptance for a variety of reasons. The hydraulically 
driven pin system, however, satisfies many of the requirements and its 
development should be given high priority. 
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In the absence of a readily available 11best11 solution, we will focus on practical, 
11sub-optimal11 solutions which show promise of near -te rm payoff. Roof bolting 
is not rated as an extremely dangerous job from an industrial engineering 
viewpoint if the activity is correctly performed. This correct procedure 
includes the use of temporary supports a nd a good knowledge of safety 
techniques, both of which are entirely missing in many mines. This situation 
can be imp;:rove d by: 

A. Better Procedures 

This is not likely to be a rewarding approach to safety due to lack of 
manage ment expertise and motivation in those very mines where improve­
ments are most needed. 

B. Better Training 

Again this approach is likely to be only marginally rewarding due to lack 
of management expertise and motivation in the offending mines. 

C. Inherently Safe Bolter Machines 

If the roof does fall, the operator should be either protected or a safe 
dis tan ce from the fall. This suggests either a remote operation or a 
m achine-mounted canopy or truss. 

D. Better Controls 

Over 1 /3 of the fatal accidents are equipment related, a function of 
machine control. 

I. Tramming is dangerous because of the position of controls at the front 
of machine. The ope rator either faces backward to the direction of 
travel or operates controls "blind II while fac ing forward. 

2. Actual bolting is a "hand II operation with manual drill centering, 
drilling and extension additions, Extensions fit loosely on the drive 
chuck and against the drive bit. 

E. More Efficient Machines 

Roof bolting i s presently a bottleneck in most mines, both continuous and 
conve ntional. This situ ation encourage s out-of- cycle face ac t ivities to 
maintain production pace (e.g., undercutting an unbolted place). 
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F. Re-evaluation of Roof Bolter J ob 

A re-evaluation is needed of uni on practices that encourage bidding off 
this vital assignment. Perhaps new contracts that establish this position 
as the most impo r tant fun ction in the mine in terms of rewards and 
prestige should be ne gotiated and the position of Roof Control Specialist 
or a similar career oppo rtunity should be c reated. 

IV. POTENTIAL L IVES SAV ED ANNUALLY 

Potential Lives Saved: 6 

The annual fatality rate for roof halte rs is exp ected to be approximately 9, 
unless improvements are made . 

ROOF F ALL ACCIDENTS 
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There will be approximately 9 fatal roof bolter accidents annually 
in the early 1970' s. The s uboptimal solution s outlined in the pre­
vious section could potentially preve nt 2 /3 of the se accidents. This 
estimate is base d on seams over 3' and under temporary or unsup­
ported roof. The solutions wo uld be directionally helpful for accidents 
under permanent s upport and would reduce th ese fataliti es also. 

Separation of the analys i s of temporary and permanent supp ort is 
useful for descriptive purposes in this report, but may not lend 
itself fully to a helpful discussion of the benefits from more effective 
means of roof control. T he real payoff lies in the total o f all the 
lives which could be s aved as a result of an integrated support system. 
A total of 46 fatal accidents during the period 1966-1970 occurred while 
the victim was performing directly related support function s such as 
roof testing, scaling, setting or removing supports and resupporting 
after a fall. An analysis of the potential lives to be saved should 
include most of these victims. 

Solution 1 - Integrated Continuous Miner' (or Loader)/Roof Bolter System 

1. Roof Fall Accidents 

This system is estimated to eliminate 75% of the temporary support 
related activities in seam heights above 42 11 (roof falls only). 

• Temporary Support-Related Fatalities (including fall removal) = 
114 total fatal accidents - 45 accidents under permanent support or 
in seam heights above 42" = 69 fatalities 

• Adjusting for the decline in roof fall fatal accidents in the 1966-1970 
period yields a trend factor of • 85 . The trend factor can be used to 
convert fa tal a ccidents into " live s lost11 b ased on the following for­

mula: 

, 85 X 
69 fatal accidents > 42 " seam height x 

5 years 

12. 8 lives lost/year 

422 roof fall fatalities 
388 fatal r. f. accidents 

12. 8 lives lost/year x 75% system effectiveness = 9. 5 lives saved 
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2. Equipment Accidents 

It is estimated that 2/3 of the approximately 3 fatal equipment accidents 
expected annually for the roof bolt support activity could be prevented 
by using an improved roof bolting system. 
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Solution 2 - Fail Safe Bolter 

Assuming that the improved roof bolter will be capable of immediate bolting 
of all unsupported roof, the payoff would be very close to Solution #1. The 
roof will not be supported as rapidly, but no temporary support would be 
used. 

Solution 3 - Safer Procedures 

This is an extremely subjective analysis and cannot be documented with 
available data. It is widely accepted that good procedures are the key to 
safety, but safe procedures are not necessarily the most productive method 
in the short run. If all managements were motivated and could enforce 
safe operating procedures, a majority of the fatalities in all categories 
could be prevented. Thie is not an easily obtainable goal, since even the 
best management cannot gain 100% compliance, Res-ults, however, can be 
achieved by dedicated people, as evidenced by the very low fatality ratio in 

one of the largest captive ntlne companies. 

Solution 4 - Better Training 

Again the payoff is a subjective estimate based on individual assessment. 
Hopefully the improved physical environment generated by better machinery 
will have even more impact when combined with new training emphasis. 

V . COST TO IMPLEMENT RECOMMENDATIONS 

Fail safe bolters, improved control, and improved production efficiency 
have associated expenses which can be estimate d for the industry by multi:­
plying the number of roof bolters by thf' estimated cost of modification. 
Published coal mine data and recent survey results suggest the existence 
of over 2, 500 rotary or rotary - percussion mobile roof bolters underground 
in addition to approximately l, 000 percussion drills. If we assume that 
modifications to existing equipment would total about $6, 000 per machine, 
then industry costs could be computed as follows: 

• Estimated annual industry cost -

• Estimated cost per life saved -

2,500 bolters x $6, 000/machine 
10-year amortization 

$1. 5 million = • 07f/ton/life saved 
36 0 million tons x 6 lives saved 

In determining these cost-effectiveness figures, we are assuming that the 
prescribed improvements only reduce fatalities occurring during the per­
formance of roof bolting. There are, in fact, many other individuals 
underground who would be affected by these recommendations which would 
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reduce the cost per life; i.e., improved roof bolting would prevent various 
other roof fall accidents. Moreover, increased machine efficiency could 
result in a modification yielding a very high positive rate of return on invest­
ment because of the current production bottleneck. 

Expanding the analysis to include better procedures, training and jo~ re­
valuation is subjective at best. Taking typical training costs for the industry 
is just a starting point since on-the-job training must b~ a . continui~g . 
feature. Rough estimates can be made only as an exercise 1n formalizing 
the type of analysis that is necessary. The following estimates are made 

on a per-man basis. 

• Estimated industry coats -
Formal training (1st year}-2 weeks at full pay 
Monthly technical meeting - 1 day at full pay 
(USBM or other guest speaker = 12 x $50) 
Additional contracted salary 
(240 days x $3. 00/day) 
Continuing on-the-job training 

TOT AL FIRST YEAR 

• Estimated industry cost - subsequent years 
Monthly technical meeting (11 x $ 50. 00) 
Annual review class - 2 days at full pay 
Additional salary 
Continuing on-the-job training 

Total Subsequent Years 

• Estimated total industry cost 

$800 
600 

720 

0 
$2120 

$550 
200 
720 

0 

$1470 

1st year: 8, 000 men@ $2,120 = $16,960,00 0 
Subsequent years: 8, 000 men@ $1470 = $11,760,000 

• Estimated cost per ton of coal produced 
1st year - $16,960,000 + 360 million tons= 4. 7¢/ton 
Subsequent years - $11,760, 000 + 360 million tons = 3. 3¢/ton 

Benefits 

1. Contribution to reduction of 4 lives lost per year while roof bolting 
and an unknown number of lives saved both under temporary and permanent 
support. 

2. Lower bolting cost in terms of manhours saved due to greater produc­
tivity of more qualified men. It would require approximately a 15% increase 
in roof bolter productivity to completely offset the yearly cost. This im­
provement may not be possible, but there would be additional savings in 
supervision and section productivity if this bottleneck operation is improved. 
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CHAPTER 9 

MAINTENANCE AND REPAIR ACCIDENTS 

I. STATEMENT OF THE PROBLEM 

Repairman fatalitie s acconnted for 10% (71) of all mine fatalities other than 
disasters from 1966 to 1970. Seventy -three percent (52) of these fatalities were 
job-rela ted; the remainder occurred while the repairman was performing 
other than maintenance-oriented tasks. Only 1. 6% (12) of the fatalities , the low­
e s t figure for any job classific a tion, were caused directly by mine cc;'ldition s 
such as roof falls and rib rolls 

II. ANALYSIS OF THE PROBLEM 

The number of repairman fatalities has been increasing s lightly each year 
since 1966. Thos e repa irman fatalities which oc cur red while actually 
performing a rep air-related function have remained static since 1966, while 
the number of repairmen k illed durin g the performance of tasks normally 
outside the repair function has increas ed. Similarly , the fatalities whic h 
are experienced by equipment operators while operating their prescribed 
equipment are decreasing, but those f ata lities that occur while they pe rform 
other than their normal tasks a re increas ing. We conclude from this tha t 
a fatality is more likely t o occur when a m iner is performing non-job related 
tasks than when he is engaged in his regular tasks. 

The total mine work expe :ience of the repairmen involved in a fatal accident 
has increased significantly each year s inc e I 966. At the same time, t here 
are an increasing numbe r o f fatal accidents involving repai rmen with little 
task experience. T his may indicate that the repair job is considered more 
and more desirable, and miners with greater total mine experience and re­
lated seniority are bidding onto repairman jobs for which they have no ex­
perience. The frequency of fatal accidents involving repairme n declines 
rapidly with task expe r i ence, thus suggesting a value in training ar:.d 
expe rience on the job. 

The re are theoretically two ways to develop a good repairman - - hire a 
good mechanic and teach him the rudiments of mining procedures, or permit 
an experienced miner with mechanical aptit ude to be a r epairman, which is 
the common practic e . Because of the increasing amounts of task overlap 

156 



of repair jobs in production operations , repairmen must be competent 
in many job tasks that are not strictly repair tasks . For example , eithe r 
the repairman should know how to set props or jacks around a broken-
down machine under unsupported roof, or he shoul d not be allowed to work 
on the m a chine until someone else sets the props. Simila rly, the repairman 
should know how to operate partially disabled equipme nt, es pecially in 
regard to tramming. These two situations are typicai. fatal accident 
situations for repairmen performing non-repair tasks. 

Proper support must precede repairs under unsupported or under hazardous 
roof areas and similarly, the ope ration o f equipment in order to remove it 
from a hazardous roof area m:ist be delayed until the hazardous roof a rea 
is prope rly supported. The repairman should be trained in basi c roof sup­
port procedur es, so that he can recognize a poorly supported r oof and know 
how to bring the support to the level of the approve d roof control plan, or 
to exceed the plan when approp riate. 

R e strictive measures, w ith the objective of confining the repairman to repair 
tasks , a re unenforceable and therefore probably ineffective in reducing 
f atalit ies. Required training and c ertification of repairmen should be es­
pecially effective if direct job-related task skills are tested as well as ].<ey 
indirect task skills such as roof control and equipment operation. Presum­
a bly, after two years of mining experience, a miner bidding for a repairman 
j o b woul d be qualified on most of the indirect repair tasks he should k now, 
but it should n ot be just assumed that he does. Certification for the job 
should t est rudimentary knowledge of mechanics and electricity, safe equip­
men t ope ration procedures, roof support procedures, and knowledge of a 
m inimum number of "do's and don'ts 11 of typical repair situations. 

A formal training progra.m combining classroom, sh op, and underground 
practice sessions would be the m ost ideal t raining environment. We believe 
that attendance in safety meetings and classroom t ra~ning s es sions are 
worthwhile, but that testing the application of knowledge provides assurance 
that safe procedures are understood. and ,:an be applied. Physically doing 
or practicing a task often provides more real learning than reading or 
listening to a lecture. 

Repairs at or near the face, whether supported or not, are hazardous in 
h i gh coal. In high seam height mines a rib r oll could fill the entire width 
of the entry, leaving the miner(s) nowhere to run. Therefore , r epairs in 
high coal shoul d be pe1·formed in crosscuts which provide escape from both 
ends of an impending rib roll. 

It is the respon sibility of the mine operator to provide safe and efficient tools 
for various repair tasks. Tools include everything ranging from special 
equipment jacks to insulated needle-nose pliers . 
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Electrical fatalities are high for r epairmen { 11 in a S•year period) and con­
tribute to fatalities in all job categories except unde rcutting and drilling. 
The most practical way to eliminate the greatest number of the se fatalities 
would be a permissible quick-disconnect coupling between the power cable 
and the equipment. Wh e n the power control point is out of the line - of- sight of 
the repairman - - a s is presently most often the case - - a hazardous envir­
onment is automatically created. As an analogy, no TV repairman ·would 
consider working on a TV set unle ss he could see it was unplugged. The 
permissible quick-disconnect coupling would provide a convenient and re -
liable method of assuring the repairman that the power is disconnected. 

There i s a great need for a cost effectiveness analysis of underground 
machine maintenance to verify the b enefit to be derived from and the nee d 
for preventive maintenance programs. Such a program would do the 
following: 

A. Reduce the number of repairs and create the ability to plan, schedule 
and implement repairs with a minimum of interference with production 
operations. 

B. Shorten the time spent repairing. Long repairs contribute to broken 
production sequence and equipment interference as well as hazardous 
situations. 

C. Increase production up-time and reduce the pressure by production 
personnel to get the equipment running again, however poor the 
repair effort. 

D. Provide the needed parts on time by anticipating what will be needed 
and ordering with sufficient lead time. 

E. Provide the proper tools to do the job safely and efficiently. 

A preventive maintenance system requires an implementation plan to make 
the system more readily available to a ll mine operators. Whatever the system 
is, it must be uncomplicated. It must provide the maximum useful informa­
tion with little time spent administering the program. The system must be 
geared toward the small operator who has a small maintenance force and 
cannot justify an administrative clerk to maintain maintenance records. 

158 



Equipment manufacturers can make a significant contribution to better 
preventive maintenance programs with equipment designed for more con­
venient maintenance and repair, and recornrnended maintenance programs 
and schedules. In some areas there is a need for a service which appar­
ently does not presently exist - - contract repairing of under ground coal 
mining equipment underground. The heavy construction industry has used 
this type of servi ce for many years, but with the difference that the con­
struction equipment usually is taken to the dealer's facility for overhaul. 
It is impractical to r emove equipment from the face area and transport it 
to a repai r facility. Hence, many mining operations suffer excessive 
downtime from both long repair time and lack of well designed preventive 
maintenance programs. 

Considering the relatively high downtime on mmmg equipment and the 
large dollar investment in mine development and mine equipment, it is 
surprising that more mine managements do not invest more in maintenance 
prograrns and repair training internally. The dollar return on increased 
repair productivity and quality from the investment in these programs 
should be very high, not to mention the saving of lives and injuries . 

111. SUMMARY OF RECOMMENDATIONS 

A. Repairman Training and Certification 

Several alternative solutions to the problem of repairman accidents 
appear to be feasible. 

1. Institute a certification system requiring miners to have a mmrmum 
knowledge and demonstrated skill in performing direct repair job 
tasks and key indirect job tasks - - e.g., operating and tramming 
face equipment and roof support procedures . 

2. Encourage management to restrict repairman tasks to those 
required by the job or for which the men have demonstrated 
competence. 

B. Roof Support in Repair Situations 

1. Provide roof support equivalent to the approved temporary support 
plan in the area where the equipment is to be repaired before attempting 
any repair. 

2. Tram all equipment to be repaired to a supported roof area after 
providing additional temporary support over the area in which 
vehicle is to be operated and tranuned before beginning to tram. 
Additional support must be equivalent to the approved temporary 
support plan. 
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Proper Repair Tools and U se of Tool s 

I. Provide p r oper jacks and blocks which always remai n with each 
mac h ine. D e sign new l i ftin g and bloc k ing equipment as r equired 
afte r analysis of present tools. 

2, Train r epair men i:.:1 correct (safe) methods of lifting and blocking. 

3, Esta blish a formal tool control syst~m and irnmediately replac e 
lost or damaged tools . 

D .. Equipment Repair A c cidents 

I. Train r epairmen i n safe equipme nt ope :::·ation and require certifi­
cation of minimum proficiency. 

2. Park equipment e i ther far enough from b r attice or h a lfway under 
brattice (visible from both sides) so that any operato r Vlri.ll have 
sufficient time to s t op apon seeing the parked equipment. 

3. Provide all equipm e n t with reflectors on all four side s. 

E . Haul a ge Accidents Invol ving Repairmer_ 

1. Have p arts and supplies delivered to i:h e rep a i ::man, or 

2, Have repairman certified on the safe operation of haulage equipment . 

3. Store frequently neede d parts within mine near section. 

F . Electrical Repai r Fata liti es 

1. Provide permissibl e quick-dis connect plug between cable and equipment. 

2 , Provide permissible sections of cable which can be removed and 
replaced quickly without removing entire cable. 

3 . P rovide training and certification for repair of electrical syste·ms 
on each piece of equipment. 

4. E nforce u s e of and frequent inspection of insulated pe1·sonal clothing 
such as gloves and boots . 

5. U se only hand tools with sufficiently insul ated hand grips. 
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IV. POTENTIAL LIVES SAVED ANNUALLY 

Potential Lives Saved: 10 

POT ENTIAL FATALITY REDUCTION: 

17 

Anticipated Fa tali t i e s 
Typical Year Early 

1970' s 

M AINTENANCE 

\0 

Potential 
Lives Sav ed 

7 
Unaffected by 
Improvements 

In a typical year in the 197 0 1 s we expect 17 repairmen to be kille d. 
llnplementation of the recommendations discussed i n the previous 
section s hould save approximately 10 of these lives each year. 

V. COST TO IMPLEMENT RECOMMENDATIONS 

1. Roof Support in Repair Situation s 

• Estilnated cost of working und~r supported roo f - 0 
• Estimated potential live s saved annually - 2 
• Cost per life saved - 0 
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Repairmen must work under s upported r oof. No cost will be inc urred 
by the repairman by placing additional temporary supports. When 
the repair p erform ed by both operator s an d repairmen is combined, 
the total time is less than the repairman's available t ime and allows 
him sufficient time to add suppo rt to the roof. The following table 
illustrates that the typical repairman has sufficien t actual working 
time d u ring an 8 - hour shift - - approximately 6. 5 hours - - to handle 
all repairs as well as maintain roof support in the repair area: 

Job Classification 

R EPAIR T IME AVAILABLE 
T O REPAIRMAN: 6 . 5 HOURS 

Reeairing 

Es tim a ted Hours 
Spent Repairin g* Con tinuous Conventional 

Undercutter Operator 

Face Drill Operator 

Machine Loader Operator 

Continuo u s Miner O per a tor 

Roof Bolt Op erator 

Shuttle Car Operator 

SUBTOTAL 

Repairman 

TOTAL Hours / day spent repairing 

Time availabl e to provide additional 
support in non-supported or 
inadequately supp o rte d a r ea 

0 

. 72 

• 20 

. 20 

• 26 

• 26 

4.74 

0 

• 72 

. 20 

• 20 

. 13 • 13 

. 10 • 16 

• 43 1. 21 

4.74 4.74 

5. 17 5.95 

1. 33 .55 

6 . 50 6 . 50 

!<Time estimates based on percentage of fa talities of e ac h j ob classification 
which occur red while repairing, 1966-1970, 
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2. Proper Repair Tool s 

Proper lifting and blocking devices and hand tools should save at 
least 50% in l a bor costs over most p resent methods. 

Estimated Labor Savings 

• Labor savings /day/section - 20 minutes; 
. 33 hours x 250 days = 83 hours saved/year / section 

• Annual savings 
83 hours@ $4. 00 /hour = $332/section/year 

• Savings fo r I-shift operation 
$332/section/ year 1 shift x 1,000 sections = $332,000 

• Savings for 2 -shift operation 
$664/ s ection/year 2 shift x 7,000 sections = $4,650,000 

• TOTAL annual savings -$5, 000, 000 

Estimated T ool Costs 

• Total tool cost/ section -$1, 500 
• Annual tool costs 

$1,500 x 8,000 sections = $12,000 , 000 

Payback Period 

• $12,000, 000..-$5, 000, 000 = 2. 5 years 

Estimated Annual Cost per Life Saved - u nknown 

3. Equipment Training 

• Forty hours training @$4. 00/hour = $160/repairman 

• Estimated training costs -
(2 repairmen /2 - s hift section) x 7 ,000 
(1 repairman / I-s hift section) x l, 000 

- 15,000 x $ 160 = $2.4 million 

4. Equipment Reflectors 

• Estimated cost/ reflector = $1. 00 

sections 
sections = 

= 14, 000 repairmen 
1, 000 repairmen 

20,633 machine s x 10 reflectors / machine @ $!/refle ctor= $206,330 

3. + 4. Equipment Training+ Equipment Reflectors 

• Estimated total industry cost = $ 2, 600 , OOC 
• Es tim ated cost per life saved = 

$2,600, 000+-3 lives saved a n n u ally..-360 million tons = .24 ¢/ton/life s2.ved 
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5 . H aul a g e Equi pment Repair Training 

• Eight hour s train:i.ng@ $4. 00/hour = $32/repairm an 
15,000 rep airmen 

• Total industry cost - 15,000 x $32 = $480,000 
• C os t per life saved = 

$480, 000+3 lives p otentially saved+ 360 milli on t:ms =. 04¢ /ton/life saved 

6. Electric a l Repair 

a . Ad d a permissible quick-disconne c t connector to each cable-powe r e d 
p i ece of equipment. 

Estimated Labo r Cost 

• Labor to add new permissible connector to equipment - 1 day 
• Labor to add new perm.is sibl e connectors to 2 cables ( 1 regular, 

1 spare) - 1 day 
• Typical labor rate @ $40/ day x 2 days = 

$BO/equipment connector conversion 

Estimat ed M a t erial Cost 

• N wnb e r of Cabl e Powered Machines 

C able 
Machine Power 

M obile Loader s 2,560 X 90% 
Sh uttle Cars 9,950 X 80% 
Continuous Miners 1, 775 X 100% 
R oof B olters 5,223 X 100% 
Un de r c utters 2,775 X 100% 
Mobile F ac e Drill s 1, 000 X i00% 

T OTAL Est. # of Cable Powered Machines 

= 2,304 

= 7,960 
= 1, 775 
= 5,223 
= 2,775 
= 1,000 

= 21, 037 

• A permiss ible conne ctor se t (1 male , 2 female) is conservative ly 
e s timated at $200 per set, 

E stimat ed T ota l Cost 

• Total cost per machine = $200 + $80 = $280 
• Total Cost to Industry = 21 , 037 machines x $280/machine = $5 , 890,0 00 
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b. Cable Sections 

• On a replacement basis - no cos-; 

c. Training 

• 80 hours training @ $4. 00 /hour = $320 / repairman 
E s tima te 15,000 repairmen 

• Estimated total industry cost - 15,000 x $320 = $4. 8 million 

d. Insulated Clothing 

• Estimated total industry cost - 15, 000x$100/man = $1. 5 million 

e. Use Only Insulated Hand Tools - nominal or no additional cost 

6 a - e. Estimated total industry cost of recommendations relating to 
electrical fatalities = $12 . 1 million 

Estimated cost per life saved = 
$12, 100, 000+2 lives saved annually+360 million tons= 1. 7 ¢ /ton / life saved 
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CHAPTER 10 

O P ERA TOR PROTECTION ON FACE E Q UIPMENT 

I. STATEMENTOFTHEPROBLEM 

During the period 1966- 1970 , 168 miners were killed while operating, a s­
sisting o r t ramming continuous 1ni11e r s {65), machine loaders (64), under­
cutters (23), and hand and mobile face drills (16), (excluding those killed 
in explosions and electrical accidents). The single largest killers of these 
men were roof and rib falls , accounting for 136 deaths , The rest were killed 
by b umps ,. c ollisions and equipment accidents. 

T h e mo s t direct and obvious solution to the problem of operator safet y i s the 
u se of canopies or cages to protect the operator from rib and roof f all s , bumps, 
and t he lateral incursion of ribs and other equipment. Despite the fact that the 
transition to canopie s is already in the advanced planning stage within the 
USBM and that canopies are soon to become mandatory, there is strong 
r esistance to the incorporation of canopies on face equipment. In addition, 
there are major canopy design probl ems - - especially for use in low coal 
m ines (see Chapter 14}. This chapter will di s cuss these design and 
implementation problems . 

II. ANALYS IS OF T HE P R OBLEM 

Operator canopies and cages offer a sensible and c ost effective approach to 
equipment ope rator safety. We say this with the full realization tha t c anopied 
equipment is viewed by a significant segment of the industry as impr acti cal. 
Major points of resistance to or criticism of canopies within the industry 
are: 1) they impede operator visibility; 2) they make ingress and egres s 
tiring and difficult; 3) they are impractical in low coal; 4) they gi ve the op­
erator a claustrophobic feeling of being 1rtrapped" in an emerg enc y . E ach 
of these points should be addressed in considering an approach to canopy 
design which will prove acceptable to the industry. 

Caution must be exercised in designing canopy systems for face equipment to 
make sure that the design does not create a more hazardous situation than 
the one it was intended to prevent. While a complete l y enclosed canopy roof, 
for exa:rnple, offers maximum protection against roof falls, i t may r estrict 
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observation of the roof. In this case decreased visibility is certain to expose 
the operator to roof hazards which would otherwise be avoided. In other 
cases the operator may not be able to see the boom and shuttle car while 
loading, thus increasing the danger of equipment accidents. 

Operator comfort is crucial for acceptance of canopies. A design made un­
comfortable by a canopy would encourage the operator to climb out at every 
opportwiity, increasing non-operating exposure to hazardous roof conditions. 
In addition, a canopy which is difficult to enter and exit will increase oper­
ator resistance to the canopies and encourage removal of the canopies. 

The use of canopies in low coal is the most difficult problem to address. 
The auger type continuous miner, customarily used in low coal, presents 
unusual equipment hazards not common to other continuous miners. There 
are usually two helpers working at the front of the machine who are endan­
gered by the machine itself, by the j a cks forced into the roof to winch the 
machine, and by constant exposure to temporary support. This already 
dangerous position would be made even more hazardous by any decrease 
in the operator's visibility or in his ability to effectively control his ma­
chine over long periods of time (comfort/fatigue factor). Consequently, 
when designing canopy protection for the operators of auger miners, the 
safety of both the operator and the two helpers must be considered explicitly. 
This problem is discussed in more detail in Chapter 14. 

Many of the miners interviewed said that they did not like canopies because 
the canopies made them feel trapped in the event of an emergency. Almost 
all of the miners stated they would run rather than seek protection under a 
canopy. The fatality reports confirm this tendency but cannot shed light on 
the miners who made a successful escape versus those who survived by 
taking cover. A detailed reading of a group of 1966-1970 fatality reports 
suggests that miners may often be better off in overcoming their instinct to 
run, since some miners under canopies have survived sizeable falls that 
killed personnel close to the machine. 

On the other hand, there is a strong possibility that operator exposure to 
roof falls may actually be increased by canopies if reliance is placed on the 
canopy for protection. A foreman, whose continuous miner canopy was 
obviously damaged by a roof fall, felt that there is a tendency for operators 
to pay less attention to the last row of bolts if the piece of equip-
ment has a solid roof. While the canopy may be effective in many cases, 
the high frequency of roof falls in newly cut, unsupported roof might increase 
the overall hazard. In addition, the helper, who, in practice, spends a 
great deal of time in front of the bolts. would not have any additional protec­
tion-from this increased exposure. 

167 



The question of solid roof canopies has been discussed widely in the in­
dustry. Most operators would prefer a slotted or crossbar canopy roof 
to allow roof visibility. Experiments with solid canopy doors have 
likewise been viewed with extreme hostility in some mines, and doors 
are often removed. 

Although a solid canopy theoretically provides maximum operator pro­
tection, it would appear that a compromise solution which maintains 
most of the safety b e nefits in order to gain maximum acceptance by 
equipment operators would be preferable. The top and sides could be 
fairly open down to the top of the machine for greater visibility, and 
a solid shield could be used to protect the torso of the operators with­
out drastically im.peding entry and exit. 

Solid canopies over the operator on equipment in low coal severely limit 
the vertical space available for the operator, forcing the operator either 
into a severely cramped space or into a prone or semi-prone position. 
The canopy thus virtually eliminates the operator's ability to see around 
him as he operates the machine and creates other problems such as now 
providing alternative operating visibility and more horizontal machine 
space for the operator. 

In mines with low roof heights, a practical cage design might be a cage 
that permits the operator's head to project above the cage if necessary 
for clearance reasons. This concept i s illustrate d in the sketches below. 
We realize this concept is controversial because of its sub-optimal nature 
-- i.e., it is quite likely that there would continue to be some injuries 
and perhaps fatalities resulting from roof falls after the implementation 
of the concept. But, the solid canopy alternatives on existing equipment 
may be more dangerous. During the field observation portion of this study 
TB & A consultants found strong and even emotional resistance to the pros­
pect of full canopy protection on all face equipment among operators of 
middle and low coal mines. The partial cage provides a workable trade­
off between the ideal safety of a full canopy and the practical necessity of 
achieving operator acceptability of the system. 

Many fatality reports suggest that the victim has a few seconds of visual 
or audible warning of an impending roof fall. If equipment in low coal were 
fitted with low coal designs as described, the operators may have time to 
duck below the protective level of the cage to avoid serious injury from most 
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falls. In addition, we believe that in some cases in low coal, roof falls 
may not have the tune to accelerate to strike the victiin's head with killing 
impact. With a partial cage, the victiin may be pushed below cage level, 
with the cage frame absorbing the full impact of the fall. The seat in the 
cage also might be designed to break away in impact situations. 

We believe careful engineering research on the above concept is worth­
while. Careful theoretical investigation of the fatality reports covering 
low coal roof fall accidents on equipment would help resolve the debate 
over the feasibility of the so-called low coal cage design concept. The 
fatality reports usually describe the size of the fall, the equipment, and 
the dimensions of the situation. Given the physiological parameters of 
the hwnan body, the energy absorbing characteristics of the helmet and 
the support characteristics of the operator's seat, an expected theoretical 
injury response curve needs to be developed for the likely range of roof 
fall sizes, shapes, weights, and velocities that the cage concept would 
encounter on each piece of equipment. 

NORMAL VICTIM DUCKS 
(OR IS PUSHED) 

BELOW CAGE LEVEL 

SIDE VIEW 
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Canopies adjustable for height variations would be necessary in many 
seams if roof, floor, or s earn variability is a problem. This would 
be a necessity in marginal seam heights subject to floor heaves or roof 
and floor convergence in pillaring operations. Hydraulic and spring­
loaded canopies are the most effective means of coping with variable 
heights. These can be con.3idered together since they operate in a 
similar fashion. 

A skid-controlled spring-supported canopy provides more protection 
for the mine:.. and may b~ superior to a hydraulically actuated auto-
matic canopy. The sensor or feeler on an automatic would not provide 
maximwn canopy height since clearance must be allowed for an i rregu­
lar roof that may be lower than the spot normally contacted by the 
feel e r. Furthermore, an automatic hydraulic canopy must be b uilt 
more strongly than a spring-loaded model because the additional clear­
ance needed allows more room for roof falls to accelerate before striking 
the canopy. There is also a greater potential for mechanical failure 
of hydraulic components, particularly during strains imposed by roof 
falls. 

Spring-loaded canopi es would rely on enclosed shock absorbers to 
adjust the canopy heights. The springs would support only the weight 
of the canopy with an adequate margin to overcome shock absorber 
resistance to movement. Ideally the shock absorbers woul d have some 
type of locking m echanism that would be a ctivated by a threshold level 
of acceleration. This option might be a mechanical device or a chem ­
ical with dilatan t qualities. The dilatant material would become a near 
solid when impacted by a roof fall but would provide only minimal re -
sistance to the springs at lower than threshold speed. 

The shock absorber canopy would require a manual override control 
and a set of 11 stops 11 for limiting lower movement. The manual control 
might have to be hydraulically actuated if mechanical leverage is in­
sufficient fo r control. 

NORMAL POSIT ION COLLAPSED POSITION 

SIDE VIEW END VIEW 
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In sununary, regardless of the p r ote ction syste m chos e n . the key to the 
practi cality of the system is its applicability to low and medium-s earn 
height c oal. The two mos t feasible approaches to the solution of the 
low coal canopy p roblem have been incorporated in the various alterna­
tives disc uss ed above: 1) adjustable but r igid systems, in whic~1 the 
oper ato r' s head can r ise above the t op of the c anopy r ails during no r ­
mal operations; 2) var iable systems in which the canopy 11 £1oats 11 up and 
down as roof height changes but protects against the ins t an :aneous impact 
of roo f falls through a mechanical, hydraulic, or dilatant system. 

III. SUMMARY OF R ECOMMENDATI00TS 

A. I nc o rpo rate a Workable Canopy or Cage System on All Face Equipment. 

We b e lieve a number o f practical des ign alternatives exist: 

I. Canopies rigidly m o unted on equipment. This is the cheapest and best 
sol u tion for roof heights that permit free movement - · roughly, seam 
heights 5 feet and above. 

2. Canopies adjus t able mechanically with 11 pins 11 or 11 stops 11 to allow ±o;. 
va riable r o of heights in the h igher seams and consistent roof heights 
i n lowe r seams. 

3. C a nopie s hydraulically actuated by a roof 11 feel er 11 or ' 'sensor 11 for 
use in all s e am heights ; this s ystem allows for minimum human 
c ontainment and maximum comfort and visibility. 

4. Automatically a djus ting canopies which are adjusted by the roof 
pressing a gainst ski ds on a lightly spring-loaded c anopy equipped 
with hydraulic or mechanical shock absorbers. An interesting 
alternative i n t e rms of cost a nd efficiency would be a research 
effort in t h e area of dilatant m aterials that become c omparative1.y 

s olid when threshold a ccel eration is reached. Float ing supports 
in a suitable n,aterial, ins tead of usin g shock absorbers, might 
result in s ign ificant cost savings and improved efficiency of t he 

system. 

B. Publish fatality data in industry publications (Coal Age, UMW Journal, 
etc. ) showing t h e number of operator deaths o ccu r ring during equipment 
operation and tramming. Indus try - wide knowle dge o f the inhe rent dange Y 
of m a chine operations will decrease the r esistanc e to operator protec­
tion systems . Many miners and mine operators interviewed during 
this stl ·dy i n correctly believ ed that mac hine operator fatalities were 
insignific a nt in number when compared t o other cat egories cf accidents. 
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IV. POT ENTIAL LIVES SAVED ANNUALLY 

P otentia l Lives. Saved Annually: 10 

POTENTIAL FATALITY REDUCTION: 
FACE EQUIPMENT ASSOCIATED ACCIDENTS 

29 

Anticipated Fatalities: 
Typical Year, 
Early 1970' s 

\0 

Potenhal 
Lives Saved 

1 7Z 

(9 

Unaffected by 
Improvements 



Direct relationships by 11\'ictim Doing11 for continuous mining, machine 
loading, undercutting. and face drilling ( 1966- 1970). 

ROOF FALLS, RIB FALLS AND BUMPS 

Cont Miners Mach Load 
face area/tram face/tram 

Undercut Face Drill Total 
face/tram face/tram face/trarr 

Gross Fatalities 44 7 49 5 15 3 15 
Deduct Helpers ( 14) ( 2) (22) ( 1) ( 7) ( 1) (3) 

Net P :..·obable Operators 30 5 Z7 4 8 2 12 

Deduct 80% Hand Drills ( 10) 
1968 (midpoi11t) 2 

Deduct Estimated Non- (30%) (20%) ( 15%) (15%) 
Operating Face Time 

21 5 22 4 7 2 2 

Canopy Effectiveness • 59 . 59 . 59 . 59 
Estimate (see below) 

Net Potential Fatal 12 . 4 2 . 9 i3,0 2 . 4 4 . 1 1. 2 L2 
Accid~nts Avoided 

Canopy Effectiveness Estimate : 

Estimated Reduction Factors: 
(1) Equipment operable from seated position : 80% Time Seated 

(2) Roof Falls '> 3!' Thick (li% of all Roof Falls): 20% Effectiveness 

(3) Roof Falls <3f' Thick, Rib Falls, and Bumps: 80% Effectiveness 

Calculation 

138 
(so) 

----
88 

(10) 
78 

(80%) 

63 

. 59 

37.2 

• (l)x(2)= . 80 x . 20 = • 16 x . 11 of all falls = . 02 (Roof Falls ) 3f' thick) 

• (l)x(3)= . 80 x . 80 = • 64 x . 89 of all falls = • 57 (Roof Falls ( 3i' thick, 
Rib Falls, and Bumps) 

• . 02 + • 57 = • 59 canopy effectiveness factor 
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Di...-ect relationships by ''Victim D0ing11 for continuous miner, machine loader, 
undercutter, and face drill (1966 - 1970): 

EQUIPMENT AND TRAMMING 
FATALITIES (NON-ELECTRICAL) 

Continuous Machine 
Miner Loader Undercutter 

Tram ~ Tram ~ Tram ~ 

G ross Fatalities 7 7 8 2 5 0 
Deduct Helpers (3) (7) 

and Others 

Operator Fatalities 4 0 8 2 5 

Can opy Effectiveness . 68 • 60 • 68 . 60 . 68 
Estimate (see below) 

N et Potential Lives 2 . 7 5,4 1. 2 3. 4 
Saved 

Canopy Effectiveness Estimate : 

Estimated Reduction Factors: 

Face 
Drill 

Tram ~ 

0 1 

1 

. 60 

• 6 

(1) Equipment operable from seated position : 80% Time Seated 

Total 

30 
( 10) 

20 

67% 

13.3 

(2) Effectiveness of canopy in operating accidents: 75% Effectiveness 

(3) Effectiveness of canopy in tramming accidents : 85% Effectiveness 

Calculations 

• (1) x (2) = • 80 x . '15 = • 60 canopy effectiveness factor for equipment accidents 

• (1) x (3) = . 80 x . 85 = • 68 canopy effectiveness factor for tramming accidents 
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Potential Lives Sa\·ed Earlv ·10,o•s 

1. Roof. P ib and Bump Fatalities: 

3 7. 2 Fatal Accidt:.nt1:. 
(Roof Fall Trend) . 8 5 x 

5 Year.:; 
, .. 

1. 14 {Fatalitie s Per Accide-nt) = 7 Lives F2:.: -_:·~a1 

2. Equipment and Tramming Fatalities: 

(No Trend) 13. 3 Fatal Accidents 
5 Years = 3 Lives Per Year 

Net Potential Lives Saved Per Year = 10 

V. COST TO IMPLEMENT RECOMMENDATIONS 

1. Rigidly mounted canopies in mines with seam heights greater than 5 1 

• Estimated number of machines - 3, 740 x 80% operable from seated 

• Estimated cost fixed canopy 
Estimated total industry rost 

position = 2, 992 modifiable machines 
- $500 

• - $ 1, 496, 000 

• 
• 

$1,496,000 = $299 . 000 
Annual industry cost = 5-Year Amortization 

Estimated cost p~r life saved 
$291,000 + 4 lives saved annually.;..360 million tons= , 02 ¢/ton/life 

2. Adjustable canopy in mines with seam heights 
• Estimated number of modifiable machines 
• Estimated adjustable canopy cost 

• Estimated total industry cost - $2,394,000 

• 

greater than 5 ' 
- 2, 992 
- $800 

= $479 , 000 Annual industry cost = $2,394,000 
5-Year Amortization 

• Estimated cost per life saved 

saved 

$4 79, 000 ..;.. 4 lives sav e.i annually 360 million tons = • 03¢ /ton/life save.'.l 
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3. Adjustable Hydraulic Canopy 
• Estimated number of modifiable machines - 6, 280 
• Esti.Inated canopy cost - $4, 000 
• Estimated total industry cost - $ 25,120, 000 

• 
• 

Annual industry cost = 
$25,120,000 

= $5,000,000 
5-Year A.Inortization 

Estimated cost per life saved 
$5,000,000 + 10 lives saved a nnually+3 60 mill i on tons=. 14¢ /ton/life 

4. Automatic Spring Canopy 
• Estimated number of modifiable machines - 6, 280 
• Estimated canopy cost - $1, 500 
• Estimated total industry cost - $9,420, OJO 

• Annual industry cost = $9. 420,000 = $1,884,000 
5-Year A.Inortization 

• Estimated cost per life saved . 

saved 

$1, 884, 000 .;. 10 lives saved annually.;.360 million tons =. 05¢ /ton/life saved 

5. Summary of Possible Combinations 
• 90% of total number o f modifiable machines in mine s with seam 

heights greater than 5' (2,693) adopt the rigid canopie s of a lter­
native # I - $ 1 , 3 4 7 , 0 0 0 

• lOo/o of total number of modifiable machines in mines with seam 
heights greater than 5' (299 adopt the adjustable canopies of 
alternative #2 - $239, 000 

• All remaining modifiable machines (3288) adopt the a utoma tic 
spring canopies of a lternative #4 - $84 932,000 

• Estimated total industry cost ... $6,518,000 = $1,306.000 
5-Year Amortization 

• Estimated cost per life saved 
$1,306, 000 + 10 lives saved annually.;,.360 million tons=. 04¢ /ton/life saved 
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CHAPTER 11 

SHUTTLE HAULAGE 

I. STATEMENT OF THE PROBLEM 

Shuttle hau lage fatalities, accounting for 11. 6% of all fatal accidents in the 
period 1966-1970, are a major a::.-ea of concern. Unlike the fatality trend in 
many other accident categories, shuttle haulage and tramming fatalities are 
not decreasing; the data fo r the past 3 years, in fact, indicate a slightly 
inc reasing trend. At the same time, this area offers high potential for re -
ducing fatalities, since improvements in shuttle equipment and procedures 
are applicable in both continuous and conventional mining operations. 

Shuttle car drivers, having the highest number of fatal accidents in the 
period 1966 - 1970, are subjected to a variety of hazardous exposures. In 
addition, they are often the cause of fatal accidents to other workers - -
mostly due to collision. Eighty-five fa t alities involving shuttle haulage and 
tramming were recorded for the five-year period -- 60 invo lving the shuttle 
car operator, and 25 involving ci pedestrian or othe r machine operator. Only 
11 of these 85 were the result of roof and rib fall s; the remainder associated 
with some type of moving machine accident - ·- primarily crushing or pinning 
of the victim between the shuttle car and the rib or roof. 

It is interesting to note, again based upon five-year fatality data , that fatal 
shuttle accidents are 31 times more likely to occur in seam heights less than 
5 feet than in seams greater th an 5 feet . The reasons for this are: 1) the 
increased possibility of the operator ' s head being pinned between the r oof 
and the machine, 2) poorer visibility in low and medium. coal, and 3) a gen­
erally less satisfactory mine environment in small, independent, low seam 

m ines, having rough uneven floors , crooked entries, une ven pillars, etc. 

II. ANALYSIS OF THE PROBLEM 

The Fatality R e port Analysis portion of thi s stuc.ly reveals some significant 
and perhaps little known facts about fatalities occurring while operating 
shuttle cars: 1) shuttle haulage is an extremely hazardous activity, accounting 
for nearly 12% of all fatal accidents; 2) rc()f falls are not a major problem, as 
t h ey are with the operation of other major pieces of section equipment; 3) 
c,rushing/pinning accidents against ribs, rib-roof inters ections, and roof~ 
the major hazards, accounting for over 80% of all fatal accidents involving the 
operator of the shuttle car during hauling and tramming; 4) shuttle haulage is 
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dangerous not only for the operator, but for pedestrians and other eqt;ipment 
operators moving in the working section. Ouring the five-year period, 1-+ 
men were crushed by St:'condary haula.!!<' Vl:'hi<']{'~ whil~ operating som<' oth<'r 
piec e of face equipment; 11 were killt•rl whik stanciinµ. crawling , or walking 
in th3 working section. 

Pinning/crushing accidents result from the opoerator's dangerously exposed 
operating position on the side of his shuttle car. He is, in effect, 1·iding on 
the 1 1 running board" of the vehicle, with the consequent chance of being 
squeezed between the side frame of his machine and any solid object which 
the shuttle passes too closely (rib, another machine, etc.) . In low seam 
mines, the operator is exposed to the danger of vertical crushing as well as 
lateral crushing as he may also get his head ca:ught between the top of i:h~ 
m a chine and some irregular projection from the roof. 

The pedestTian and other -operator fatalities discussed above are primarily 
the result of poor visibility and the lack of tailored-response controls. Guiding 
a massive machine through tight entries with low roof and almost moonlight 
level lighting is a real challenge. The degree of difficulty is compounded 
by the presence of other workers, machines , , blmd penetration of ventilation 
curtains, overhanging ribs and nwnerous roof, bolt and truss projections 
which are all but invisible. As mines become more mechanized and operate 
at a faster pace, these dangers are increasing despite the upgrading of present 
equipment. 

T he visibility pi-oblem is mainly generated by inadequate vehicle lighting, 
Equipment lights observed by TB g, A consultants during their underground 
observations were most often covered with thick layers of rock and coal 
d ust. Often lights had been broken-out an<i left unrepaired; several workers 
a dmitted that lights are often broken 11 accidentally·-on-purpose11 in order to 
reduce the nuisance of glare for other section personnel. 

Most shuttle cars encountered by TB & A consultants lacked tailored-response 
controls. Consequently, control response is abrup t and results in almost 
convulsive movement. (In fact, the controls problem applies not only to shuttle 
cc:.:::s, but to most major pieces of section equipment. ) For the reader who is 
unfamiliar with the technical and mechanical aspects of ,1nderground mining 
equipment, it may be difficult to visualize the problem being described here. 
An analogy which helps in understanding the difficulties and dangers associated 
with present controls may be useful. Imagine the difficulty of attempting to 
pa:::k a large , stick-shift automobile in a one-car garage, with the accelerator 
stuck at full throttle , In such a situation, the driver 1 s only available power 
control lies in engaging and disengaging the clutch. The driver 1 s problem is 
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not too unlike the shuttle operator's problem in negotiating 9u ~ turns in nar -
row entries and attempting to maneuver his vehicle with some precision into 
a 20-foot wide working face a r ea behind the continuous miner or- mechanii:al 
loadel". Shuttle cars with direct-drive provide almost an on/ off response, 
·Ni.th consequent wheelspin when starting. Convulsive control respor.se is not 
only a tramming problem, but applies to boom and conveyor movement as 
well. 

In dealing with all of these problems - - operator protection, visibility, sen­
sitive controls - - anoth er major variable must be considered in order to 
prevent it from becoming an additional problem - - operator comfort. An 
uncomfortable position will tend to fatigue the operator, possibly cause him 
to hurry in order to minimize his discomfort , and tempt him to get out of 
the car or tractor unnecessarily . Ease of operation also includes ease of 
entry and exit since the operator must help with a variety of other work func­
tions such as setting posts , dusting, etc . Some of the almost prone position, 
fully enclosed canopy designs now being conside1·ed by manufacturers would 
fail all of these tests and might result in a shortage of experienced operators 
if they "bid out" from the operator position in order to avoid discomfort. 
This situation is a l ready pre sent in the roof bolting operation which is fast 
becoming an entry level job despite its personal danger and the dependency 
of others on the quality of performance . 

The solution concepts that address these proble1ns are: 

A. Articulated Shuttle Car Concept with Central Seating 

The most significant potential safety improvement in shuttl e car design 
is the use of articulated sections which permit a central seating arrange­
ment for the driver . Central seating dramatically improves visibility 
while moving towar d the face from the belt over that obtained in a con­
ventional shuttle car with rear corner seating, with some visibility 
impairment moving in the opposite direction. In addition

1 
the operator 

is protected from: 1) potential pinning/c:cushing accidents from ribs, 
posts, and other vehicles; 2) the danger of rib falls. Because of the 
articulated movement of the vehicle made possible by the 11 joint" in the 
middle , the vehicle is much more maneuverable and less likely to 
"round-0££11 the corners of pillars at intersections , even in narrow room 
widths . It offers some lat eral adjustment while loading without back and 
forth movement, and has the gotential for faster unloadmg which may 
compensate for the extra 180 maneuver needed to position the load for 
dwnping. A residual benefit is the elimination of the metal on metal 
conveyor - - a maintenance and noise level improvemenL 
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Centered seating offers substantial improvement in riding qualities when 
compared to the cantilever seating in many cars. Aside from the increase 
in riding comfort, this location tends o mitigate the effect of running over 
bumps and other large objects left on the floor. These obstacles tend to 
project the operator toward he roof. causing head and neck injuries and a 
potential loss of machine control. The up and down movement of most cars 
is quite harsh, and any improvement in this area would increase control and 
operator safety. 

Perhaps the most practical advantage of this type of shuttle car is that it 
is an off-the-shelf item requiring no R & D investment or lead-time. At 
least one equipme11t manufacturer -- Jeffrey -- currently produces a car 
with this design. 

The following illustrations show the principle advantages of the articulated 
shuttle car with central seating: 

FIGURE I 

FIGURE 2 

Present popular 
shuttle d sign 

FIGURE 3 

Articula~ed shuttle 
car design 
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Coal 
Haulage 
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Shuttle often bangs into 
pillar while cornering, 
rounding pillar off. 

-------- Operator can be crushed 
agarnst rib, post, other 
machines. 

Shuttle "bends" or 
articulates, allowing 
easier cornering. 

~--------- Ope1ator is protected 
.-4. from crushing/pinning 

accidents, 



B. Cage Protection on Shuttle Cars 

As discussed before, roof fall fatalities represent less than 15-20% 
of the acciden :s on shuttle cars. Lateral collisions with ribs and othe 1 

equipment, and l ow overhanging roof, h eaders , and rib- roof brows 
represent the major hazard . Only very st: ong l ateral protection on 
shuttle c a r operator corner or side positions will prevent the majority 
of shuttle car accident injurie s . Central seating, even without any 
protection, would have avoi d e d inj ury in m any of the fatal injury 
accident s. 

In low coal, canopy or cages a dded to existing designs of shuttle ca::·s 
represent a d~fficult problem because of limited vertical space. A 
low coal compromise cage design may be the b e st ans wer available 
as discusse d in the previous chapter. An additional aspect of the l ow 
coal operator protection problem is the warning t ime available to the 
operator to avoid a colli sion. Shuttle car speed, although not great, 
lessens the t ime to react to obstructions or low· overhangs. Because 
of visibility proble ms, some operators k i lled in collision accidents 
with rib or roof were likely not aware of the c learance problem until 
impact. An effective advanc e feeler or warning device , even ten feet 
a he ad of the oper ato r, m igh t have saved some of the operators. Need­
less to s ay, checkin g clearances on s huttle car routes prior to runs 
also might have helped avoid some of t h e s e collision accidents, but 
s uch proc edures would not be reliable considering t hat roof and floor 
often are continually con verging near fac e areas as mining proceeds. 

A conceptual ske tch of a low coal cage design w i th a warning feeler 
device is shown in Figure 4. The design with an open top is c ontro ­
versial, but may provide sufficient protection to a high percentage of 
pot~ntial fatal shu':tle car accident vic t ims without sacrificing visibility 
o r cre ating extremely cramped or uncomfortab~~ operator space. 
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No cross - bar 
behind o perator , 
allowing him room 
to be 11 pushed-back11 

rather than crushed 
by a low roof 
projection. 

FIGURE 4 

CONCEPTllAL SKETCH 
OF LOW COAL CAGE DESIGN 

FOR CEN''I'ER-SEATED SHUTTLE CARS 
Flexible extensions 
signal opera tor via 
warning device of 
impending roof pro -
jections or irregularities 

We believe it is important to be practical and Co.I efully inves tigate the cage/ 
canopy issue. Based upon the sample of mines encountered in this study, w~ 

believe that strong and e ven emotional resistance exists throughout the indus -
try with regard to canopy requirements for shuttle vehicles in medium and 
low coal. Much of this resistance undoubtedly grows from management's 
natural desire to avoid non-productive in vestment in new or modified equip ­
ment. We feel part of their resistance, however, stems from the possibly 
accurate belief that canopies create even greater hazards than those they 

protect against. Only 2 of 17 shuttle haulage accidents anticipated yearly 
in the early 1970 's v.rould be expected from roof falls. Is there a possibility 
that severely reduced visibility from adopting canopy designs would increase 
the nwnber of collisions and cause 2 or more fatal injuries? Only carefu: 
research will resolve the issue. 

One more point about cages is worth making. Assuming the comfort obstacle 
in cages can be overcome with good design, a miniature wide-angle periscope 
might restore the visibility lost by lowering the operator's head below the 
cage. Combat vehicles sometimes must rely exclusively on this type of 
visibility under certain conditions, so this concept is not new. The wide­
angle periscope would only be supplementary underground and would provide 
object identification, not depth of field. The designs could pivot to provide 

maximum height and avoid dainage from roof projections. 
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.., . Im-eroved Control Response and Improved Lighting 

These problems have been noted and described in earlier sections . We do 
not know the techni:::al problems involved in developing tailored-response 
controls but feel that a variable power lever is not technologically 
infeasible. Mine!'s who break out headlights to rE.duce thE. glare have 
probably created an even greater hazard to machine operators and 
pedestrians than J:he hazard created by the glare of current equipment 
lighting designs. 11 this regard, dir echona= beam lamps or indirect 
lighting designs may prove a useful concept in an attempt to compromise 
the conflicting hazards of poor lightmg ar.d glare . In addition, USBM 
inspectors should strive to ensure tha·~ vehicle lighting conforms to already 
existing requirements in the law. 

D. Miscellaneous Improvements 

The re are a number of other modifications that migM contribute to haulage 
safety. Factory painted roof bolt plates would ensure better visibility, 
increase depth perception and, in the case of face equipment, make the 
last row of bolts more apparent. White plates would be visible even after 
rock dusting since the surface would be white on white and reflect more: 
light than white on the typically black roof. The paint woul-l not ad:l signifi­
cantly to the cost of the plate if applied on the production line. (Note : This 
plate should also be lubricated at the point of contact with the washer type 
bolt head. A "halo" of sparks usually accompany final torquing and the 
r·esistance of metal on metal probably ~nakes torque r<::!adings more variab~e . 
These two small washer changes are oriented toward explosion and roof 

hazards.) 

Battery-powered shutLle ca r s or tractors eliminate a majo1 safety and 
maintenanc e problem of trailing cables, but at the same time have some 
technical problems . Batteries have limited operating time, are expensive, 
and nee d to be changed on-shift . Maintenance of battery housings :s another 
problem because of the high humidity and rapid oxidation of metal s near the 
battery. An inert enclosure might overcome' this obstacle. If the technical 
problems of heat gain and permissible quick -:harging can be solved, the 
battery-powered equipment would be safer and more efficient than cable 
machines. A typica; shuttie car requires approximately 30 seconds to 
dump to a feeder or railcar . It may b e possible to develop an z.utomacic 
quick charge station which would provide power for the unloading conveyor 
and charge a relatively small tramn1.ing battery for round trips to the face . 
The battery could also provide power for minor load adjustments required 
by the machine ' s ,:: onveyor while loading. The quick ·.:ha rge station would 
have to be auto:..-natic to avoid delays and ensure permissibility and 
personal safety . 
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III. SUMMARY CF RECOMMENDA TIONS 

Two maj or ~quipment improvements~ reduce shuttle fatalities dramatically . 
The first is the use of shuttla cc?- rs employing c~ntral-seatrng, thus eliminating 
crushing/pinning-type fatalities against ribs and rib-roof intersections. The 
second is the use of operator cages or cancpies in low and medium coal to 
;:·edu:::e roof pins and roof fall fatalities. 

Improvements in several other areas will reduce pedestrian and machine op­
erator fatalities caused by collisions wi th shuttle r.:ars: 1) tailored-response 
controls, 2) improved lighting, and 3) &. move toward internally powered 

(battery) shuttle cars. 

IV. POTENTIAL LIVES SAVED ANNUALLY 

:'.?otential Lives Saved: 12 

17 

Expect~d annual 
fatali t ies, typical 
year, early 1970 1 s 

12. 

Potential 
Lives Saved 

? 
Unaffected by 
Improvements 

Bas z d upon the slightly increasing trend in fatal accidents occurring durine 
shuttle operations, we can expect 17 fatalities annually - - 15 equipment 
accidents and 2 roof falls . Of the 15 equipment accidents, 10 will involve 
fatal injury to the shuttle car operator, while 5 will involve fatal injury to 
a. !Jedes t rian er other vehicle operator. 

Central-seating could eliminate all fatal rib, rib-roof, post, and machine:;:y 
crushing injuries to the shuttle operator by removing him from the point of 
c ollision -- sa"ing approximately 8 lives/year. 
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POTENTIAL FP.TALITY REDUCTION: 
i\JON -F<.OOF CR US HING /PINNING ACCIDENTS -

SHUTTLE CAR OPERATOR 

l=A1~\Tlc.S 
I00~...--~"""""'9-..-...... ------------t 

0 

v{e estimate that cage protection on the center-seated shuttle could pre­
vent 1 of 2 fatal roof fall fatalities and 1 of 2 fatal roof pinning fatalities. 

POTENTIAL FATALITY REDUCTION: 
ROOF FALL ANC ROOF PINNING ACCIDENTS -

SHUTTLE CAR OPERATOR 

FA..TAL\TIE.S 
100%-----------------------1 

0 
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The improved visibility inherent in center•seating, comt,· :i.ed with 

improved cont rol response and better lighting, could save 2 uf 5 non ­
operator fat aiities - - i.e . , pedestrians and other equipment operators 
-- resulting from shuttle collision . 

POTENTIAL FATALITY REDUCTION: 
SI-TUTTLE COLLISION WITH PEDESTRIANS AND OTHER OPERATORS 

FA..TAL- lTIE.~ 

? 
L IYE4> ~ T 4Due.. TO 
C.01-c...1s10t,.j ,v,Ti--l O'J+,lER T~ 
SMU1TLa U:R.. ~~ 

In summary, we es timate that 12 of 17 annual fatalities colllcl be rr0.vcnLcrl 

by the recommendation s discussed in this projecl. 

V . COST TO IMPLEMENT RECOMMENDATIONS 

1. In the case of the center-seated .. articulated shuttle , implementation 
of the recommendation is more difficult than solving the technical aspect 
of the problem . Assuming that there are approximately 8,000 sh uttle 
ca rs in active use, the total cost of complete, industry-wide use of the 
articulated shuttle would be : 

$50,000 per shuttle (approximate) X 8 , 000 = $400,000.000 
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This works out to about $40,000 , 000 annually based up '·n a 10-year 
amortization, or about 11¢ per ton of c.oal. The s e figures indicate that 
a massive, "all-at - once" shift to this type of vehicle is probably im­
practical. 

A more realistic approach would be a required 11 phase-in11 of the center 
seat design as old equipment is depreciated or as a particular mine is 
worked out, with a final deadline date for required use, USBM has uti­
l ized a similar approach before with permissible equipment. The 
effect on fatality reduction would not be as immediate or dramatic using 
this approach, but industry resistance would be minimized. 

2. The cage concept requires little or no R & D or design investment.. The 
degree of technical complexity does not appear to be significant.i.y greater 
than that involved in installing a roll-bar on a sports car . A wor1'able 
cage could probably be installed on most shuttle cars for about $500 . 00 
per vehicle. As an interim measure, cages installed on present, side­
seated shuttles would save some , but not all,of the lives which could be 
saved using the center-seated car . The approach to cage utilization in 
low and medium coal is dependent upon the system of implementation 
required for use of center - seated shuttles , since the two concepts are 
closely related. 

In summary, we estimate that 10 lives annually could be saved through 
the combined use of central-seating and cages. But the industry cost 
of such changes depends upon the system of implementation. Therefore, 
cost effectiveness estimates - - i . e . , cost of implementation per life 
saved -- are not possible at this point. 

3 . The cost of improved control response and in1proved lighting 1s unknown. 
A move toward battery-powered vehicles might affect shLtttle fatalities 
indirectly by reducing hazardous maintenance situations caused by the 
need for cable repair , etc. The elimination of cabled vehicles , how­
ever, would not directly affect shuttle fatal ities . (Note : Elimination of 
cabled vehicles w ould obviously affect fatal electrical maintenance 
inj uries; see Chapter 9, Maintenance Fatalities . ) 
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CHAPTER 12 

MACHINE LOADING ROOF FA.!..,L ACCIDENTS 

I. STATEMENT OF THE PROBLEM 

Forty-two men lost their lives during 1')66- 1970 from roof falls while th y 
w ere operating loaders in conventional type mines " Half of these men were 
killed working undt:r unsupported roof; one-fourth were kill(!d working in 
areas incorrectly suppo1·ted (in violation of the support plan); and one-fourth 
were killed working undf'r approved roof support, 

U. ANALYSIS OF THE PROB:i..EM 

A. Unsupported Roof 

POTENTIAL MOVEMENT UNDER UNSUPPORTED ROOF 

SAFE ZONE I UN~~FE ZO~E 
.. ~------ I -----~-

I 

D 

Ilal[ c[ the fatalities while op~rating a loader were experienced hy 
persons uther than the regular loader uperator. An analysis of th ~ 
fa tality dat?. shown on the next page indicates that then' is no differ­
enc in t he factors shown between the "other 11 operators and the 
regular op<'rators with regard to the percentag('s of roof faH accidents 
while operating loaders . 

188 



FALLS VICTIM UNDER ROOF 

Unsup - Un sup- Total 
JOB TITLE Approved Violation ported ported Un Fatalities 

plan '~ of plan ,:, Necessary Necessary 

Regular Operator 6 14 % 6 14 % 1 2% 9 22 % 22 52 % 

Other than 4 10 % 5 12 % 0 11 26 % 20 48 % -
Regular Operator 

TOTAL 10 24 % 11 26 % 1 2% 20 48 % 42 100% 

,:,Roof control plan 

1. Undercutter Operator 

The undercutter operator determines the depth of the face cut by his 
sump, and establishes the penetration required to load out the coal 
during the subsequent loading cycle . The safe penetration distance of 
the -wi.dercutter is therefo re that whicb a llows the loader operator to 
remain under supported roof at all times . For example , a loader 
operator may be able to load safely as long as he loads perpendicularly 
to the face ( see A ); but when he positions the loader to load coal at 
e ither corner of the base, the penetration depth required increases 
20 % • At this time the operator is frequently beyond the last per­
manent support and is exposed . (see B) 

." 
8 -OPeRA."ft>R.. 

lA.'=>T RO~ 
OP SOLTS> 
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In other cases the undercutter blade (which may rang e from 9-15 feet 
on different models) may cut a section of coal which, if completely 
shot out , pr.ts the loader op erator under W1Supported roof as he draws 
near the end of lus loading cycle, even if the loader is kept perpendi­
cular to face . This case is diagrammed below 

LOM:>ER. 

2. Coal Shooter 

The coal sho oter also affects the pen~tration required to load out the 
coal di.iring the next loading cycle by the si ze and location of the 
cha: gc s , An example of this was observed during the field study; 

The left corner of a face was bt.tted to a new break with a thin partition 
of coal between the break and the face. The face was undercut and shot. 
A JO-foot section of waL. and face was left afLr shooting, and the roof 
bolter was unable to position his equipment in the 10-foot area to drill 
and insert roof bolts. The loader operato1- was. therefore, tempted to 
work under unsupported roof. This situation can occur in varying 
degrees of severity every 4 - 6 cuts, whenever a new break occurs. 

In theory, the safer procedure in this case would be for the roof bolter 
to enter and bolt after a partial loading cycle, followed by re-entry of 
the loader. However, during the underground observaLons conducted 
during this study, this safe procedure was never seen, 

Hence, a more practical procedure may be to rely on matched equip­
ment to minimize the number of times this situation would occur. 
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3. Roof Bolter 

When the undercutt e r penetration is not 1natched t o the approved roof 
bol t plan, the loader operator is further endangered. An 11 r cut w ith 
a 4 'x4' roof bolt pattern, for exam ple , leave s a 3 foot unsupported 
are a at the fac e. But a 13 1 cut w ith a 4 1 bolt p att ern, or an 11 1 cut 
with a 5 1 pattern leaves a safe one-foot unsupported area at the face. 

Two examples are s hown in th ~ following illustration. 
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vve have observed some ::oal operators increasing the number of 
roof bolts required in a.n attemp~ to insure compliance with the ap 
proved roof control plan . This can change the distance to the face 
of the last row of roof bolts, creating a haza:.dous exposure situation 
for the loader operator. 

4 . Loader 

The loader operator sometimes needlessly exposes himself to un­
supported roof conditions. He frequently trams from the face 
just loaded directly to a new break joining that £ace. When he 
trams directly instead of performing the proper tram out and tram 
around to the supported area of the break~ he advances the loader 
directly to the break under unsupported roof and repeats the loading 
cycle und er the unsupported roof. 

In swnmary, loading, undercuttmg, and the roof bolt plan are inter­
related and must be considered concurrently when trying to ensure 
loader safety. 

LOADER 
Safe loading 
penetration. 

Roof Control Plan 
Safe loader penetration 
distance is a function of 
roof bolt spacing. 

Undercutter 
Safe loader penetration 
dis tance is a function of 
the depth of undercutter 
sum • 

If this is not done, the loader operator either works under unsupported 
roof conditions or a loss of production results as the loader endeavors 
to ren1.ain under supported roof. 
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Choice of equipment is p re sently a management function, and modifica­
tions to equipment which can affect p1oduction operations are largely 
vohm.tary. Min e rs' refusa~ i::o wo,:k t.nd ::. r 1...nsupported roof can be a 
powerful lever in generating mod1ficc:1.tic,ns which will prevent hazardous 
exposure to the miners (c g . , stops on .inde:i:cutter blades to control 
sump depth). 

Alternatively, there may be .,,ome saLty ',enefit in regulating (i.e. , USBM 
regulation) equipment matchi ,1g . F'.:>:- e; (ample, a 15 ft. cutting bar would 
be permissible only when used with certain machine loading equipment; it 
could not be used in conjLU1ct1on with any machine loader whose physical 
dimensions put the operator under unsupported roof during c:1.ny part of the 
loading cycle after a 15 ft. cut . Equipment matching tables ..vould be ea sy 
to devel op. An example is given below. 

TYPE LOADER 

GOODMAN 970 - L 
GOODMAN 870 - LW 
GOODMAN 968 
JOY 14BU10-41 
JOY 14BU10 -11 A 
JOY 14BU10-41E 
JOY 14BU10-41C 
JOY 14BU10-11C 

B. Support Plan Violation_ 

MAXIMUM CUTTER BAR 
LENGTH 

9 ft. 
9 ft. 

13 ft. 
11 ft. 

9 ft. 
11 ft . 
9 ft. 

11 ft. 

All fatalities from roof falls attributed to support plan violations have 
decreased steadily from 1966-1970. Roof fall fatalities caused by tem ­
porary support violations have dropped dramatically, wh~·le the decrease 
in fatalities due to permanent support violations has been more gradual. 
(Note: While legal "violations", per s~, were not possible until TJSBM 
approval of roof support plans became a requirement in 1970, 11 violc.tio11s" 
of company roof support plans were noted in 1966-1969 fatality reports ) 

Roof fall fatalities experienced by machine loaders followed the aam·~ 
tr end. 1970 showed no temporary support violation fatalities and on·1y 
one permanent support violation fatality. Increased knowl edge, be~i:ei· 
:raining, and stronger law enforcement are responsible for the reduc ­
tion in this category of fatalities. 
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The roof fall fatalities that occur while operating loaders under 
roof in violation of the approved support plan can be further re­
duced through increased efforts by the USBM inspectors to recognize 
roof control plan violations and enforce comp1.iance. Although in­
spectors presently have sufficient enforcement capability, sc~ne 
inspectors have told us that they sometimes la-::k either familiarity 
with specific roof control plans 0:,: the time to measure deviations 
from the approved plans. 

Miners also must be trained to recognize support plan deviations, must 
be taught to avoid deviations themselves, and must be discouraged 
from working within violation areas. 

C. Approved Roof Support 

All categories of roof fall fatalities decreased during the 1966-1970 period 
except for the approved permanent support category, which increased. 
The same relationships hold when broken down for machine loading fatal­
ities from roof falls. 

When roof fall fatalities from violations of permanent support (which 
decreased) are added to the approved permanent support roof fall fata­
lities (which increased) there is a slight increase in the total number of 
fatalities resulting from roof falls of supported roof. If the slight fatality 
increase is normalized by annual tons produced to arrive at fatalities per 
million tons, however, there is a slight improv~:ment in the fatality record. 

Although the analysis of fatality data indicates that fatalities from roof 
falls are declining, the category -- approved roof support fat alities --
is increasing. (See note on the changed definition of violations, preceding 
page.) This is true in spite of the in-depth attention given to roof support 
research by the USBM. TB & A consultants were concerned by the lack 
of awareness of USBM research efforts and USBM technical information 
regarding roof support on the part of many management personnel 
particularly small, independent Of,erators. This fact seems to indicate 
that dissemination of existing data to the operating industry should be 
as important a goal for the USBM as additional research. 
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III. SUMMARY OF RECOMMENDATIONS 

A. Unsupported Roof 

1. Encourage loader operators to refuse to work under unsuppo rted roof. 

2. Regulate depth of u11dercutter swnp to insure that loader p enetration 
depth does not put loader operator under unsupported roof; this may 
include put ting stops on undercutter blades. 

3. Match the penetration depth of the loade r to multiples of the established 
roof bolt pattern to minimize the distance between the last line of sup­
port and th e face) thereby reducing the loader operator exposure to 
unsecured roof during the second loading cycle. 

B. Support Plan Violation 

1. Emphasize USBM inspector enforcement of approved roof control 
plans. This may take the form of both additional inspections, and 
more thorough inspections of roof control compliance and roof 
cont rol problems. 

2. Encourage loader operators to refuse to work in r oof control vio­
lation areas. 

C. Approved Roof Support 

1. Inadequate Support 

Increase training of USBM inspectors in roof conbol problems and 
correction techniques so that they can recognize and t ransmit roof 
control inadequacies to the respective sub -district offices for prompt 
remedial action. 

Disseminate information on roof control from USBM Research Lab­
oratories to all coal operators and USBM inspectors. 

2. Non-Controllable 

Non- controllable refers to supported roof falls which can not be 
anticipa ted nor prevented with local area knowledge of roof control 
and lithology. 

a. Determine level of local area knowledge of roof control and 
lithology. 
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b. Determine 11: v e l of u ~a ble r es e arch inform ation and whether ~h e 
l e vel is sufficient to cont rib u t e to a reduction o f no n - controllable 
supporte d roof falls , 

c. Up - date USBM inspec t o r s in new roo f control t echnology . 

d . Review and upgrade a pproved roof con trol plans o f mines wi t h 
a supported roof fall hist ory. 

I V. POT E N T IAL LIVES SAVED ANNUALLY 

-t?otential L iv es Sa ved Annually : 5 

7 

Anticip ate d fatalitie s 
T ypical Y e a r 
E arly 1970 1 s 

? 

Potential 
L i ves Saved 

2 
Unaffec t ed by 
Imp rovement 

I n stallation o f the recommendations i n this c h apte r a re e s timated to 
resul t in the saving of five of the seve n l oade r op e r ator liv e s expected 
to b e lo st e a ch year in the 19 70 1 s . We f eel tha t pr oper mat ching of 
equipment c an s av e t h ree lives; c lo s er attention to approv ed roof cont rol 

p lans, one life; and the dis semination and implementa tion of recent research 
finding s en r oof suppo rt, one life . 

V . COST T O I M PLEMENT R ECOM MENDATIONS 

1. Unsupp orted Roof 

T h e r e i s no i nune cliate cost if c oal ope r a t o r s m a t ch equipm e nt t o 
t h e b e s t of their a b ilitie s within their s pecific equipment arr a y, 
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2. Support Plan Violation 

There is no true addit ional cost for compliance to the approved support 
pla n s . 

3. Approved Roof Support 

It is est·rnated that three man-years at $15,000 per man-year would 
be required to gather, collate and distribute roof control research on 
roof support technology to the operating industry. 

$45, 000 for study 
( 1 potential life saved annually 

x 360 million tons) 
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= 
$45, 000 e s timated 
cost per life saved, 

or . OlO ton / life saved 



CHAPTER 13 

ALTERNATIVE EQUIPMENT MODIFICATIONS 

I. STATEMENT OF THE PROBLEM 

There are many equipment modifications which . .::an contribute to fatality 
reductions by eliminating the hazard itself, reducing the exposure time of 
the operator, or elimin ating the need for an operator to be exposed. The 
modifications presented here are m a inly low cost changes, which should 
be considered as alternatives to implementing the major equipment changes 
outlined in other sections. 

II. ANALYSIS OF THE PROBLE:tvi 

The problems and solutions contained in this chapter weave in and out of 
other projects. The reason for repetition of some i tems is to add emphasis 
to the sev erity of the problems, and to show that the causes for some high 
frequency fatalities may have simple solutions. 

A. Undercutter 

The undercutter should theoretically be a very safe face machine. 
The operator should never need to be under unsupported roof since 
he follows the bolter .Lil sequence. However, in fact there have been 
six fatalities where the victim was needlessly killed by a roof fall 
under unsupported roof. 

In these cases it was found that the undercutter sometimes skipped 
ahead of the bolter because of the slower bolting cycle and undercut 
in a face area which the bolter had not yet secu red. This situation 
was observed by '!'B & A in several mines. 
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Description: Loader ha s finished in # 3, moves to # 2 ; bolter is still bolting 
in # 4; cutter h as finished in #5; c annot mov e t o #4 because of R B: wants 
to get out of w ay so shot fi re m an can m ove from# 1 to #5. 

The most effec t ive way to reduc e these und e r c utter roof fall fatalities i s 
to design greater efficiency into the roof bolter to s h o r t e n the bolting 
cycle time, 2.nd reduce th e temptation for the u nd e r c utter to skip ahead. 
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B . Loader 

1. Flexible Ar m Extension 

The addition of a flexible arm extension at the rear of t he loade r (also 
the continuous miner) and cable tak e up and payout re e ls woul d 
eliminate the primary function of the high-risk job of helper , An illus ·­
tration of the arm exte ns ion i s s hown b elow. 

F L EXIBLE '~ CAB L E EXT ENSION 

,:,Arm Gives U n der 3 0 -40 Pound R e sista·.1ce 

T OP VIEW 

SIDE VIEW 

The major task of the he lpe r is to move cable s and ho ses while the 
o p e r a tor is changing l oc ation of the e q u i pment within the face a rea. 
B e cause the operator cannot s e e the h e lper who is a t the r e ar of the 
machine, the helper is freque ntly p inned or struck by th e machine. 
C a b le devices that w i ll perform the same functions as the helper are 
the logical way to reduce the helper fatalities . 

The re were 27 fatalities of he lper s who w ere pe rforming ta s ks directly 
related to the equipment, and 34 fatalitie s while the h e l per was per­
forming tasks i ndir ectly related , for a tota l of 61 fata litie s fro m 1966 -
197 0, The argument for using h elpers so they can be trained a s 
operators is a very costl y rational e in ter ms of lives lo s t, Ba sed on 
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our SO-mine sample, we estimate that only 30% of the J.Oaders utilize 
helpers. (Vir tually 100% of the continuous miners, however, utilize 
helpers. ) We estimate 2/3 of these positicns could be eliminated 
on an industry -wide basis. 

The impact of machine dimensions upon safety should be considered 
on all future loader designs, as the loader usually has the greatest 
width and h e ight dimensions of an7 face equipment. The loader is 
difficult to negotiate around corne:i. s. This difficulty contributes to the 
d estruc t ion of ribs at inter sections, which contributes to rib falls and 
roof falls because the area of the intersection is enlarged. 

SHUTTLE CAR 

~~Jd~/ 
• 

.t 

71.· ~ --. _,., ./r· 
.. · . ' / ./ 
. . . 

Shuttle car, 
typically about 
24{' long by 9' 
wide, clears 
corner easily. 
Operator has 
some prote ction 
- - since he is 
protected in 
recess near 
wheels, usually 
at 2 , some­
times at l . 

FACE DRILL 

Although 11' wide, 
face drill frame is 
usually only 15 1-16 1 

long. Corners 
easily turned. Op­
erator has protec­
tion in recess 
be tween wheels, 
as shown. 

FACE CU'TTZF, 

Cutter frame usuall 
only 9' -10 ' wide by 
15 1 -16 1 long. Cor­
ners easily turned. 
Operator protected 
on either side in 
wheel recess. 
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LOADER 

Loader dimensions 
typically about 2st I 
long by 9 ' wide. 
Operator sits facing 
in (on other machines 
operator normally sits 
facing front or rear 
(tc face). 
He sits outside 
tracking gear on 
small, unprotected 
flat seat, about 
18 11 wide. Two 
hazards compounded: 

1) size of machine 
necessitates close 
rib clearances. 

2) operator position 
is highly exposed. 



2. Operator Protection 

The machine loader is inherently the most dangerous piece of face 
equipment to tram or operate . The operator's s ilhouette extends 
8"-10" beyond the frame of the machine, making him highly vulnerable 
to crushing lateral forces (machines, ribs, etc .). Fifty-seven miners 
wer e crushed in the period 1966-1970 because their equipment had no 
side protection or no seat at all. 

A solution to the crushing fatalities experienced by the loader operator 
is to locate the operator further back on the machine so that his 
silhouette lies completely within the frame width - - then t o build a cage 
around him. This places the operator in a location where he is able 
to escape both over and under the conveyor. In addition, the extra 
5 1-7 1 of linear distance from the front of the loader a llows him to 
penetrate further under unsupported roof during the loader cycle w ith­
out actually exposing himself to unsupported roof. The diagram on 
the following page illustrates this suggestion. 
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P R E SENT 

- ----------- - -- Operator only i.2 - 14' from front 

/', 
/ ) 

/ / 
/ / 

/ / 

/ 

R ECOMMEN DED 

/' 
/ ) 

/ / 
/ / 

/ / 
/ 

of machine 

Operator sticks out 8-10'' f rom 
frame of machine . 

Ope tator position is moved from 
side to rear of frame , givin g him 
5 1 -? 1 more for safer angle -loading. 
and moving him inside frame­
width of loader, Conveyor still 
can be rotated to its 45° limit 
without interferenc e , 

~E.C.0\..1~~..;t:.)E.,D 
~srnoµ. 
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The ultimate solution t-:> the machine lo ader pr ob lem i.., c omplete redesign. 
The loader 1s s ilhouette g r eatly imp edes t he oper ator ' s visibility. A 
lower silhoue tte which slopes forward will contribut e gr e atly to the s a fet1 
of others n e ar the loa d e r. Furthermore, there is no functi onal reason 
why the conveyor has to be centered o n the machine . An ide a l loader, 
f:i.·om a safety standpoin t, m ight be totally re -c onfigured a s s h own b e low: 

C . Continuou s Miner 

OPERATOR 
CAB 

1. T h e a d dit ion of a flexible a rm t o the continuous min er is similar to the 
s i tuation o f a dding one to the loader . 

2. An e xtendible brat tic e attached to a bratt ice su ppor t at the front side 
of the mine r offers s everal impr ov e ment s to the presen t method of 
hanging brattice at t he face . F ir st, the miner can continue to m i n e 
c.-:>al during the time presently r equired t o a dvanc e the b r attice. Second, 
the n e ed for a helper is further reduced whe n the brattic e -setting 
task is eliminated . This means the h elper and other s do no t n eed to 
b e near the cutting head nor under po s sibly u nsupported roof, both 
high risk p ositi on s. 

Z.04 



It is felt that the brattice support a nd t h e cable and h e ..;e m odification s 
will so reduce the tasks of the continuous miner h elpe r that the posit ion 
will no longer be required. A true saving is possible by u sing the 
helper to perform those othe r m ine t asks such as rock dusting , clean-up 
and general utility for which an additi onal person is usually hired. 

3. The continuous miner has a methane monitor which becomes fouled 
with dust and must often be cleaned 2 to 3 times per shift. Often the 
operator cleans the s ensor under unsupported roof because it is too 
muc h trouble to tram back from the face to a s a fe area. The solutions 
are t o have a retr actable sensor, or a sensor that will fo ul les s often, 
such as by having a dust filter ahead of the s ensor. 

D. Shuttle Cars 

1. There ar e several features which sho uld b e built into future s huttle cars . 

a . Future shuttle car designs should incorp orate slow-rise shock 
absorbers to reduce the present high bounce when a c a r climbs out 
of a s udden d ip in the floor. Canopies will prevent the operat or 
from injury against the roof, but the improved shock absorbers c a n 
prev ent the operator from m omentary loss of control over h is vehicle 
as he is thrown about within t h e protective canopy . 

b. The high drive whine alerts other miners to an a pproaching shuttle 
car. It has the opposite value to the s huttle car operator, howe ver. 
The m odulating frequency and high decibel rate prevent the operator 
from hearing commands , other equipment, or the mine itself and is 
a real hazard. Damping could be affected through either isolation 
or insulation of the main drives . 

c. E xcessive coal spillage during loading of shuttle cars creates extra 
hand loading and cle an-up a ctivities. Thes e hand a c tivitie s are 
h azardous bec ause the men often walk under unsupported roof with­
out realizing i t , 

2. F orty shuttle car and battery powered utility vehicle operators were 
k illed during 1966-1 970 i n accidents cau s ed by crushing against ribs 
and other vehicles and running i n t o appendages of parked vehicles 
such as cutt er b a rs and loader booms. Shuttle cars and utility vehicles 
should be provided with s ide protect ion devices for operators. 
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III. SUMMARY OF REC OMMENDATIONS 

A , Loader 

1. P rovide a flexible arm e xtension at the right rear of the ioader to 
raise the power cable and water hose from the floor. This will greatly 
reduce the need for a l oader helper . 

2. Change the loader operator's position by: 

a Moving the machine c ontrols back 5 to 7 feet so that the operator 
can: 1) oper ate the machine fr om a position inside the frame w~.dth, 
thereby reducing his exposure to crushing by r ibs and other equip­
m ent, 2) penetra te further under unsupported roof during the regular 
loading cycle. (See the discussion of s afe loader penet:l."ation, 
Chapter 12, Mach i n e Loading .) 

b . Prov iding a protect ive side canopy or bar around the operator to 
prevent injury from rib and vehicle collis ions. The canopy would 
remain w ithin the loader fram e width. 

c. Lowering the loader machine silhouette forward for inc .:-eased 
vis ibility by the operator. 

B. Continuous M iner 

1. Provide a flex ible arm e xtens ion at the r ight re ar of the continuous 
miner to rais e the power cable and water hose from the floor. This 
will reduce the need for a continuous miner hel per. 

2. Provide a support at the front of the continuous miner to which an 
extendible brattice can be attached. This will further reduce th<:! need 
for a miner helper (see Chapter 18). 

3. Design the methane sensor of the methane monitor so that it does 
not need to b e cleaned so often nor cleaned under unsupported roof 
if machine is not trammed out. 

4. P rovide a protective side canopy or bar around t.he ope.rate:..· to prevent 
injury from rib and vehicle collis ions. 

C. Shuttle Cars 

I. The des i gn of future shuttle cars should incorporate the following 
features: 

a. Shock absorber s which have a m uch s lower expansi on rate than 
com p:res sion rate to significantly r.educe the bounce when a car 
climbs out of a sudden dip in the flo o r. 
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b. Reduced high drive whine of shuttle cars to improvr t he ability 
of t he operator t o hear warnings from the mine and miners and 
to hear other equipment which might be converging upon the shuttle 
car . 

2. A pr otective side canopy or bar around the operator to prevent injur y 
from rib an.i vehicle c ollisions should be provided. 

IV. POTENTIAL LIVES SAVED ANNUALLY 

P otential Lives Saved : 11 

,~ 
Anticipated Fatalities 

Typical Year 
Early 1970's 

I I 

P otential 
L ives Saved 

V. COST TO IMPLEMENT RECOMMENDATIONS 

A. Loader 

1. Cable and H ose M odification 

s 
Unaffected by 
Improvements 

• Estimated additiona l c os t per machine - $2000 
$2 000 x 2 56 0 load ers = $ 5, 12 0, 000 total gross c ost to industry 

• Estimated lives saved annually - unknown, but reduced helper tasks 
and hazardous task loca tion contri­
bute to fatality reduction. 
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2. Change Loader Operation Posit ion 
a. Relocate C ontrols 

• E stimated cost to relocate controls 
b. Side Canopy 

• Estimated cost for side canopy -
Total cost per machine 

- $500 

$500 
$1000 

$1000 x 2560 loaders = $2,560,000 
$2, 56 o, 000 -=-......... --'---'-.:.....:....:..__ ___ = $ 5 12, 0 0 0 per year 

5- year amortization 

$512 000 
= • 07 ¢ /ton/life sav ed 

2 lives saved x 36 0, 000, 000 tons 

c. Estimated cost to lower loader silhouette and slope silhouette forward 
f or maximum visibility by the operator. 
• Estimated additional cost per machine: - unknown 
• Estimated lives saved - unknown ; but better visibility should 

contribute to a reduction in fatal accidents. 

C. Continuous Miner 

l and 2. C a ble and Hose Modi fications; B rattice Support 
• Estimated addi t ional cost p er m achine 

Cable and h o se m odificat ions - $1000 
Brattice support - $1000 
Total cost per machine - $2000 
$20 00 x 1775 c ontinuous miner s= $3,550,000 

* Less: $10, 000/year/helper x 11 85 continuous miners = $ 11, 850, 000 
Annual Savings = $ 8, 300, 000 

• Estimated annual savings 

$8, 300, 000 = .77¢ savings/ton /life saved 
3 live s saved x 36 0, 000, 000 tons 

3. Better Integrated Methane Monitor 
• Estimated additional cost per machine - unknown 
• Estimated lives saved - unknown, but less hazardous exposure should 

contribute to a reduction in fatal accidents. 

4. Provide Operator Side Protection for Protection Against Rib and Vehicle 
Colli sions 
• Estimated cost for s ide protection - $500 

$500 x 1775 Continuous miners = $887,500 

$887,500 = $177,500 per y ear 
5-year amortization 

$177 son = . 05¢/ton/life saved 
1 life saved x 36 0, 000, 000 ton s 

* Estimate that 2/3 of continuous miner helper jobs can be eliminated . 
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D. Shuttle C ar 

I. New Design Features 
Slow rise s h ock absorber.., 
Reduced drive whine 
Increased conveyor speed 
• Esti mated additional ~ost per machine - unknown 
• Estimated lives saved - unknown , b ut new features will contr ibute 

to safer shuttle haui.age. 

2. Provide operator with a side pr otection against rib and vehicle c o llisions. 
N ote : This is a sub- optimal solution; the ideal solution is d iscus s ed 

in Chapter 11- - the recommendation that the industry move 
toward s ole u s e of cente r -seated shuttle cars . During the tran­
sition period, however, 11 add -on 11 s ide protection will save 
s ome, though not all , of the lives which can be saved by central 
sea ting. 

• Estimated cost for s ide protec tion - $5 OC, 
$5 0 0 x 10, 000 vehi cle s = $5, 000, 000 

$5, 000, 000 = $1, 000 , 000/year cost to industry 
5-year amortization 

$1 ,000, 00 0 = • 06¢ I con/li fe saved 
5 lives saved x 36 0, 000, 0 0 0 t ons 
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CHAPTER 14 

AUGER-TYPE CONTINUOUS MINING ACCIDENTS 

I. STATEMENT OF THE PROBLEM 

Dur:ng the period 1966 -1970, 25 fatal accidents r~sulted from roof falls ( 13), and 
machine -related ( 12 ) accidents in mines worked with auger -type continuous 
miners. The auger mining environment, characterized by i.::>w -- 24-36 11 

- -

coal, presents some unique safety problems both in terms of roof control 
and equipment safety. Comp ounding the inher ent hazards is the nature of the 
mining process itself which requires 6-9 crew members working simulta ­
neously in close physical proximity (within a 20' 1~ 20' square) during most 
of an 8-hour shift . thus increasing the probability of a multiple fatality 
accident c 

II. ANALYSIS OF THE P R OBLEM 

Two major conditions combine to make auge r -type c ontinuous mining hazardou s : 
1) the high incidence of roof falls r e sulting from the wide- rooming t echniqu e of 
the auger miner and the lack of continuous r oof support ; and 2) the inherent 
danger of the continuous interaction between a 6 -9 man c r ew and a constantl y 
moving machine operating in an irregular patte:r:n. 

A. Roof Support Problems 

TB & A consultants often o bserved unsupp orted 80-90 ft . mined spans in 
auger-type mines during the field observation portion of ::his study. I n 
addition, where support was used near the working face, the timbers 
were constantly being removed and replaced in order to allow for the 
movement of the miner boom and move able bridge. The posts were 
either removed intentionally by a timlJerman or knocked out by the move ­
ment of the boom and bridge. Timbermen often g ot behind in post-setting 
if the miner boom and bridge were in a position to knock out a l a r g e n umber 
of posts very q u ickly, as for instance, in turning an entry: 
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One theory of ;.:oof support holds that roof left un support el< for a long 
period of time, e.g., overnight, loses its cohesive integrity and can 
never be safely supported. (This is called roof "flexing" .) The continual 
withdrawal and replacement of support in an auger mine may flex the 
roof and leave it in a similarly weakened condition, although there is no 
empirical data to prove or disprove this theory. 

Adding to these roof hazards is the danger created by the miner's winch 
jacks as they gouge into the roof under tension. A majority of the auger 
section crew members interviewed felt that this winch pressure against 
the roof was one of the major safety hazards in auger mining. The jack 
acts, in effect, as a high powered roof scaling tool, often penetrating 
the roof several inches and levering down a thick section of rock, as 
shown: 

I 

Jack is set 

lI 

Tension cable moves 
jack; force is e~:erted 
against roof 

m. 

Possible roof fall 

Adding to the total system of auger mining roof fall hazards is the close 
proximity within which nearly the entire section crew works. As many 
as 6-9 crewmen may be working within a 400 sq. ft. area centered around 
the mining machine. A substantial roof fall in the face area can kill 
the entire crew . This v '2!ry kind of disaster was prevented in an auger 
mine visited during this study by fortunate circumstances. A large, 6 ft. 
thick, rib-to-rib fall occurred, permanently burying the auger mining 
machine, but fortunate·ly causing no injury as it was the lunch b:i. eak 
and no men were in the area. 

In surrunary, four characteristics of auger mining interact to create a 
hazardous roof environment: 1) wide-rooming techniques; 2) roof 
flexing caused by noncontinuous roof-support , i.e., constantly removing 
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and replacing timber s ; 3) roof hazards created by winch jacks under 
high t e nsion; and 4) close crew proximity, i.e., the 11 two or more birds 
with on<' ston e" effect. 

Wide-rooming and t :.m ber removal and r eplacement a re an inherent part 
of the auger system of mining and ar e unavoidable, short of outlawing or 
significantly limiting this mining method. It, therefore , s eems t o follow 
that the hazard l evel gener ated by potential roof falls will be unavoidably 
higher in auger ~ n es. We feel that the m ost sensib l e way of dealing 
with this problem is to: 

• Reduce the concentration o f personnel in the immediat e area of the 
miner thr ough procedural changes. 

• Recognize that the percentage of roof falls caused b y winch jacks can 
be avoided a,'ld seek to eliminate them thrcup.;h the use o f different-­
equipment. 

• Recognize the unavoidability of a certain percentag e of roof falls 
and seek to minimize the ir danger through the u se of a practical 
canopy system. 

1. P rocedural Changes 

We believe a large p ayoff both in terms of cos t effectiveness and the 
absolute number of lives save d lies in restructur ing the t ypical hand 
loading and clean-up cycle. As pointed out in Chapter 16 o n Hand 
Operations, Sectio ns 75. 400 -1 and 75, 400-2 of the Health and Safety 
Act of 1969 are vague r egarding specific clean-up requirements, 
Whatever the intent of the Act regarding clean-up, common sense 
suggests that clean -up activities should not in themselves create new 
hazards. In the case of auge r mining, it i s commo n practice for the 
two jack.men to double a s c lean-up men on either side of the m a in a u gers, 
shoveling loose coal directly into the three small 11 clean -up11 augers 
while the large auger s continue to mine (Illus t rat ion 1) , If, instead, 
clean-up is conducted by shove ling onto the belt after the mine r has 
advanced , as in Illustration 2, the d a nger of being caught in a roof 
f a ll n ear th- face is reduced and on e fatal accident per year can b e 
prevented. Of course, large rocks or chunks of coal must still be 
removed i n some situations to permit machine movement. 
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This proc e dural change .,:,,ill also reduce the number of . atalities due 
to being caught in the main auger s, as discussed in a l ater section 
on Man - M achine Interaction Problems. 

ILLUSTRATION 1 

Jacksetters shovel loose 
c0al into augers. 

2 . Winch Jacks 

ILLUSTRATION 2 

Loose coal is shoveled on w 
bridg e after miner advances . 

We feel that Cable Winching as a major roof control hazard can b e 
eliminated through the devdopment of a self-contained d r i ll- jack 
unit which dr ills itself into the floor and roof using the miner as its 
source of electrical power. The unit would require no maj or en­
gineering advance; the technology is ess entially that of the hand-held 
face drill which uses the cutter as a power sour c e in c onventional 
rrunmg. Equipment specialists claim that hig h m ain tenanc e co s ts 
make thif. concept infeasible and impractical. We fee l , however, 
that the unit does merit fo r mal s t udy to r e solv e thi s i ssue. 
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1. START 2. DRILL 3. FINAL POSITION 

I 

The proposed change in winch jack design h.a.s two important benefits: 

a. It in::-ures the jack being in a static position before the cable 
tension is applied. With the present system, the cable tension 
pulls the jack into the final position, often "vith unpredictable 
jack movement and jack-roof interactions. The new jack would, 
in effect, virtually eliminate roof falls caused by the jack -
winching of auger miners. 
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b. It allows the jacksetter to leave the winching area before cable 
tension is applied . Under the present system the jacksetter 
stays right with the jack during the application of cable tension 
(i.e., the most dangerous time) to hand-guide the jack's roof 
spike and insure a sec:.ire "bit~" cy the j'ack, 

3. Canopies 

In an auger mine it is not un:isual to have 6 -8 men w1thi.n 3 - 5. feet of the 
miner during its operation, as shown here: 

® 
=o _, 
0 

2.D' ,, -o 

® 

© 
® 

@ 

~, 
1 & 2 - Jackmen 
3 & 6 - Timbermen 

4 - Foreman 
5 - Operator 

7 & 8 - Extra men ofte?1 
in area 

The ideal protection for these men is a single integ rated canopy system 
which covers all of them and is an integral part of the miner itself. 

In extremely low coal - - 2.4-28" - - roof clearance above the miner be­
comes critical, and the additional height required by, say, a 4" I-beam 
canopy system makes a canopy solution infeasible. Only a major equip­
ment redesign ~£fort to integrate the canopy with the machine so that 
the present height of the miner 1s not increased will make canopies 
practical in extremely low coal. 
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In 28-36" coal, the normal height of auger mines, the single unit canopy 
system appears more feasible from an economic and en~ineering stand­
point . A system of adjustable I-beams could be attached to the top of 
the miner, since at t h ese coal heights the miner height is 4-10 11 

lower than the height of the a uger mining heads , exclusive of raising 
and lowering the augers. Schematically, a hydraulically or mechani­
cally operated canopy system might look as presented below: 

The belt conveyor could be re-routed across the top of the canopy with 
minimal redesign. Further, the canopy would take advantage of the 
low roof height to lever against the effects of a nearby roof fall: 

SCHEMATIC: LEVERAGE AGAINST ROOF FALLS 

~oo 
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Small foldable trusses could b e provide d at the c orner~ of the canopy 
when fully extended to add additional su pport in case of a fall: 

SCHEMATIC: TRUSS SUPPORT OF AUGER MINER CANOPY 

R.\~ 

During normal operations in 30-36" coal, most or all of the miners 
would operate with their heads partially or entirely above the 26 11 

,evel o f the canopy. Based on the accident descriptions contained 
in the 1 966 -197 0 roof fall fa t ality reports, we believe that in most 
cases the operator will h ave some visual or audible warning of an 
impending roof fall, and can duck below canopy level to a chieve 
full protection. Mo reover, as pointed out in Chapter 1 O concerning 
canopy frotection on f a ce equipment, s om e low roof falls might 
push the operator' s head be low canopy level , with the canopy frame 
receiving the full weight of the fall. There will continue to be some 
injuries and perhaps fatalities with this system, but there will be 
serious injuries and fataliti es p re vented as well, 

B. Man-Machine Interaction Probl ems 

The two maJor machine dange rs associated with the auger miners are: 
I) being caught in the auger its elf; and 2) being crushe d or pinned by 
the miner b oom and moving bridge. Fatality data indicates that about 3 
men per y e ar might be killed by auger mining machines during a typical 
year in the early 19 70' s : two c aught in the auger itself, one crushed by 
boom/bridge movement. 

Jacksetting and clean -up shoveling near the face are the activities most 
often associated with being caught in the a uger. Crew members in 24 11 -28 1 1 

coal are severly limited in terms of phys ical mobility and flexibility. 
Quite simply, in this dangerous man-machine s;_tuation. !:he auger crew 
members often have neither time to move nor place to move. 
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Solutions 

Two n,ajor n1a<:hinc hazards ar!' partially elin1inated by the r('con1n1(·n­
dations under roof control whi<.·h : a) elin1inate 1.:l<'an-up as n1uc-h as 
possible at the working face concurrent with mining operations; and 
b) reduce jacksettex time near the front o f the machine. Both of these 
improvernents reduce crew exposure to the auger itself, and will reduce 
fata-dties in this area as well as fatalities due tc roof fali.s . 

We believe the addition of a 4- i /2' :cetractable auger guard on the outside 
of each of the rotat ing augers will, in conjunction with the above recom­
mendations , virtually eliminate the 80% of the fatal accidents caused by 
rotating augers, 

In sump or sweep pos1t1on, the opierator will retract the auger guards 
to allow for normal min~.ng operations. While tramming, withdrawing 
f r om sump, or reposi'.:icnrng, the operator wou1..d extend the auger guards. 

AUGER GUARDS 

The modification woul d require a minimum of equipment redesign. A 
f P-w existing auger miner s are already equipped with an auger guard 
device; however, these guards are primarily useful in shielding the 
small clean - up augers. 
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III. SUMMARY OF RECOMMENDATIONS 

A. Roof Control Problems 

1. Procedural Change 

Eliminate the simultaneous p erformance of clean-up and mining 
operations in the face a r ea . Clarify clean - up requirements in section 
75 . 400 of the Fede r al Register, Volume 35, No . 226 . 

2 . Winch Jack Improvement 

Develop and require the use of an electrically powered drill-winch 
jack which eliminates jack movement during the application of cable 
tension . 

3. Canopy Accessory 

Develop and require the use of an extendible , crew-size canopy attached 
to the mining machine, providing protection for 6- 9 crew positions . 

B . Man-Machine Interaction Problems 

Develop a retractable auger guard to protect crew members from being 
entrapped in augers during tramming, repositioning, and withdrawal. 

IV. POTENTIAL LIVES SAVED AN UALLY 

Potential Lives Saved Annually: 6 

8 

Fa tali ties in auger 
mines: anticipated 
typical year early 
1970's 

b 

Potential 
Lives Saved 
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L Potential Lives Saved by Avoiding Roof Fall Fatalities 

a, Procedural Char,ges 

Elimination of c1.ean- up occurring simu:i.taneously with rrunmg 
operations at the working face will prevent one fatal roof fall 
accident/year. The change in procedu re will have no effect on 
production and w i ll cost nothin g to implement . 

b, Winch Jacks 

Du:.:rng the early 1970's about l man/year will be killed by roof 
falls while settin g winch jacks. The development of a new drill­
winch jack to replace current hand jacks will eliminate this 

fatality by removing the jacksetter from the area during cable 
tension, 

c. Canopies 

During a typical year in the earl y 1970 1 s a total of 5 men/ year will 
be killed by roof falls in auger mines. We estimate that 4 of the 
five fatalities occur within 8-10 feet of either side of the miner, 
between the face and the rear of the machine. An effective canop y 
will eliminate these fatal accidents. Two of the potential four lives 
saved annually by canopy protection have already been II saved 11, in 
effect, by the development of a safer winch jack and the change i n 
clean-up procedure discussed above . In other words, employment 
of a canopy system i n addition to a safer winch system and procedur a l 
changes would have the net effect of saving two lives annually. 

The net effect of clean-up cycl e modi fications, winch system 
impr ovement, and canopy development is shown in this table : 
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POTENTIAL FATALITY REDUCTlON : 
ROOF FALLS 

0 ---------------# 
s 

L,ve..-=, LosT DoE. To 
1<:cc:F FA-1 , ~ , ...i 
A.u~ MttJ.&.S 
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2 Potential Lives Saved by Avoiding Man-MacJ:i-ine Interaction Problems 

During the early 1970 1 s three fatal accidents a year will result from 
m3.n .. machine interaction problems; two from oeing caught in a rotating 
auger and one from boom/bridge crushing. The two auger accidents 
can be eliminated by the development of an effactive auger guard .. 

The net effect of installi ng auger guards is sh;,wn in this table: 

POTENTIAL FATALITY REI:'UCTION: 
MACHINE ACCIDENTS 

FAT~L\TIE.':> 

3 
LIVE~ Lo!>J 'DuE TO 
MA.c.M, t.1£. A CC.l t>l=,J,J1!> 
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V. COST TO IMPLEMENT RECOMMENDATIONS 

1. Roof Support Probl~ms 

a . Procedural Changes 

Changing the clean-up cycle sequence to eliminate simultaneous 
clean-1..p while mining will not s~.gnificantly affect production and 
will have no effect on totai production costs. 

b . Winch Jack 

The estimated cost of the improved winch jack described earlier 
is $1,000 per wi.1ch jack, 

$1 , 000 X 150 estimated no. of active auger sections = 
$ ~50, 000 total co st to industry 

$ 150, 000 + 5-year amortization = 
$ 30, 000 estimated annual investment cost 

$30, 000 + 1 life saved annually+ 360 million tons = • 01 ~ /ton/life saved 

c. Canopies 

The suggested canopy system, while essentially an external II add-on" 
device requiring no significant equipment redesign, still r epresents 
a major capital equipment acquisition, the estimated cost of which 
is $10,000. 

$10, 000 X 150 estimated no. of active auger sections X . 80 auger 
sections in 28-3611 coal = 
$1,200 , 000 total cost to industry 

$1,200, 000 + 10-year amortization = 
$120,000 estimated annual investment cost 

$120, 000 + 2 lives saved annually + 360 million tons = • 02¢ /ton/life saved 

2 . Man-Machine Interaction Problems 

The cost effectiveness of a retractable auger guard is estimated 
below: 
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$7,500 estimated cost per auger guard x 150 estimated no. d' 
active auger sections = 

$1,125,000 total cost to industry 

$1, 125, ooo+ 10- year amortization = 
$112,500 esti.mated annual investment cost 

$112, 500+ 2 lives saved annually +360 million tons ;;:: . 02¢ /ton/life saved 
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CHAPTER 15 

HA ULA GE THROUGH THE BRAT TICE 

I. STATEMENT OF THE PROBLEM 

Ventila hon control in many mines relies upon curtains (brattice) to regulate 
airflow. The brattice curtains often create a safety hazard both at the face, 
where erection of the brattice requires exposure to unsupported roof (see 
Chapter 18), and in the areas between the face and mainline haulage. The 
blind penetration of the brattice in the latter location, especially between 
face and first material haulage change point, is extremely dangerous. The 
safety problems created by brattice maintenance at the face are discussed 
in Chapter 18; this chapter will focus on the hazards arising from the blind 

penetration of the brattice in both mainline and secondary haulage. 

Secondary haulage typically contains a number of pieces of mobile equip­
ment and a large number of mine workers in comparison with mainline 
haulage . There are fewer brattice dangers for mainline haulage , with 
the possible exception of systems that utilize belt transportation for under­
ground workers. We have noted during our underground observations that 
penetration of curtains while riding a belt is a hazard normally associated 
only with low coal operations, but the exposure for this limited number of 
workers is significant. 

Contrary to most mine safety trends, the danger from haulage through the 
brattice is expected to increase in the future as increasing numbers of 
;-nachines and workers function in the mines at ever increasing paces. 

II. ANALYSIS OF THE PROBLEM 

The problem of haulage through the brattice is one of visibility and control 
of large equipment. The mine environment is extremely hostile in many 
ways and travel constraints are quite usual. Since shuttle cars are the 
vehicles most often involved in haulage through brattice curtains, a descrip­
tion of the shuttle car operation underground may be helpful. 
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The operation of shuttle cars is analogous to operating an automobile with 
n~ top or windshield in an absolutely bla-:::kened parking garage. The driver 
must move within a very narrow l ane ( lZ - 14' to make it proportional) over 
a 100 · 400' route that is -::hanged constantly. The lighting is provided by 
two flash:ights and as many as 5 other u.,lighted vehicles -ise the passage­
ways. Pedestrians with flashlights are present, as are other unlighted 
mac~1ines which are parked close to b~.ind turns. The car has 4 broken 
springs and the driver may be required to operate the vehicle from a small, 
unprot~cted platform at one side of the trunk. The floor is wet, slanted, 
and dotted with potholes and bumps . The roof is more irregular than the 
floor and may unexpectedly project downward within a few inches c·f the top 
of the car, which will require that the driver lean outward to avoid the 
obs ·cacl~ whilE. :naintaining control of the vehicle. Unfortunately, the ca:::' s 
gas pedal is jarr...med and the motor runs at a constantly high (relative~ spe ed . 
iv1.ove~nent is controlled by shifting gears to neutra:" low or reverse. and the 
wheels spin on startups. The brakes do not always work , The driver mu.st 
operate his vehicle for approximately 5 hours per day whi:e making 50 t-::i 
100 trips be!-we,::n changing points to load and unload various mater:als 

Into this system, we shall now introduce ventilation controls. Along some 
portions of the pathways, the narrow width is reduced another several feet 
by a continuous length of canvas usually suppor ted by unyielding wooden 
posts . S~veral of 'i:he passageways may be hidden behind this stretch of un ­
marked canvas. The driver is required to penetrate this canvas blindly for 
up to 20' before determining that the hidden pathway is /is not angled, that 
ther e are no roof obstacles or overhanging walls, that no other machines are 
parked behind the curtain, and that the,e are no pedestrians or workers who 
might be facing away from the machine ,.x.,hile in a kneeling position. 

This is a typical situation, especially in lower seam heights, The conditions 
range from much better to much wor se. It woul d appear tha: tractor-hailer 
haulage is even mo:.:e dangerous than powered shuttle cars . 

Penetration of curt:iins while r-iding a conveyor belt to ant er and exit from 
the ~ine is more of an observed hazard than one that appeared in the fatality 
analysis. In the day-to-day operation of a mine, the safety devices are often 
in need of repair and belt riding becomes very dangerous . Often the controls 
for reducing belt speed are inoperative at one end,forcing one crew member 
to take a high speed ride to the con~rol at the Qther end to reduce the speed 
for the remainder of the crew . 
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Solutions 

A . Transparency Index for Curtains 

Materials that permit observation of light through the curtain are available 
and in use . Maximum opacity would be the point where a miner 1 s cap 
light, pointed away from the curtain, could be observed from a reasonable 
distance (25 - 30 1 

) . This would be a measure of light reflected by roof, 
ribs and floor. Often a miner may be kneeling while working on a piece 
of equipment and reflected light is ali that is available. 

B . Use of Machine Lights When Tramming 

As a matter of policy, the shuttle car inby light is often dimmed, inten­
tionally caked with mud, or otherwise modified to avoid blinding the loader 
or continuous mining machine operator . Tramming lights should be bright 
and clean in order to penetrate a transparent curtain. Bounce lighting 
from recessed spot lights directed toward the roof on an angle would be 
both effective in penetrating the usually small separation between the 
curtain and the roof and acceptable to the miners. 

C . Portable Equipment Lights 

Parked equipment is especially dangerous since it is often below the 
field of vision of other driver·s or obscured in some other manner . At 
least two permissible battery powered lights should be used in order to 
define both extremities of a piece of equipment. The lights need not be 
extremely bright to achieve definition since only a warning is necessary. 
They should be easy to transport and attach, perhaps magnetically, to 
metal surfaces, 

D . Equipment Parking 

All equipment should be parked such that it can be seen from both direc­
tions . An example of a case when this was not done is the worker who 
parked one machine behind a curtain, immediately climbed into another 
machine , trammed through the curtain and crushed himself against the 
machine he just parked. Machines should not be left near blind corners 
or curtains. Intersection s also appear to be a dangerous parking spot. 
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E. Curtain Markings 

A number of fatalities have occurred as a result of the lack of definition 
of safe entry points. Machine operators tram themselves into angle<:!. 
ribs, overhangs, and concealed roof trusses or rib posts. Some mines 
actually construct a door to indicate safe worker passage and to provide 
passage definition. If doors are not actually constructed, the outline 
of the passage entry should be clearly marked on the outside of the b:rat­
tice with -reflective tape or other easily visible material. 

F. Machine Projections 

A number of fatalities are the result of an operator tramming himself 
through a curtain and into a boom or other projection. Placing projec­
tions on the floor or against a rib is standard procedure for most mines 
but the exceptions are deadly. 

G. Angled Curtains 

Brattice hung at an angle can mislead a machine operator and cause him 
to collide with a rib or post. Many rib squeezes are the direct r e sult of 
a miscalculation caused by a crooked curtain. This is particularly dan­
gerous when combined with a changing mine configuration behind a curtain. 
If the angle is absolutely nece ssary, a stepped curtain woul d be preferable. 

H Curtain Lifters 

These could be machine or brattice-mounted lifting devices constructed 
of inexpensive materials. The machine-mounted devices would be more 
efficient but much less practical because of machine/machine and 
machine/mine interactions. The machine mounting would have to su:i -
vive boom movements, roof abuse and constant battering from other 
sources. Examples are shown in the illustration s on the two fellowing 

pages. 
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MACHINE MOUNT 

Flexible 
-::urtain 

Cur t a in 

Op er ato:;:r:i", ~s._llii:!!!!11,,,,,._ 

Line - of- sight 

Machine-mounted curtain lifter s could be similar to automobile 
whip antenn ae. Thay must be flexible, yet strong enough to hold 
the brattic e up to enable the operator to see beyond the brattice 
into the next haulageway. 
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" 

B rattice•mountad curtain lifters could be a simple lightweight plastic 
hanger that would lift the curtain above the top of the trammirig machine, 
The lifter could be attached to a truss or curtain or hung by a rope to 
the proper height. 
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I. B e lt Curtain s 

1. Relocate Belt Curtains 

Provide a safety zone on both sides of curtain. This area should 
provide ample reaction time for a worker traveling at 1naximum 
(although illegal) belt speed to be consistent with real.ity . 

2 . Mark Safe Penetration Height 

Curtains can often conceal a supporting truss or lowered roof height . 
All curtains should have reflective markings to indicate both the 
p:.--e sence or absence of danger. 

3 . Brush Roof 

On/off spots should have sufficient roof height to insure the safety 
of workers required to use the belt. This recommendation woul d 
also improve material handling efficiency al these points . 

III. SUMMARY OF RECOMMENDATIONS 

In the long run, the safety problems created by blind penetration of the bratti ce 
can only be solved by the development of new systems which obviate the need 
for c urta ins both at the face and throughout the mine . In the interim, there 
are a numLer of improvements which can be impi.emenLed to increase operator 
visibility while penetrating or working around ventilation curtains . 

An analysis of fatal accidents, combined with underground obser.vations, suggests 
the following recommendations : 

1 . Require a transparency index that will permit the light from a m i ner I s 
cap to be seen from the other side . 

2. Require full use of vehicle lights when tramming through curtains on 
all machines . 

3. Require the use of a portable l ight to mark all equipment down for 
repair. 

4 . Require all equipment to be parked either at least 20' from any blind 
corner of brattice or so that half of the machine 1s exposed and lighted 
on each side of brattice . Keep all machines out of intersections. 

5 . Require reflecting tape or other marking to outline safe pas sage area 
on curtain. 
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6. Require projections on parked machine to be placed on the floor or 
against a rib , This includes booms on :face ::I.rill , roof bolters, under­
cutters and all projections on other e quipment . 

7. Requi re that brattice be hung only at right angles to the direction of 
travel whenever possible . 

8. Design flexible curtain lift':!rs which w ~:mld provide visibility f-:>r 
equipment drivers at the time of equi:i_:>ment penetration, 

9. Belt curtains 

a. Relocate curtains over belts used for 1nantrips to m.odify p:..·oximity 
of hazards. 

b. Mark belt curtains for safe penetration heights. 

c . Investiga'.:e the f~a.sibility of semi-automatic lifters for hazardous 
belt curtains, 

d. Brus;1 roof for on/off point clearance .. 

IV. POTENTIAL LIVES SAVED ANNUALLY 

A. Potential Lives Saved: 4 

FOTENTIAL FATALITY REDUCTION: 
EQUIPMENT ACCIDENTS 

Anticipated Fatalities 
Typical Year 
Early 1970' s 

• 

Potential 
Lives Saved 

2. 3 3 

t 

71 

Unaffected by 
Improvements 
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Many of the 74 fatal face haulage and equipment tramming a ,cidents 
(1966- 1970) could have been avoided if visibility had not been obscured 
by a brattice . At least 4 of the 7 5 total equipment accidents in 1970 
alone were the direct result of obstructed vision. A number of other 
fatal accidents might have been mitigated through a comb ination of the 
recommendations proposed in this chapter. 

V. COST TO IMPLEMENT RECOMMENDATIONS 

These recommendations entail relatively inexpensive modifications, many 
of which are standard procedure in better managed mines. Taken individually, 
the cost of the recommended procedures and equipment is negligible. Taken 
collectively and combined with the cos t of enforcement, there might be a 
modest increase in the cost of coal. It would appear that the residual benefits 
of improvements in visibility and safety would increase productivity and offset 
the incremental labor and material expense, but this is a subjective judgement. 
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CHAPTER '16 

PERFORMANCE OF MISCELLANEOUS HAND OPERATIONS 

I. STATEMENT OF THE PROBLEM 

In the period 1966-1970 there were 77 fataUties resulting from roof falls that 
occurred while the victim was performing hand operations: hand loading, 
clean-up, removing falls and roof scaling. Fourteen of these :fatalities took 
place in 197 0 alone ., 

IL A NALYSIS OF THE PROBLEM 

A . Hand Loading and Clean- Up 

Hand loading and clean-up operations are similar except for the time and 
location of the task performance. Hand loading is the clean-up of loose 
coal from the floor of the working area when the loader, continuous miner, 
or hand buggy is in the face area, whereas clean-up refers to the removal 
of loose coal when there is no mining machinery in the area. 

Hand loading fatalities from roof falls have steadily decreased since 1966. 
The greatest reduction has occurred in the "unsupported unnecessarily" 
category used to describe a miner who is working under unsupported roof 
when he does not need to be there. 

Forty-three percent of the hand loading fatalities by roof falls were 
experienced by someone other than the person assigned the hand loading 
job as a primary task. This function is performed by all working area 
personnel and all levels of supervision, indicating a lack of advance 
planning of hand loading task assignments. 

Clean-up fatalities from roof falls, while reasonably stable since 1968, 
have increased in the "unsupported unnecessarily" category, This may 
be a result of the gr eater emphasis by the USBM on enforcing the rock 
dust-coal dust ratio, and the over-compliance by the coal operators 
in the prompt removal of loose coal from floors - - often uncle!' 
unsupported roof. Many of these fatalities could have been prevented 
by less zeaious attention to clean-up. 
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The 1969 law is very specific on :.:ock dusting, allowable p <- J.·centage of 
float dust, and vzntilation requirements; however, the law is quite vague 
with regard to requirements for the clean-up of combustible materials. 
(75-400 of the Federal Register, Volume 35 , Number 226.) 75. 4 00-1 
states that 11 •• • loose coal, and other combustible material s shall be 
cleaned up and not permitted to accumulate ln active workings , . .. 1 1 and, 
75 . 400 - 2 states " .. • A program for regular cliean-up and removal of 
accumulations of coal and float coal dusts~ loose coal., and other 
combu·stible s shall be established and maintained. 11 

75 . 400- 1 and 75 . 400-2 do not state that the clean-up task need not be per­
formed if an area is unsafe to enter as is spec~fically stated in 75. 402 on 
rock dusting. The implication for safe clean - up is weak because the 
safety clause follows two paragraphs later. Therefore , it is recommended 
that a "safe 1 1 clause be added to 75. 400-2 similar to 75. 402 and that an 
interpretive letter be sent to each coal operato1· -co explain that loose coal 
can remain on the working area floor until it can be safely cleaned - up 
under permanently supported roof. Further, it is recommended that 
the letter stipulate that loose coal cannot remain any longer than is 
necessary for safety (beyond the r~ext loading or mining cycle at each face). 

B. Removing Falls 

Fatalities from roof falls which occur while removing earlier falls is a 
very difficult safety problem. Miners will be exposed to the danger of 
additional roof falls during the period they are removing falls , whether 
the removal is performed manually or mechanically. The only way to 
reduce thi s hazard is to reduce the cause of the roof falls or to develop 
a means whereby the miners can position themselves under safe roof 
and remove the fall mechanically. 

1. Rovf falls of supported roo f are caused by poor lithology or changes 
in lithology. An observed cause of weakened roof common to most 
mines is the roof bolter re - setting one or more jacks or posts before 
drilling a hole and inserting a roof bolt . This flexes the roof by re­
moval and re-application of support and contributes to a weaker roof. 
Re-setting temporary supports is unnecessary i. f the supports are 
located with greater precision i nitially in accordance with the approved 
roof control plan . If the roof control plans submitted for app r oval 
properly take into account equipment mobiHty nee ds to arrive at a 
workable temporary support gr-id , no foyther adjustments to the 
temporary supports should be required , 
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2. Operators need to be shown that roof falls a re expensiv,:, as well as 
danger ous. The Bur e au should provide funds to : 

a . F inance a pilot study on the cost effectiveness of :::- oof fall pr evention 
vs. roof fall s. 

b, Publish the findings of tha t study. 

3 . A study should be conducted , par allel to the roof fall pr e vention study, 
to determine the economic feas ibility of a machine to remove f a lls 
such that the machine operat or can remain under supported r oof. F unds 
should be provided by the Burea u to f inanc e this s tudy. 

C . Roof Scaling 

Most of the face crew and the foremen scale at one time or another . 
Present roof scaling tech niques are ve r y hazardous . The m iner gen­
erally places h i m self under unsupported roof, nearly under the r ock 
being scaled, o r both. Eighteen m iner s were killed scalin g roofs from 
1966 -1970; only three of these we re standing under supported roof. In 
11 cases the r oof did not fall back to the las t support line. Thus , these 
11 woul d probably not have become fata litie s i f they had been able to 
scale the roo f from a po sitio n close to the l ast line of p ermanent support. 

Mos t of the miner s killed by roof fall s wh i le scaling roofs become victims 
because they feel they cannot concurr ently scale a nd remain under sup­
ported roof. 'To solve this pro bl em we r ecommend the development of a 
hydraulic roof scaling device that could be mounted on a continuous miner, 
a roo f bolt er, o r a loader an d ope r ated fro m un der permanently supported 
roof, 

It is ri-1os ·t logical to place t his device on a r o of bolter in a continuous -type 
mine and on a loader in a conv entional- type mine . The continuous miner 
c an pick up the roc k s cal ed by the roof bolter at the beginning of the next 
continuous miner c ycle . Furthermor e , since the normal adv ance i n one 
cut is 2 0 feet, the roof bolt er would be able to attack bad top near the face 
by first bolting to within 10 feet of it. He could then safely stand under 
permanent support t o scale the roof. 

In convenUonal mining, scaling should b e pe rformed by the l oad e r , because 
any scaling debris b r ought down after the loade r leaves a room would 
pre sent a tramming obstacle to either the fac e d riller or the undercuttex·, 
T he length of the scaling tool handl e would provide a safe l ength for the 
loader operator bee a use conventional sect i ons , gener ally, u nder cut onl y 
6-8' at a time v 
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T he hyd r aul i c roof s caling device would requir e a 10-12' :1.andle of a 
lightweight tub u lar m aterial . The s caling e n d of the device would incorpor -
ate a hydraulica lly operated, worm gear expander that would generate 
the requi red fo rc e to open the jaws and scale the roof. The hydraulic 
fluid could be s u pplied via tubing in t h e h andle. (See Chapter 20 , Areas 
of New R esearch, for fur ther d iscus s ion of roof scaling equipment 
r e quirements. ) 

When thi s d evice is employed , the miner would: 1) remove the tool fa om 
its storag e loc ation on a continuous m iner, loader, or roof bolter (a 
tele scoping handle would be needed for s torage purposes), 2) position 
himself under permanent support n e arest the roof area to be scaled, 
3) forc e the s caling end of the tool into t h e a r ea of the r oof to be scaled ., 
and 4) ac t iv a t e the scaling mechan i s m. 

In a d dition to p reventing fatalities, the scal ing device would also reduce 
worke r fat igue. Our cons ultant s hav e observed workers exerting enough 
physical force t o b e n d a l II steel scaling bar. 

The devel o pment of a scaling tool of thi s nature would be the resp-:,nsibility 
of equipment manufac turers. Development would be facilitated, however, 
by a USBM grant fo r further study and development. This tool could be 
m a d e a requirement in appropr iate mine s b a s ed upon performance tests 
following devel o pment. 

III. SUMMARY O F RECOMMENDATIO NS 

A. Hand Loa d i ng 

T he requi rem ent fo r the cle a n-up o f combustible materials (75. 400 of the 
F ede r al R e gis t er , Volume 35, Number 226) should be clarified to exclude 
a ll m i n e areas wher e the r oof is not permanent1.y supported. 

B . Removing Falls 

1. We rec ommend that roofs be se cured according to the approved tempo­
rary su p port plan as soon as po ssible after mining, and according to 
the p e r m anent support plan as soon thereafter as possible. In any case, 
t he roof s h ould continually b e supported to avoid roof flexing. 

2. R esearch funds should be provided to study the causes of supported roof 
falls, determine ways of preventing them, and ex amine the economics 
of such prev ention. 

3. We r ecornrnend the performance o f a f e asibil ity study on the design of 
machine s to r emove f alls remotely and safely. 
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C Roof Scaling 

A scaling tool to enable the miner to scale from under supported roof should 
be developed. 

I V . POTE NTIAL LIVE S SAVED AN NUALLY 

Potential L ives Saved Annually: __ ~ 

POT ENTIAL FATALITY REDUCTION : 
MISCE LLANEOUS HAND OPERATIONS 

13 

A nticipated Fatalities 
Typical Y ea r 
Ear l y ~ 970' s 

8 

Potential 
L i ves Saved 

'5 
Unaffe c ted b y 
Improvements 

Based on 1966-1970 fa t ality data , we estimate 13 fatal accidents will 
occux annually while performing hand operations : 7 hand loading and 
clean-up accide nts , 2 fall-removal accidents , and 4 roof scaling accidents . 
We !:! stimate that 5 hand loading and clean ~up accidents can b e pr e vented 
by proc edural changes in the clean-up cycle, while 3 scaling accidents can 
be pr e vented by an improved scaling device . 

V . COST T O I M PLEMENT RECOMMEND ATIO NS 

1. h and Loading and Clean -Up 

If the helper can hand load coal l eft from the preceding cycle at that 
face , he will remain under supported roof during the entire hand load­
ing operation for each cycle . In othe r words, the coal spilled by 
machines loading or continuous mining will remain on the floor untii 
the loader or mine r again returns to that face . T h e re is no loss or 
gain in productiv ity, and no additional labor or cost r equir e d to chan ge 
the sequen c e of the hand lo a din g ac tivity. 
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The clean-up operation is presently perforn1ed in the worL.ng area 
under un s upported or temporarily supported roof. There is no loss 
or gain in productivity, no additional labor required, and no cost 
involved in making sure that the roof is supported first so that the 
clean-up task will only be performed under supported roof. 

z. Removing Falls 

a. There is no additional cost as signed to prompt roof securing for 
mines that follow the approved roof control plans closely . There is 
a benefit to be gained from precise placement of tempo rary supports -­
the ::i:oof bolting cycle can be shortened because the temporary 
supports do not need to be removed and relocated prior to drilling . 
For example: 

Remove and relocate 3 jack8 unnecessarily/6-bolt cycle takes 1. 5 0 min. 

12 roof b-~lt cycles/shift x 1. 50 min/roof bolt cycle = . 31 hrs/shift 

. 31 hrs/shift x 250 days/year@ $4. 50/hr. = $ 348. 00/year/shift 

b. The estimated c ost o f a cost effectiveness study on roof fall preven tior, 
vs , r oof £all removal is $50,000. 

c . The estimated cost of a requirements and feasibility study for 
a roof fall removal machine is $IO, 000. 

3 . Roaf Sc a ling 

An extendible scaling tool with hydraulically actuated, worm gear 
driven jaws would offer the miner a tool which would loosen and remove 
loose pieces of roof without expending physical energy . The exten­
dible handle would allow the miner tc stand under supported roof as h~ 
mechanically scaled the loose roof. 

The estimated cost for the scaling tool is $250 

$2 , 50 x 3,600 ac tive sections = $900,000 

$ 900,000 
= $180,000 estimated annual investment cost 

5-yea r amortization 

$180,000 estimated annual investment cost 

3 lives saved annually x 360,000,000 tons 
::: . 02 ¢ /ton/life saved 
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CHAPTER 17 

SURVEYING ACTIVITIES 

I. STATEMENT OF THE PROBLEM 

Surveying activities are most often conducted under unsupported roof after a 
fresh cut. In addition to setting spads, whi ch is done by the company survey 
team, there are several other types of surveying done by the section crew. 
These are: 

A. Measure the depth of the entry to determine where to tri m for a crosscut. 

B. Measure the entry width at the face to assure that the width is correct. 

C. Establish a center line on the roof of the entry to assure that the entry is 
straight. 

During the early 1970 1 s, we expect one miner to be killed each year while sur­
veying or performing survey-related activities - - moving to, or coming from 
a survey task, discussing the survey, etc . 

II. ANALYSIS OF THE PROBLEM 

Two men are needed to measure the depth of the entry: one man holds one end 
of the tape measure at the last spad, and the second man holds the other end 
at the £ace. If the roof has been supported, the man at the face is often one to 
three feet past the last line of permanent support. If the roof has not been 
supported, the man at the face is very vulnerable to a roof fall . 

The face width is usually measured at the face rather than under the last line 
of permanent support . There is no need to go beyond the last line of support 
when the roof bolts are within three feet of the face . If the roof has not been 
supported for the last ten to twenty feet, however, then accuracy dictates 
hazardous exposure to unsupported roof. 

The center line is established by attaching a chalk line to the last spad and 
sighting along the extended chalk line for two spads. When the three points 
are aligned, the foreman snaps the chalk line, with a resultant white line on 
the roof. The foreman exposes himself unnecessarily if he marks the line 
before the roof has been supported. 
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The solution consists of making two changes in the present procedure - - when 
the tasks are performed and who performs them. 

Assignment of the depth of entry and width of entry measurement tasks to the 
roof bolter operator will force the 11when11 to occur after the roof has been 
properly supported. The roof bolter operator will use a retractable steel tape 
with a spike on the end for imbedding into 1·ock 01· coal. Th.i.& will pertnit one 
man to make all measurements . He will record measurements onto the right 
rib with a permissible aerosol white paint or dye, indicating the cumulative 
number of feet from the last spad. This will enable the undercutter operator 
and the continuous miner operator· to know exactly when to make a crosscut. 
For exampl e , the continuous miner operator may see a 11 50 11 at the last line 
of permanent support as he trams toward the face to begin his mining cycle. 
Since he knows that a break must occur at sixty feet, he needs to judge only 10 
feet from that point. 

This simple procedural change and task reassignment has the additional 
advantage of eliminating the comm.on error of over-cutting, thereby :::reating 
more uniform pillars and greater conformity to the approved mine plan. 

The measurement of the centerline should remain the responsibility of the fore ­
man. As in the case above , it is the 11when 11 of task pe1·formance which is t::> 
be modified . The foreman should only make his measurement after the roof 
has been supported - after the roof bolter operator has made the entry width 
and depth measurements . 

III. SUMMARY OF RECOMMENDATIONS 

A. Measure and mark the entry width, depth and centerline only after the 
roof has been supported and only under that portion of the roof that is 
supported. 

B. Assign the entry width and depth measurement and marking to the roof 
bolter operator as a regular task to be performed at the end of each roof 
bolting cycle. 

C. Keep the centerline marking a task of the foreman, with the requirement 
that he remain under supported roof at all times while performing the task. 
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IV. POTENTIAL LIVES SAVED ANNUALLY 

Potential Lives Saved: 1 

POTENTIAL FATALITY REDUCTION 

l 

Anticipated Fatalities 
Typical Year 
Early 1970' s 

I 

Potential 
Lives Saved 

We believe that the changes in surveying procedure outlined above will sav e 
the life of the one miner each yzar who is expected to be killed sur veying .. 

V. COST T O IMPLEMENT RECOMMENDATIONS 

1. Measure depth of entr y 

Present method - 2 men 1~ n minutes 
Proposed method l man x 2n minutes or less 

2. Measure entry v . .1 idth at face 

Present method - 2 men x n minutes 
Prcposed method l man x 2n minutes or less 

3 . Establish center line - no change in time 

Thus, the suggested changes require no increase in elapsed work cycle time 
and therefore can be implemented at no a.dditional cost to the mine. 
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CHAPTER 18 

BRATTXCE 1v1A!.NTENANCE 

L STATEMENT OF THE PROBLEM 

One of the most exposed positions in continuous mmrng is that of the miner 
helper. He is responsible for ventilation control, which requires that he 
extend the brattice periodically to keep it within 10 feet of the fac e as the 
miner prog::-:esses. After the initial penet:i·ation, the brattice extension takes 
place in newly cut and unsupported roof which 0ft2n nece?sitates the setting of 
a prop or roof Jack to support the brattice. This exposur e to rmsupported 
roof is complicated by a preference for a position forward of the boom, usually 
in front of the operator, in order to avoid being crushed by the boom in the 
event of a control malfunction or operator misjudgement. This position, 
}1owever, is extremel y hazardous since it 1) places the helper nearer un ­
supported roof areas and 2) does not provide any room to escape in case of 
an accident. 

It is estimated that the need for penetration into unsupported roof areas for 
brattice erection will result in at least 4 lives lost each year during the 
early 1970 1 s. As continuous mining tonnage increases as a percentage of 
the total national underground tonnage, this nwnber will increase propor­
tionally. 

II . ANALYSIS OF THE PROBLEM 

Although they share scme joint <:!xposures, the ,;::ontinuous miner o;:erator's 
and helper 1 s duties are extremely varied and preclude a simple analysis of 
their exposure. Observations indicate that the operator assists the helper in 
the performance of his duties more than the helper assists the 0·9erator. 
During development work, the operator captains the team and is in almost 
constant productive motion -- cutting and loading coal, helping with props, 
brattice , testing, scaling and a dozen other duties. While the helper works 
constantly during the period devoted t.o support functions, he is r~iegated to 
the position of an observer during most of the mining and loading operations . 
The helper's duties are to protect the power and water lines which serve 
the equipment and to move the brattice_ Brattice movements normally re ­
quire two men and are usually performed during the necessary delay between 

shuttle cars. 
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The helper's position during th~ mining and loading operations is normally 
to the rear of the operator b~t out 0f reach of the boom. From this position 
he c an tend the service cables , observe work progress, and assist in evalu­
ati ng roof conditions. The helper, however, in this position is also exposed 
to dangers from the ribs, posts , roof, and machine - - particul arly the boom _. 
as a result of constant equipment adjustments. 

The functions performed by the helper are important but not all need to be 
executed manually. Most of the duties, such as roof support or the move ­
ment of supplies, must be performed by someone , so we are not suggesting 
that the position can be eliminated by the removal of only two duties. Face 
brattice adjustments and equipment cable handling, however , can be performe6. 
mechanically which would free the helper for productive labor in other func­
tional areas . This chapter will only consider the problem of face brattice 
adjustment . The cable tendi ng function was discussed in Chapter 13 . 

There are a number of logical approaches to the brattice problem. Elirnination 
of the r equirement for a b r attice kept within 10 feet of the face would be a 
partial solution for non-gassy mines. Minimum airflow and dust requirements 
would allow greater latitude in mines not subject to methane liberation. This 
may be only a partial solution, because a number of mines ignore the p resent 
brattice requirements between inspections and are therefore not subjec ting 
operators and helpers to thi s exposure. A typical comment in the industry 
is, " when the inspector come s up the hill , the brattice goes up to the £ace". 

A second possible solution is to substitute tube-type ventilation equipmen~ now 
used in some mines to h ~lp control air movement, for the brattice. Unfortu­
nately th e tubing diameter required fo r high vol ume air movement restricts 
the applicability of this system in many mines with low seam heights . 

The most practical approach to the problem seems tc be in accepting b rattice 
as the standard ventilation method, and attempting to redesign brattice main­
tenance. The simplest method of connecting the last brattice in a perm anently 
suppo rted area to the continuous miner is to have a "~urtain rod" type tensioned 
cable. This will allow the brattice, supported by sliding rings, to adjust itself 
to the opening required. The brattice w ould be adjustable on the cable and 
could be positioned to keep both ribs visible. Although visibility would be a 
problem, one possible alt ernative, assuming one end of the brattice is com•· 
nected to the continuous miner, would be a visibility 11 window11 near the machine 
This window could be a simple cut-out in the brattice to provide rib and fa~€. 
visibility . 
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Uneven roof and the expected sag in the supporting cable would permit some 
air to escape between the roof and the top of the brattice. 1 he closer prox­
imity of the brattice to the face, however, might compensate for this loss . 
ThB miner mount would have to be both adjustablz and flexible to provide 
maximum height, but adjusbnentf, could be made in permanently suppo-ted 

areas. 

An c.i.lternative would be a self .. winding brattice reel which wouid release 
brattice as n eeded from an area ur1der permanent support. This "window 
shade 11 solution would be slightly more compiicated and probably more 
expensive both in original cost and in effici ency. In this concept, a number 
of sp:cing .... loaded brattice rolls would be required to adjust for height . A 
typical 5 1 roof height would :require a 4' roll and several l' and 111 rolls to 
adjust to roof variations. In contrast, the 11 curtain rod 11 concept would adjust 
at the equipment and excess mate:cia~. would fold at the last brattice support 
and on the floor. 

Z. , SELF-WINDING BRATTICE REEL 
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Whatever system is eventually chosen, we believe that for most non-gassy 
mines the inherent danger of subjecting the miners involved in hanging new 
brattice to unsupported roof far outweighs the ventilation dangers generated 
by allowing brattice maintenance to lag face activity by more than 10 feet - -
even 20-30 feet . A practical course of action for the USBM might , therefore, 
involve 3 steps: 1) as an immediate interim measure, amend the 11 within 
10 feet of the face 11 regulation to specify that brattice maintenance may be 
allowed to lag face activity by more than 10 feet in bad or suspicious roof 
areas; 2) finance or subsidize a feasibility R &: D study by manufacturers 
for a machine-mounted, cable-supported brattice system and any other po ­
tentially useful system for maintaining the brattice without exposing workers 
to unsupported roof; 3) require the use of a remote brattice system in most 
continuous mines . 

III. SUMMARY OF RECOMMENDATIONS 

A. As an interim measure, amend the law to allow brattice maintenance to 
lag face activity by more than 10 feet in areas of bad or suspicious roof. 

B. Finance a feasibility R &: D study of the machine-mounted, cable­
supported brattice system to obviate the need for hanging brattice under 
unsupported roof. 

C . Require the use of a remote brattice system in continuous mines and 
return to the 11 10 ft . rule" in the Federal Register. 

The ren1ote brattice system is now being used in a few mines. It consists 
of a cable support fastened to the roof with quick connecting rings to attach 
the brattice. The rings can be moved along the cable in the manner of a 
shower curtain. To extend this system from the last permanent support 
would require a strong take-up reel and a support on the miner itself. 
The br attice might then be positioned directly in back of the cutting drum 
and provide even better ventilation control. 
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IV. POTENTIAL LIVES SAVED ANNUALLY 

Potential Lives Saved : 3 

POTENTIAL FA TALI TY REDUCTION 

4 3 

I 
. . . . 

Anticipated Fatalities 
Typical Y ea1 , 

Potential 
T ives Sav~d 

Unaffected by 
Improvements 

Early 1970 1 s 

Based on 1966-1970 fatality data, we estimate that approximately 4 men 
will be killed annually while setting brattice und e r unsupported roof. We 
estimate that 3 of th se can be saved by industry - wide use of a remote 
brattice system. , 

V. COST TO IMPLEMENT RECOMMENDATIONS 

Cabl,e Suppo rted Brattice System 

• Estimated cost of equipping one section with cable 
supported brattice = $1, 500-2, 000 

• Estimated cost of cable, roof bolt mounted cable take -up, 
brattice, and continuous miner mount = $500 

• Total industry cost = $1,200, 000 
• Annual industry cost= $1, 200, 000 T 5-yeai amortization= $240,000 
• Estimated c ost p ... r life saved = 

$240, 000+3 lives saved+-360 million tons = , 02{ /ton/life saved 

Combined with a device to assist the machine operator in handling power 
cables in the face area, this arr a,1gement would have the potential of 
e liminating the presence of a helper while driving entries, although 
his ass istan ce would still be needed for t1·amm in g an d other functions, 
In a ny case , the miner helpe r 1 s productivity woulrl be imp roved, 
making the real cost per life saved probably significantly les·s than 
. 02¢ /ton/life saved . 
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2 . Feasibility Study 

• Estimated lives saved annually - unknown 
• Estimated total industry cost= $40 , 000 

3 . Change 10' R e gul ation i n Fede r al Register 

• l:!.:stimated lives saved annually - unknown 
• Estimated industry cost - 0 
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CHAPTER 19 

HUMAN BEHAVIORAL PROBLEMS: 
LOW JOB TASK EXPERIENCE, LACK OF TRAINING AND CERTIFICATION, 

LACK OF QUALITY SUPERVISION 

I. DISCUSSION OF THE PROBLEM 

In the broadest sense, nearly every fatal accident can be related, either 
directly or indirectly, to some form of human error . The Fatality Report 
Analysis presented in Section II shows a high correlation between inexper­
ience, especially job task inexperience, and high fatality rates. Actually, 
these figures provide onl y a rough estimate of the significance of personal 
error as an accident source since the data does not exclude those inexperienced 
men killed regardless of their experienc e level. Also the data does not and 
cannot classify related human error factors - - fatigue , attitude, anxiety , 
lack of attention, faulty knowledge, etco 

One can reduce human error by either changing the individual or changing 
his environment. The individual's environment is composed of both social 
and physical factors . Most of the fatality reduction problem areas dis -
cussed in this study are concerned with improving the physical environment 
to reduce the likelihood of serious or fatal injuries, e.g., postponing clean­
up until the roof is supported, designing better cages or canopies, designing 
temporary truss support systems, matching undercutting and loading equip­
ment, etc . However, to ignore the social environment of the workers, i.e . , 
-the influence of other workers, the supervision, etc . o.r to ignore the char­
acteristics of the worker, his task experience, his training or his skill level 
etc. would be a serious oversight in a survey of underground coal mining 
safety. 

The I.E . study approach was not designed to investigate in detail such 
problems as supervision, absenteeism, job turnover, worker attitudinal 
problems, etc. Nevertheless , in our observations in over 50 mines, and 
in our conversations with mine managers and workers, these problems 
were observed or discussed over and over again. Moreover, our staff 
was convinced that many of these human behavioral problems deserve as 
much or more attention than the physical problems if dramatic safety 
improvements are to be achieved in the mining industry. 

251 



Tl1e probl en1 areas discussed will be: 

A . Aspects of Low Job Task E xperience Probl ems 

B .. Lack of Training and C e rtification 

C . Shortage of Quality Supervision 

A . Aspects of Low Job Task Experience Problems 

Chapter 4 in Section Il,covering the fatality report analysis, discussed 
the apparent effects of low job t ask experience, whi~h occurs in a 
disproportionately h igh number of fatal accidents. Without repeating 
the analysis mad e in that chapter, this discussion will cover some 
additionai aspects of the proble m as obs e r v e d dur ing th8 field study. 
The top i cs a r e: 

1. High J ob Tur nouer , especially for new workers in smaller 
mines. 

2 . Absenteeism 

3. Job Posting and Job Mobility 

4 . Crew Inexperience on Swing and "Graveyard" Shifts 

l. High Job Turnover 

Considering that the average age of underground bituminous coal 
miners is close to 50 years of age and that older workers are 
perhaps less likely to exhibit as high job turnover ,. the turnover 
figures for the industry may understate the real turnover of 
younger, new coal mining workers , The new data base established 
by the Bureau on the worke1 pnewnoconios1s tests may indicate 
in the future the job mobility of the industry. In our interviews 
with coal operators, figures as high as 60 % per year were some­
times quoted fo1- the turnover of new employees, especially in 
m e dium and small mines . 

One description of this problem often heard is that there is a labor 
shc..rtage of mat ure, hard-working, ambitious workers who are 
willing or desire to become skilled miners . This may be true, 
but another description of the same problem may be more appro­
priate, as formulated by P. B . Doe ringer, a labor economist . He 
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studied the reasons for the large number of unemployed men and 

the paradoxical shortage of labor and high worker turnover in 
unskilled jobs in Boston. ("Ghetto Labor Markets", Monthl,· 
Labor Review, March 1969.) He found that unskilled workers 
would take unskilled jobs for. a while but would quit if they per­
ceived the job as onero..1s or as a dead-end job with little hope 
of advancement. 

Doe ringer's findings are very similar to a study in Montana by 
R. E. Gorman, et al, ("A Cllidance Project to Investigate Char ­
acteristics, Background, and Job Experiences of Successful and 
Unsuccessful Entry Workers in Three Select ed Industries 11

, 

September 30, 1966, Unive1·sity of Montana, H. E.W. Office of 
Education, Bureau of Research, Division of Adult and Vocational 
Education, Office of Education Grant OEG4 - 6-062147-1932). 
Reasons for high turnover of entry (new) workers were investigated 
in three industries -- mining, construction, and logging. This 
study found that the workers were "poorly oriented to their job 
assignments by management, ineptly instructed in the performance 
of their assignments, outraged by the needlessly dangerous 
working conditions .•• dumbfounded by c..ryptic directions from 
their supervisors... They were all pained by the realization that 
their hard, hot, sweaty jobs yielded them only slightly more in 
wages than jobs of those who can qualify for assistance in 'War 
on Poverty' programs. 11 We believe the Gorman study is very 
descriptive of many coal mining job situations. 

Britain and Germany are experiencing similar problems in at­
tracting and keeping good workers in coal mining. Germany 
especially has a severe coal mining worker shortage and imports 
large numbers of foreign workers from Italy, Spain, and Turkey. 
The National Coal Board in Britain has been conducting a nati onal 
advertising campaign including television commercials to recruit 
workers , especially young workers. The commercials we observed 
stressed thorough training, safety, and opportunities for promotion 
and education. One commercial stressed that the men could continue 
and finish their schooling while earning good pay (similar to 
U.S. military recruiting programs with high school "dropouts") . 

Both Britain and Germany require training and certification before 
being as signed underground, and many educational programs are 
offered to the miners to upgrade their skills. During our brief visit 
this last summer in Britain, we met several men who had become 
mining engineers after entering mining at the lowest skill level» 
who had taken training courses and programs continuously, and who had 
become engineers or managers while maintaining their employment. 
The German coal officials were also very proud of their educational 
programs and stressed them as very important to the future com­
petitiveness of their coal industry. 

253 



We have observed that some progressive American companies 
have safety prograrris and some training programs designed for 
shot firer or fo:reman state certification, but we have not ob­
served any extensive educational opportunity programs of the 
typG described to us in Britain or Germany. 

To some extent> the bad image of a job in American underground 
coal mining may be exaggerated. Many companies have excellent 
safety records, and the compensation and fringe benefits compar':.! 
well to many other jobs. Moreover, to the extent that the image 
of the job is unrealistically exaggerated, a concerted public rela­
tions e ffoi-t by the ind us i:ry will help attract better labor and may 
reduce job '.:urnover. However, to the extent that mining worker 
jobs a.re and continue to be monotonous, dangerous, and dead-end 
jobs , the image of coal mining work is not likely to improve . 

2. Absenteeism 

Accurate industry figures do not exist on absentee rates. How­
ever, all operators interviewed cited abs enteeism as a major 
safety and production problem. Based upon the individual exper­
iences and estimates of the consultants performing this study, 
an annual absentee rate of 7 -15% for the coal industry see1ns 
1·easonable. This compares to a 1-4% average rate often used 
to repr.8sent industrial absenteeisrr nationwide. 

Absenteeism leads to II sh-: rt-crew11 sections, wii:h crew members 
forced into unfamiliar ope:rations and tasks. In short - crew situa ­
tions, section foremen often request that one or more crew 
members from the p revious shift "double-back" ; i.e . , work a 
second consecutive shift. Fatigue is the natural :r.esult of a 16 -
hour pe r iod of hard physical activity, and fatigue and accidents 
are highly correlated in any industrial activity 

Absenteeism is also a serious problem in many collieries in Britain 
and Germany.. German officials indicated that high absenteeism is 
associated with a higher incidence of accidents, despite concerted 
efforts to be sure that no job is performed unless the worker is 
certified for the job. If this is true in Germany, .one would expect 
absenteeism to have an even greater effect on safety in American 
mines where :ittle, if any, job certification exists and job substi­
tution is practiced with little concern for worker qualifications. 
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3. Job Posting and Job Substitution 

Roof control is the most crucial operation in n1ost mines in terms 
of crew safety . The roof bolter is in the best position to 11 k now" 
roof (·onditions and make on-the-spot adjustments to handle changing 
c.ircnmstances. "Tailings~' drill speed, bit condition, bit penetra­
tion, and various sounds are good indicators of actual conditions . 
Yet, paradoxically_. roof bolting :frequently ends up as the res pon­
sibility of the mos t inexperienced man on the crew , Experienced 
men exercise seniority by bidding away from roof bolting because 
it is dangerous, difficult, uncomfortable (dust and noise), and pays 
less than other crew positions such as loader and undercutter 
operator . 

The inexperienced roof bolter not on l y is performing one of the most 
dangerous jobs in the mine, he may be creating hazardous conditions 
for t h e entire section crew: overspacing bolts or bolting too far from 
face/ribs; overlooking or incorrectly bolting ke ttlebottoms; leaving loose 
bolts; over/ under- torqui ng bolts; or creating bottlenecks in section work 
cycles, l eading to out-of-cycle hazards such as the undercutler moving 
ahead o.f the bolter. The situation in which one of the least experienced 
men operates the bolter has been observed during this study as the 
rule rather than the exception. 

A better roof bolting machine co uld eliminate much of the negative 
aspects of the roof bolter's job, but without such a machine other 
measures must be considered. Elimination of posting or modi ­
fications to posting regulations, such as minimum experience at 
one job before bidding to another, might slow down the roof bolter 
job turnover . But more incentives to make the roof bolting job more 
attractive is perhaps the best way to lessen roof bolter turnover . 
Wage scales could be revis ed to reflect the responsibility and 
experience requirements of roof bolting . The roof bolter should, 
in our opinion, receive th e top wage rate along with the loader 
operator, while the w·1dercutter oper~tor pay scale should be 

comparable to the present roof bolter scale. 

Even if the roof bolter job turnover cannot be eliminated, b etter 
se lection and training of new roof bolter operators would substan­
tially improve many section operations r elative to both safety 
and production. Roof bolting is typically a bottleneck production 
operation . The roof bolter example cited may suggest that 
as equipment and mining jobs change over the years, the compen­
sation ratios for jobs no longer reflect their relative importance 
to productivity, their relative hazardous exposure , or their desira­
bility as perceived by the workers. A detailed study of fatalit y 
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and injury rates per job classification would l:>e helpful to botl1 
union and management in negotiating rates to compensate for 
relativE: degrees of hazard. Similarly, a comprehensive hun1an 
factors study of worker skills ideally required on various jobs 
would assist in the worker selection process, the design of 
training programs, the design of jobs themselves, and th~ assign. 
ment cf relative wage levels oi" compensation tc jobs to attampt to 
keep tha most experienced and skilled workers on the most 
~riticai jobs . 

Job posting, the practice of filling jobs on the basis of senio.ri-::y 
and notifying workers of job vacancies via 11 postin g 1

' lists of 
a.vailable jobs, greatly increases the effects of job turnover in 
a mine. Filling a few job vacancies can set off a chain of job 
vacancies, very much like a game of musical chairs. 

Unions in the U.S . have historically fought for seniority righrs. 
with mining unions being no exception. As already discussed, 
the present lack of training and certification practices in many 
mines, combined with posting practices, apparently increases the 
probability of accidents. In interviews with German union safety 
officials, a preference was expressed for the existing training, 
certification, and close supervision programs for new workers, and for 
more worker educational opportunities rather than for seniority 
prov1s1ons . These officials also predicted from their experieni:e 
that posting practices without adequate guaranteed training for the 
worker would prove to be; a dci.ngerol.ls pra ::tice in 'U. S, mining cp-· 
erations. Since training is e1~p::!nsiv ·2 , the cost of :more training > 
compounded by existing FOstlng proc ::::h.ir-e3 ; may in fact delay an 
easy resolution of the probi.em 

Besides job posting practices ., othe:i: fo:r:ms of mine job mobility 
and job substitution practices cr ~ate situations where men with 
little or no experience attempt ·to operate equipment or perform 
unfruniliar job tasks. Some mrne crews attempt to work through 
the lunch hour by rotating and substituting crew members , Many 
equipment operators will attempt to repair their own machine. 
Repairmen W'.lll attempt to operate a strange piece of equipment. 
Foremen wi:l often fill in as equip;,nent operators. All these 
hazardou::: situations would be mitigated by decreased job turnove.t 
by training for and certification of minimum skill levels, and by 
restricting workers to performing only those jobs for which they 
are qualified, 
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4. Swing and 11 Graveyard11 Crew Inexperience. Expe r ienced miners 
often exercise thei r seniority to bid onto the d ay shift and away 
from swing and midnight shift p ositions. This results in a dis­
proportionate number of new and relatively inexperienced miners 
w orking these shift s . T he absentee and turnover problems dis -
c\ls sed above are compounded for t hese shifts, especially midnight, 
w ith a c orrespondi n g inc rease in the fatality r a te . For the SO-mine 
sample utilized in th is s tudy, normalized figures show that 19. 8% of 
non-roof fall fatalities occurred between 8 AM and 4 PM; 22. 2% 
occurred between 4 PM a nd 12 AM; and 58 . 0% occurred between 
12 AM and 8 AM. If thes e estimates are true for the industry, the 
term " graveyard shift" ha s real meaning in the mining industry . 

Posting elimin ation will reduce the disproportionate numb er of 
new men on s wing a nd midnight s hifts and decrease abs enteei sm 
and turnover r ates c aused by the non-desirability of swing and 
midnight shift h ours, particularly for younge r men. 

If the eliminat ion of posting proves impos sible, operators c ould 
employ rotating s hifts (a few mine s use this s ystem now) to avoid 
the prospect of an indefini te period on an Wldesir a ble shift and, 
thus, avoid the accumulation of experienced, h igh-s e niority miners 
o n one shift. 

B. L ack of Training and Certification 

Training programs in the industry v ary widely, ranging from the compre­
h e n s ive operations, health and safety training programs at lar ge captive 
mines t o the complete a bsenc e of any training other than sect ion on-the­
job-t raining (OJT ) at small, independent mines. Section OJT its elf can 
be dange rous. As mentioned earlie r, the first l to 3 weeks of a JOb are 
extremely hazardous when compared to the remainder of the wor ker I s 
career at a parti cular t ask. This danger becomes even greater when 
the trainee is working in a highly r esponsible crew-dependent position 
such as roof bolting or shuttle car operation. For this reason, the 
initiation of a required, s hort orientation course covering major safety 
precautions in at least a rudimentary way i n order to get the young miner 
through the fir st hazardous weeks could have significant impact upon 
fatalities . 
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Two things chara cterize mine safety training in the ind ustry t oday : 1) ex­
t reme variability , ranging from well - constructed , thorough programs i n 
some l a rger c a ptive companies t o non-existence i n othe r companies ; 2) 
the large number of min es in which t raining is virtu ally non-existe nt, 
p robably a s much as half the total m ine population. 

M a n y operators view s afety trai ning as a n expensive luxury, detracting 
from vital pro duction time . In sellin g the value of training to thes e 
i ndividu als, i t is worth noting that good s a fe t y pra c t ic e and good ope r ­
a t ing practice are indistinguishable - - good safet y ::raining is good 
operati ons training. If s a fet y training is viewed l argel y as training in 
e fficient m e thods, procedure s and practic es , then the v a lue of such 
t raining to production a s well as safety becomes cle arer. 

T o sift through the v ariety of e xi sting programs and deter mine a g roup 
of effec t i ve approaches, we r e c ommend that t h e USBM: 1) thorough l y s tudy 
a nd evaluate all fo r ms of training p resently being offered to m iners - -
from pre s hift five -minu te safety t alks to Bureau spons ored class es and 
fo r eman c ertification s ; 2) c ompile a l ib rary of a ll t rain ing t ools now 
being u sed and inc orporat e the bes t a long wi th new ideas into an effective 
program; 3) evaluate ways to make training programs workabl e for both 
small and l a r ge operators. 

Some of the possible a pproaches for accomplishing t h ese ob j e ctives a re 
outlined below. W e r ecogn ize that a number of the se m ay duplica te or 
closely parallel existing USBM prog rams, but we feel they s h ould b e 
included here to p resent a more comp lete list: 

1. In tervie w a ll- c oal operato r s sponsoring thei r own t rai n ing cla ss es a nd 
proc edures . Compile a composite lis t of t r ainin g p r o grams and ideas 
fo r othe r operators to use in developing the i r o wn program s . (For 
example, one mine has tra i n e e s wea r diffe r ent color ed c aps for a 
given p eriod o f time to identify t h em a s t r a inee s so all m iners c an 
help them.) 

2. Conside r c ertifica tion of miners for all jobs, or at least the mos t 
hazardou s j obs ; eva luate wa y s to mak e this economically fe a sible 
and decide who should s pon sor t h e certific ation. C e r t ific ation would 
contribute to a reduction in t h e d isastrous fat ality rat e during the 
first 1 to 3 weeks o f new t ask experience . 

3. Con sider a t raining program offered by the USBM a s a service to those 
opera t o r s a nd mine rs wh o cannot afford t o sponsor thei r o wn . Pe r h a ps 
opera tors could form training cooperative s . 
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4. Explore the possibility of US BM -funded sub sidies to z,1are the 
cost of training plans whic h are submitted by coal operators for 
approval by the USBM (as roof plans , venti l ation plans, e tc. a r e 
now submitted for ap proval) . 

C . Shortage of Q uality Supe rvision 

Almost every operator intervie wed during this study cited the ins uf­
ficient numbe rs of high quality ope ratin g supervisors, and the 1·~sultant 
l os s of sup ervisory effe ctiveness at the working face, as one of the 
major problems confront ing the industry today in t erms of both safety 
and production. A r ecent study of the c o al industry a l so documented 
this problem. The term "quality" supervision rai ses some important 
question s, i ndependent o f the shortage i s sue . One aspect of the qualit y 
i ssue is the claim that the best men e i ther refuse to become foremen 
or leave their foreman jobs fo r other jobs . 

In our interviews with mine foremen and mine rs, the following fa c tors 
were listed in order of priority as the most dissatisfying and unattractive 
parts of the foreman job: 

1. The prosp ect of l ong, irregular hour s - - often a 50-60 hour work 
w e ek. 

2. The lack of a fringe package competitive with the union - · hospital­
ization, disability, reti r ement. 

3. A general hesitanc y t o leave the s ecurity of the union. 

4. Modest p a y (c on side ring the numbe r o f hours worked), of~en on 
a straight salary basis with no overtime. 

The order of priority of the fac tors listed above is important. Long 
and irregular working hours were by far the most frequently cited 
deterrents to a ttractin g quality foremen in our interviews . Since ou::.· 
interviews were not designed to scientifically explore the foreman 
shortage problem, the above r esnlt s need to be verified and thoroughly 
investigated. 

Assuming our observations are correct, there are many alternatives 
available to improving the attractiven ~ss of the foreman job: 
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1. Obtain shorter h ours by studying the foreman t asks and re ­
designing the job to tran sfe r m uch of paperwork and une ssential 
st d i es to cle r i cal or other support personnel. 

2. More fr i nge benefits - - b,.gger vac ations, insurance, r etirement, 
etc. -- at le ast to match the un i on fringe benefits. 

3. Higher pay. 

4. Obtain shorte r hour s via 3-Foreman Plan. 

AU of th e above are self- expla natory except the 3"-Foreman Plan. In 
this plan three r otating foremen would be assigned to two shifts as 
shown: 

THREE-FOREMAN PLAN 

Mon Tues Wed Thurs Fri Sat 

DAY SHIFT . # 1 ·->-r- #3 
..... 

~ \_ #2 -
SWING SHIFT 

#3 - --- #2 Alternate - - - > , 
I 

The basic a ddition to the present system is the utilization of an extra 
foreman (For eman #3); that is, each two - shift working section has 
three foremen rather than two. Foremen #1 and #2 work conventional 
four - day schedules, with their work week falling in the 38-48 hou:: 
range ins tead of the 50-60 hour r ange . Foreman #3 wo rk s a split 
week a ccording t o the followin g sch~dule: Monday -- supervise swing 
shift; T ue s day - - assistant forema,1./ gen eral trouble shooter on swing 
shift; Friday -- supervise day shi ft; Saturday - - supervise mainten­
ance/clean-up. An a lte rnate schedule would be for Foreman #2 to 
work Wednesday through Saturday, resulting in the availability of two 
fo r emen for Saturday maintenance and tro uble-shootin g ope rat ions; 
Foreman #3 would fun ction as s ection boss on both Monday and Tue sday 
under thi s l atter schedule. 
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The advantages of the system are clear : 1) a regular work week; 
2) a shorter work week in terms of total manhour s; and 3) l ess 
fatigue and increased mental a l ertness while supervising. 

The problem with the propo s ed solution is also appa:rent: the cost 
of an extra foreman per section. The overhead cost of the extra 
foreman in a typi cal m i ne is estimated at s· to 6t p e r ton. This cost, 
howe ver, does not take int0 conside ration the increase in productivity 
nor the decrease in fatalities which would most likely result from an 
increase in the perce ntage of high~quality foremen. 

As the cost factor is likely to deter wide acceptance of the program 
initially by the industry, an experimental program is needed to de­
termine the impact of the program on both safety and production. 
The objective of the program would be to determine: 1) the signifi ­
cance of improvements in a c cident and fatality rat es; and 2) the 
economic feasibility of the innovation . Increased productivity must 
be sufficient to offset or significantly reduce costs to the point at 
which the p l an is acceptabl e to a s ubstantial n umber of medium-to­
high production mines in the industry. 

Perhaps the investigation of manpower shortage will help in resolving 
the " quality" issue in supervision . The fatality reports, our field 
observations , and other studies clearly indicate that too many fore­
men are not safety conscious supervisors. In many cases the y 
actively encourage unsafe practices or give instructions to perform 
unsafe practices . Fol' exarriple, as discussed in Chapter 5, the 
majority of fatal roof fall accidents involved unsafe deviations f:i.om 
roof control plans or other safety regulations; the foreman was 
usually aware of the deviation and had apparently given tacit approval 
to the unsafe procedures. 

Certainly, high production is a mark of " good" superv1s1on from a 
manager's point of view. What about safety and "good" supervision? 
Are safe procedures and high production procedures congruent in 
the continuous m ining and conventional mining technologies? Our 
simple answer is yes -- safety and high productivity procedures are 
more complementary than is generally recognized in the industry. 
A number of companies in the industry h2-.ve already demonstrated 
this, es19e cially those companies with good training programs . 

261 



A particularly discouraging part of the poor s afety a ttitudes of fo r emen 
is the e ffect on the workers. Since almost all mining jc.J training is 
on-the-job training, the first line supervision now provides the vital 
training and informal training certification (' 1I think you can do this") 
function. Since no physical constraints prevent miners from going 
out unde r uns upported roof unneces s arily, or from using many other 
unsa fe proceclures, the first liDe supervisor is really in the best 
position to insist on worker compliance with safe procedures. 

T h e foreman i s regarded almost unan imously by American mine man­
agemen t as a key link to safety and high production. A corrunon theory 
i n U.S. mining is that the tougher the supervision the better the results. 
An interesting view on supervision has been developed by Trist and 
others, ( Organization Choice , Tavistock Publication s, L ondon 1963) 
who found that British coal mining jobs could not be effective l y super­
vised by traditional factory standards. The study tea m ac t ually exper­
imented and demonstrate d i n several British collieries that miners who 
were trained to be interchangeable on all face jobs and who worked in 
crews orga nized to have a high degree of group cooperation and group 
a utonomy worked more productively with fewer accidents than traditionally 
organized a nd supervised sections. 

An interdisciplinary study of American mining practices similar to the 
famous s tudi e s conducted by Trist and others in British coal m ining 
might destroy a number of commonly held beliefs about the idea l roles 
of s upervision relative to the unique problems of mining. Technical 
mining experts worked in teams with industrial engineers and ps ycholo­
gists to study low productivity mines. The theory behind the approach 
is that jobs should be design ed relative to both t echnical and social (or 
psychological) aspects. Technical and social f actors a r e considered 
together rather than as separate issues. The approach achieved some 
dramatic turnaround results in tho s e collierie s studied. The research 
results cannot be directly transferred to the United States because the 
techn ology was very different, but the study approach has great merit. 

II. SUMMARY OF RECOMMENDATIONS 

Problem Area 11 A 11 
- Aspe cts of Low Job Task Experience Problems 

High Job Turnover, especially new workers 
Absenteeism 
Job Posting and Job Mobility 
Swing and 11G raveyard11 Shift C rew Inexperience 

I. The Bur eau should conduct more research on the relationship of 
t h e above factors and task experience to accident occurence , 
especially on non-fatal injury accidents (see chapt er 4). 
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2. M anagement and the unions should either eliminat e job posting, 
o r allow the practice only for men trained and certified for 
minimum perform ance proficiency on the new job. The fatal 
accident report data strongly suggests that any policy that en­
courages job mobility without prior training for the job is a 
dangerous policy. 

3. We recommend that job mobility patterns be studied among 
various mining jobs, relative to the importance of the job, 
the skill level required, the relative hazard, the worker p r e­
ference for the job, and the compensation for the job. We 
believe that the compensation system and the job design of 
certain critical jobs, i . e., roof bolter, encourages needless 
job turnover. The high job turnover results in l ow task ex­
perience and a disproportionately high number of accidents. 

4 .. Management and the unions should carefully consider rotating 
shift schedules to prevent a ccumulation of a ll the expe rienced 
miners on permanent d a y shift. 

5. We recommend a comprehensive study be made of the causes 
of job turnover and absenteeism in the industry with special 
emphasis on new worker probl ems . A 10-year comprehensive 
geographic forecast of needed and avai, able labor in the coal 
industry would h elp companies , unions and the Bureau plan 
for the future. Determining how much of the new worker prob­
lems are 11 image 11 p roblems would h elp the indus try decide 
whether better public relations would help. Identifying with 
documented evidence the major job 11 dissati sfiers 11 will help 
both managemen t and labor eliminate some of the most criti­
cal job dissatisfactions. 

Problem Area 11B 11 
- Lack of Training and Certification 

I. Compile a 11 library11 of current training techDiques in the 
industry. 

2. Conside r "certification" of minimum proficiency as a :requirem.ent 
for all working positions, or at least key jobs. 

3. Develop a USBM subsidy program to assist training, especially 
for small - to-medium-size mines. Perhaps subsidized c-::>operative 
traini,.g centers could be set up by the operators. 
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Problem Area 11 C 11 
- Shortage of Quality Supervision 

1. The Bureau should fund or encourage research into the so-called 
foreman shortage problem in the ind ustry. Is there a shortage? 
Why is there a shortage? Are long hours and fringe benefit s more 
than wagea the major deterrent to a ttracting and keeping good 
foremen? Would the Three-Foreman Plan help? 

2 . B ureau research on experimental foreman training 3.nd certification 
programs will provide valuable guidelines t o the industry and to 
the various states who have fo r em an certification programs. The 
accident data , our observations , plus interviews with mine m anage­
ment, union o fficials , and the miners themselves indicate serious 
supervision problems in the indus t ry which seriously and adversely 
afiect safety in the mines. 

3. Blireau research, partic ularly interdisciplinary research that 
includes industrial behavioral expertise on job design in coal 
mining, may provide n e:w job designs that are inherently safer, 
more productive and perhaps less dependent on s upervision 
qua lity for safety or performance. 
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CHAPTER 20 

AREAS OF NEW RESEARCH 

This chapte::- describes technical, procedural, and management problems as -
sociated with underground coal mine production which Theodore Barry and 
Associates feels could benefit substantially from additional study and research. 
These suggested areas of new research differ f rom the recommendations 
presented in Chapters 7 through 1 9 in that: 1) we are uncertain as to the ideal 
or optimal solution to the problem - - hence the call for new research; or 2) we 
do not feel sufficient data exists to make a useful judgement concerning the im­
pact of the project upon fatali t y reduction; or 3) we do not k now if all aspects of 
the problem have b een identified and defined accurately - - hence, the need to 
study and weigh the subject in greater depth. 

In collecting, reviewing, and evaluating these areas for potential research, we 
hav~ assigned priorities base d upon the collective j udgement of the TB & A 
consultants who have conducted this study. The priority system used here is as 
follows: 

• Top Priority - A research breakthrough could have a 
significant impact on fatality reduction; or, a s i gnificant 
c ontribution could be made for a minimum expenditure of 
t ime a n d res ear ch funds . 

• Second Priority - This research is less significant in 
terms of potential payoff (lives saved) but still can 
cont rib ute to fatality reduction; or, the research benefit .;; 
are still some distance (time distance, money distance, 
etc.) 11downstream11

• 

• Low P r iority- These projects should be considered if 
additional funds are availabl e. 

The areas of new research are grouped under three major headings: 

I Technical/Engineering R esearch: Mining Equipment 
II Technical/Engineering Rese arch: Personal Clothing and Equipment 

III Management/ Adminis trat ive/Organiz ational Resear ch 

We recognize that some of the following proposals are being investigated or 
may have been investigated by the U.S. Bureau of M ines or organizations 
under c ontract to the Bureau. However, a review of external and internal 
resear ch programs was not considered to be within the scope _of this contract. 
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I. TECHNICAL/ENGINEERING RESEARCH: MINING EQUIPMENT 

A. Roof Measurement, Testing. and Scaling 

1. M e asurement 

The P roblem: Miners carry posts for use as supports into presently 
unsupported areas to see if the posts are the correct size. If. as a 
consequence of sloppy measurement. the posts do not fit properly, a 
variety of methods, including excess blocking and other unsafe, pro­
cedures. may be e mployed. 

Research Recomm.endation: Develop a measuring device that would 
permit both remote measurement as well as accurate and efficient 
transfer of measurements to post without entering un supported area 
or lifting post. Some possible devices might be: a lightweight "yard­
stick" or measuring jack, or a light-projection device to triangulate 
roof height. 

Research Priority: Second 

2. Testing 

The Problem: Roof testing is almost a mystic art among miners. New 
miners quickly learn to tell the obvious sound difference between a 

11 drwnmy11 roof and a solid roof. It is the interpretation of the various 
gradations of sound in between which s eems to require year s of experi­
enc e and about which there i s still n ot unanimous agreement. Roof testing 
is a "gut feeling11 kind of operation, and -- as a result -- is uneven, 
unpredictable, and chancy in its outcome. 

Research Recormnendation: A need exists for a seismic, sonic, inf ra­
red or other more reliable and consistent roof-testing device to 
replace the procedure of striking the roof with a hard object. Such a 
device, however, may still be years away from practical use. 

A les s exotic solution would be an accelerometer or vibration-measuring 
device attached to a standardized roof testing hammer. Experienced 
miners could 11 scale11 the measuring device by making numerous roof 
tests under varying conditions and explainin g their interpretations of 
roof sounds. These qualitative judgements could be matched with equi­
valent readings from the measuring device. After hundreds of such tests, 
a range or scale could be worked out which effectively quantifies the 
experienced miners' judgement on the devic~. 

Resea rch Priority: Second 
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3. Scaling 

The Problem: Roof scaling is performed using a variety of instruments 
including short handled ham:mers and pick axes. Regular scaling bars 
are both too heavy and too short. 

Research Reconunendation: Discourage use of hammers or other short 
handled prying devices. Develop a more efficient bar which combines 
greater length with a strong tubular handle for weight minimization. 

A more complex, but more effective device would be a "power scaler''· 
The tool could be lightweight with a telescoping handle for good reach. 
The tip of the device would be inserted in the desired roof crack, and 
hydraulic pressure would expand the tip or probes to force the rock 
down. The tool could be powered by the conventional miner, loader, or 
roof bolter. 

Research Priority: Top 

B . Roof Bolting 

4. Temporary Support Jacks 

The Problem: All hydraulic jacks tend to leak down and release support 
over a relatively short period. This often results in a large section of 
r o of remaining unsupported for a long period of time (e.g., from the end 
of swing shift until the beginning of the day shift), allowing roof strata to 
flex, separate and weaken. 

Research Recommendation: Develop a jack assembly with a high com­
pression spring which matches the pressure required to tighten the jack. 
Pressure could then be maintained by the spring - - probably even over­
night. 

A residual benefit would be the movement of the jacking arm to a hori­
zontal position if leaking down; lack of support and the need for jack 
repair then could be determined by visual observation. 
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The disadvantages cf a similar :.nechanism to p r e vent or indicate jack 
l eakage would be g rea t er weight, additional cost, more maint enan ce, 
and possible physical handling problems if som ething like the external 
spring system is used. Still, unless the jack is se rvin g its purpose 
providing support -- there is no reason to u s e it in the fi rs t plac e , 

Research Priority: Top 
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5 . Sxt endible Drill 

The P roblem: Current roof bolting equipment u sually exposes the oper­
ator to unsecured roof du r ing the following elements of the r oof drilling 
cycle. 

Expos ure - Minute s 

• 15 

.25 

• 25 

• 50 to 3 . 00 

D escript ion 

Ins e r t drill a n d bit into chuck on boom • 

Remove drill, a d d extensions , and re- insert 
drill into roof hol e • 
R emove drill, remove extensions and bit. 

D r illing time • 

For roof with adequate height , only one operation is require d t o ins ert 
and tighten the roof bolt aft er the h ole is dri lled, and this can b e accom­
plished by a simple turret bo l t storage . The real probl em comes with 
long bolts and low roof. .As many as 3 to 5 hit extensions m ay be required 
to drill unde r these c onditions . It i s rel a t ively e a sy for th e human h and 
to accomplish these c han ge s b ut duplicati on via remote c on t rol is v e ry 
expensive. Again, breakthrough technology is needed. In the absence 
of such technology, a hydraulicall y retractable and extendible drill boom 
and seat would allow both hand changes of bit extensions and seating of 
the roof bolter nnder s upported. roof. 

Research R eccmmendation: There i s a need to develop an extendible 
d r ill boom a nd seat to eliminate the hazardous exposure o f the roof 
bo"l.ting operator. One possible configuration is shown in the diagram 
on the next page. 

269 



e - Last Line of Roof Bolts 

O - Temporary Supports 

• 8. • 
A. 

0 • 0 -
81!, 

Present Method 

Operator must be at either A or B 
to perform the drill insertion and 
removal tasks. He has been observed 
at B more often than A because he 
has more space to work. 

Research Priority: Top 

6. Kettlebottom Bolting 

• 
0 

r, 
I I 
I I 

0 

Recommendation 

Operator C is able to work safely 
under supported roof. The hydraulic 
extendible drill permits operator to 
change bits and s eat bolt in drill 
under supported roof. 

Lack of widespread understanding among foremen and workme n regarding 
the mechanics of kettlebottom bolting creates a significant hazard. At 
least three different philosophies of kettlebottom bolting exist and are 
in use: 
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THEORY A 
SIDE VIEW 

OF 
ROOF 

Theory A - Although old petrified trees, called k ettlebottoms, extend up into the 
roof in a perpendicular direction, they tend to s :1ear loose in a cone-shaped form, 
as illustrated. Running a slant bolt creates the risk of bolting parallel to the shear 
(s~e " w rong way"). The bolt should be set vertically, off-center, as shown, to pin the 
cone - shear to the stable kettle bottom. 

THEORY B 
SIDE VIEW 

OF 
ROOF 

Theory B - Kettlebottoms shear loose perpendicularly, so vertical bolts are useless. 
Bolts must be slanted. 

THEORY C 

, ' .J 
R IGHT WAY- • • ~ WRONG WAY 

SIDE VIEW 
OF 

ROOF 

J"heory C - You can't tell how a kettlebottom will shear; any bolt runs the risk of 
failing to hit solid roof; bolt must be used as wedge between kettlebot tom and roof 
to compress and tighten entire kettle bottom area. 
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The variety of explanations from experienced section foremen regar ding 
kettlebottom bolting s uggests wide s p read ignorance about this hazard. 
One, two, o r all of the above expla nati ons m ay be dangerously wrong. 
In some seams in West Virginia it is not uncommon to find and bolt one 
or two kettle bottoms per working face per cycle - - making faulty- bolted 
ke ttlebottoms as potentially hazardous as working under uns upporte d 
roof. 

Research Recommendation: T he proble m calls for research into the 
geological characteristic s of kettlebot toms and the mechanics of kettle­
bottom bolting. The results of such research may show that kettlebott oms 
require particular kind s of expansion bolts. 

Resea rch Priority: Second 

7. Flexible Headers 

The Problem: Present wood headers greater than seven feet long require 
two men to lift and hold during the roof bolting operation. Steel headers , 
used in some deep shaft mines, require 5 or more men or must be ma ­
chine lifted. This manp ower requirement in lifting and holding heade1· s 
generates a significant amount of total exposure t une to unsupported roof 
(2 . 50 minutes ) x (2 or more men). 

R igid headers are often necessitated by roof conditions; however, where 
the purpo se of the header is merely to anchor unpredictable roof (draw 
rock, e tc. ) flexible headers may serve just as well. 

Research Recommendation: Design and fabricate a flexible header 
consisting of steel b earing plates attached to steel cables. 

STEEL CABLE 

STEEL PLATE 

The advantages of a flexible header would be : 

a. One man can handle the flexible h eader. Sect ions 
of the header can hang to the floo r while the aper -
ator is securing one end; hazardou s exposure is 
therefore reduced by 50%. 
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b Lightweight. One man can carry seve ral header s 
at one time. 

c . Can absorb r oof deformation with small loss in 
effectiveness. 

Research Priority: Low 

C. Dust Control 

8. Self-Dumping Dust - Collector 

The Problem: The present method of dust box maintenance i s to open 
the side door of the dust collector box and manually scrape the rock 
dust out onto the floor. The cleaning i s done between the roof drilling 
and bolting cycles and requires from one to two minute s. The ope rato r 
is under exposed roof at least 50% of this time. 

Cleaning once a cycle is n ot always sufficient and often re s ults in a 
plugged or full dust collector system during the r oof d rilling a nd bolting 
cycle at a face. Two alte r natives then face the o pe r ator -- stop and 
clean out the dust c ollector b ox, drill and bit , or continue at a reduced 
drill feed speed and generate dus t. 

Resea rch Recommendation: Develop a dust collector b ox which will 
automatically dump its contents of rock dust when the vacuum is re­
moved f rom the sys t em. 

A sliding tray attached to the bottom of a fixed dust collector box can 
be pis tor. -actuated by the vacuum system. The tray would normally be 
closed tc create a closed vacuum system. When the roof bolter boom 
is lowered, it t rips a vacuum switch, which activates the pi s ton, open­
ing the sliding tray and dwnpi ng the rock du st. 

Collector 
Box 

1 1 J 
OPEN 

Research Pri ority: Top 
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D. Miscellaneous 

9. Battery Shuttle Recharging 

The Problem: Shuttle car cables are inherently unsafe due to the neces -
sity of frequent and sometimes dangerous repairs, particularly in wet 
mines. Damaged cables preclude movement of the car, which can be 
both a work obstacle and an equipment collision danger. Energized cars 
also present a hazard to repair men, In addition, cables impose routing 
limitations on both the shuttle cars and other section equipment .. 

Battery cars are presently limited in endurance and present charging 
problems. Many battery powered cars are "duplicated'' so that one 
car is available while the alternate car is charging. 

Research Recommendation: Investigate the feasibility of a permissible 
quick charge station at the tailpiece which would supply the conveyor 
power while recharging the batteries used for the tramming and loading 
movements of the conveyor. This would allow usa of present shuttle car 
designs and remove the endurance obstacle for battery-powered cars 
(or tractors). 

A permissible 11 p robe" with appropriate sheathing wculd be necessary 
to provide a permissible quick charge station. The car would have ap­
proximately 30 seconds to receive its "boost11 while dumping to the belt, 
tailpiece or mainline haul. Since the power for the conveyor could be 
directly supplied at that point, only the propulsion motor requirements 
would be charging. The minor exception to this requirement is the power 
needed to advance the conveyor to adjust the distribution of coal while 
loading. 

The probe would have to be a flexible snorkel with well shielded contacts 
on the male connection . If placed on the car , the probe shouid be re­
tractable automatically to avoid a dangerous protuberance. It should 
also be automatically de-energized when retracted. If placed at the dump 
point, the probe must be sheathed except during actual penetratio ... "l of the 
car. 

This idea is apparently beyond the state -of-the -art and will require 
an advance in battery design technology. 
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A . CAR M OUNT 

B. C H A R GE S T A T ION MOUN':":" 

Res e a rch Priority: Se cond 

2 75 



II. TECHNICAL/ENGrnEERING RESEARCH: PERSONAL CLOTHING & EQUIPMENT 

A . Personal Lighting 

The Problem: The light cord presently :.ised by miners creates dange 1.·s and 
inconveniences for the wearer. The attadunent to the miner's belt is stror-.g 
enough to drag the miner into machinery - - and has in several fatal instances . 
The cord can also become entangled in ma.chines, supp:::>rts and roof. 

Research Recommendation: Develop a permissible, quick-disconnect a t 
both the cap and battery ends of the light cord. With this arrangement 
the light could be made an integral part of the helmet. The quick dis connec:; 
on the battery pack would provide protection against the danger of b~ing 
pulled into machinery by the cord since the cap would normally by pulled 
off first. The battery pack would incorporate a small safety light to be 
actuated by forceful removal of the cord. The cord would also be :.."edi.:.cect 
in size and weight allowing i t to be worn under clothing and connected 
through a small hole at the beltline. It would only be exposed between 
collar and cap and would not be lik ely to catch on nea:tby p r ojeci::ic·ns . 

Some major advantages of this new system wou~d be: 

L Lighter cap ; more maneuverability. 
2 . Room for permissible dry cell long- life battery/ emergency light on ca.p 

for emergency use (1 to 2 hour s). 
3 . Greater working flexibility! 
4. More convenient battery maintenance. 
5. Greater safety. 

The disadvantages are : 

1. Greater exposure to wear factors and connectors - - could become 
non -permissible. 

2. Pas sible inconvenience ::>n routing of cord. Workers may still leave cord 
outside of clothing - -- danger here .. 

3. Greater initial expense since companies must now buy caps. 
4. Education required to induce acceptance. 
5. Company must assume inspection duty and prevent tampering; musr: 

maintain caps and provide clothing grommets . 

Other temporary improvements on existing helmet lights should be considered. 

L Cord strength should be decreased, especiaily where fastened to battery 
pack. An occasional failure at this point wculd probably be less danger­
ous than the present arrangement. 
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2 . Lighter batteries would be helpful to productivity and .; afety 
particularly if they could be worn at a location closer to the 
helmet (shoulder holster?). 

3. Optimal solution is a cordless cap but this may take a breakthrough 
in battery technology. 

Research Priority: Top 

B . Re~pirators 

The Probl em: T}1e present respirat or is effective if used. It is seldom 
used, however, l::ecaus e: 

1. The weight of the unit requi res that the elastic strap be snug , Th:i.s 
tight strap cuts into the face and also pulls on the respirator which 
cuts into the face. 

2. The strap must be worn a round the back of the head just above the ears. 
The strap posit ion tend s to pull the mask~ rather than back and re­
leases the tight seal around the lower lip. 

3. The mask must be removed from the face to talk or chew tobacc o. 

4. The mask makes breathing difficult during strenuous activity such as 
c rawling or rapid walking" 

Research Recommendation: Design a lightweight respirator which covers 
the no se only, permitting talking and chewing. The nose resp irator might 
be combined with safety glasses as a single unit, insuring the use of both. 

The advantages of a nose respirator would be that it: 

1. Can be worn while talking anJ chewing tobacco. 

2. Is lightweigh t and therefore n1ore comfortable to wear. 

3 . Allows breathing to be accomplished through the mouth without respirator 
restriction during periods of heavy physical exertion. 

Research Priority: Top 
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C. Equipment Interrelationship and Integration 

The Problem: When considered individually, personal equipmen!: aids such 
as the self-rescuer, dust sampler, anemome ter, methane detector safety 
larrip, and noise sound instrument are adequate in solving the various safety 
problems they address. Little thought, however, seems to have been given 
to how this equipment fits together, how it can be transported, how it affects 
the personal movement and comfort of men, or how it interacts with other 
equipment. As a consequence, miners often go without certain pieces of 
required equipment in order to improve comfort and mobility (and there -
fore safety), Self-resce.ers, for example, are often left in their original 
shipping box somewhere near the intersection of section and mainline haulage , 
which might be a half mile from the working face. 

Research Recommendatio n: We recommend that a study of the miner and 
his personal equipment and clothing be made at the work place in var­
ious mining conditions to determine essential equipment and how 
individual equipment i t ems should interrelate. W e further recommend a 
USBM/ equipment manufacturers' joint developmental effort to te st the 
feasibil ity and practicality of new types of clothing and equipment. 

Research Priority: T op 

III. MANAGEMENT/ ADMINISTRATIVE/ORGANIZATIONAL RESEARCH 

A. USBM Internal Technical Consulting Group 

.The Problem: The majo rity of small and medium sized mines do not have 
the resources to empl oy a staff of experts in the various specialty areas 
of coal mining ( ventilation, roof control, electricity, etc.). Therefore, 
these mines often find it difficult to cope with unusual technical p roblems, 
even though the problems may contribute to hazardous conditions. 
Although USBM research centers are often prepared to help the small 
operator solve these problems, many of these sma.11 operators say they 
are h3sitant to contact the local USBM for fear of receiving a violation 
notice from local USBM officials. Thus, many hazardous situations go 
uncorrected when they might be easily remedied. 

At least at the local sub-district level, the Bur eau lacks a systematic 
means of coping with n on-n egligent mine hazards stemming from unknown 
or unclea:r causes. At t he present time non-negligent haza:rds are often 
dealt with in the same manner as negligent and willful hazards; i . e . , they 
are viewed as an II offense" rather than as a research problem. 
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Research Recommendation: An organizationa ... / administ · .:1ti ve system 
which recognizes the e s sential difference between negli gent and non ­
negligent hazards needs to be developed . This system would have the 
capacity to help the small operato r solve problems arising from non­
negligent hazards. 

AN ALTERNATIVE TO PRESENT SYSTEM 

Dete rmine M eet ing 
Research with 1No I Yes~ I 

Requirement Operator j1 

y Negligent? I-
, 

Initiate Action for Bureau Support / J Sub-District Man ager / 

Report 
Local Bureau Special Bureau 
Assistance Assistance I Local Inspec tor I 

Evaluate 

' 
Bureau Funding and Hazardous 
Staffing of Project Occurrence 

Problem Solution 
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Some comments on the proposed system shown above: lj A process 
similar to this often takes place on an ad hoc basis but often only afte r 
the problem has become desperate or critical. In such cases , the op­
erator 11jumps 11 the Bure au chain-of-command and calls Washington or 
Pittsburgh. 2) As a result, local Bureau manager.a tend to see requests 
for help as a reflection on their competence; this encourages "police" 
rather than " problem solving" behavior on their part. 3) A regular ad­
ministrative system for handling non- n egligent hazards would operate 
through the local Bureau appa1·atus, giving the sub-dist rict manage r 
viable procedures for handling hazard problems. 4) S uch a system 
implies changes in organizational relat ionships, changes in role pe r­
ception, changes in planning, programming and research expenditur es , 
etc . which would r equire in-depth study before implementat i on. 

We believe the Bureau should conduct a s t udy of organizational , admin ­
istrative, and informational requirements involved in developing clo s er 
Bureau/ operator cooperation. The study wou ld: 1) determine the feasibil ity 
of the above system; 2) determine the attitudes and opinions of princ i p a l 
parties involved in such a change; 3) estimat e the inc r eas e d cost of the 
system; and, 4) develop a detailed operating plan fo r i m plementing the 
system. 

One outcome of such a study could conceivably be an i n ternal USBM con­
sulting group which would be available t o the ope r a t or upon request. 
Nume r ous operators have c ommented that th ey c ould u s e such a group. 
The se :i:-vice of the consultin g teams could be confid ential in order to 
encourage operators to discuss their probl ems without fear of p unitive 
action. These consulting groups could also provide the additional 
service of reviewing operators' administrative (an d other) records and 
offering constructive criticism. They could also make t ours of the mine 
(on the operator's request) and point out various problem areas the 
operator may have overlooked; the results of these tours would be 
strictly confidential. 

Researc:h Prio rity: Top 

B. Mine Classification System 

The Problem: At the p r esent time, all coal mines th roughout the c ountry 
are considered to be identical under the coal mine Health and Safety Act 
of 1969. Each mine , though, is uniqu e unto itself by the v e ry nature of the 
coal mining process. Different condit ions within a given mine combine t o 
create hazards of varying nature s and precedenc e . For example, m ine ' 'A" 
has zero methane liberation and coal which c uts qui te easily, therefore 
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g1vmg off relatively little dust. Mine "A" also has extremely bad top. On 
the othe r hand, mine rrB" i s a hot mine with very hard coal which results 
in a great deal of coal dust. Both of these mines have to put the same 
effort into ventilation and ign ition control although the y clearly have dif­
ferent primary hazards: Mine rr A" - - roof control, mine II Brr - - ignition 
control. 

Research Recommendation: Study the requirement for and feasibility of 
a mine classification system. Part of the objective of such a s tudy would 
be to determine the important classifying variables, such as methane 
liberation, coal grindability, top conditions , overburden, rib conditions, 
etc. 

The study would also determine whether more stringent regulation in a 
given area (ventilation, roof control, etc. ) is needed for certain classi­
fications of mines while p e rhaps l e ss rigid control would be appropriate 
in other areas. The ultimate implication of such a study would be the 
re-evaluation of the pres ent Health and Safety Act with a view toward 
structuring flexibility into the law in recogni tion of the variability in 
mine conditions. 

Research Priority: Top 

C. Economics of Roof Control 

The Problem: Mine management lacks information (or communication) on 
the actual cost of roof falls. Operators need to be sold on the economics 
of prudent roof control. An honest evaluation of roof fall probability and 
costs versus roof control costs should show that, while not always true, 
good roof control often costs less than the pro rata cost of probable roof 
falls. 

Research Recommendation: 

1. Develop costs for typical operations by production size and equipment. 

2. Provide forms listing all developed costs so mine operators can learn 
typical costs. 

3. Develop worksheets so mine operators can figure their personnel costs 
with help from #2 above. 

4. Sell the industry on the economics of roof control through printed matter, 
articles, persona] contact by inspectors. 
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This project would r e quire careful costing of all roof ....:ontrol materials, 
e, g,, mechanical, hydraulic, and wooden supports, on a comparative 
basis (purchase and us e). The cost of roof falls could then be illustrated, 

1. Medical and legal obligations (injuries). 

2. Adjustment of co1npensation rate, number 
of years applicable payroll. 

3. Lost revenue (number of hrs" spent for clean-up) 
x (normal tons/hr. ) x (gross profit/ton), 

4 . Cos t of processing rock instead of coal (including 
special handling expenses) , 

5. Cost of schedule adjustments and lack of 
flexibility due to committed crew. 

6. Lost future production due to slow-up of affec t ed 
crew and others in mine who learn of the fall . 

7. Cost of repairs and lost time on equipment-

TOTAL OBVIOUS COST 

Then, consider hidden costs: 

$ ____ _ 

$ ------

1. Cost in terms of wcrker morale and willingness to cooperate en 
controversial assignments, 

2. Possible UMW problems if negligence is suspected . 

3. Possible state and federal re striction s if roof fall is the result of 
poor production techniques. 

4. Higher labor costs in turnover of good men who can secure empl oy -· 
ment in safer mines. 

5. Higher labor costs due to acquisition and training of new men . 
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6. Possible labor shortages if mine develops a reputation for lack of 
concern over welfare. 

7. Lost time due to discussion and bickering about any unusual or danger­
ous event. 

8. Additional exposure to workmen who have to remove fall and support 
roof, the most dangerous job in any mine. 

9. Potential for greater disaster if fall occurs in conjunction with or even 
close to another dangerous event - - could cut off an escape route or 
hinder efforts to deal with an emergency situation. 

10. Could cause or increase the likelihood of other dangerous conditions 
such as explosion, fire, equipment injuries. 

11. Could develop into a running roof fall that would be disastrous. 

Research Priority: Top 

D. Equipment Economics 

,) . 

The Problem: A significant number of permissible items under the new 
law are -- or have the effect of being -- sole source accessories and 
equipment. Having captured the market, the unit prices of these items 
often rise significantly. 

This problem has several parts: 1) price behavior in a monopolistic 
market creates significant financial hardship for the small or indepen­
dent operator, who cannot counter such market tendencies by refusing 
to buy; 2) the situation creates hard feelings and mistrust on the part 
of the operators; 3) such hard feelings are enhanced by promotional 
mail and magazine advertisements which capitalize on the enforcement 
powers of the Bureau, e.g., "use Brand X -- it ' s the law now!" This 
situation leads to antagonism and cynicism toward the new safety law. 

Research Recommendation: An econometric analysis should be con ­
ducted of the price/supply/demand behavior of equipment / accessories/ 
supplies which exist in an effective monopolistic market. The objective 
would be to determine what actually happens to price, supply and 
demand before and after the particular item becomes required by law - -
e.g., the over 300% increase in the price of the methane monitor for the 
continuous miner. 

Research Priority: Second 
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E . Mine Reports 

The Problem: The multiplicity and great variety of forms which federal 
law requi r es operators to complete creates two problems: 1) a s ignificant 
portion of the sup e rintendent 1 s and mine for eman I s time (foremen estimates 
range from 15-30%) is spent fill ing out forms instead of in line supervision; 
2) the number and c omplexity of forms generate cynicism toward the l aw. 
Forms are completed for the sake of c ompleting them, not for the purpose of 
conveying information 

A general management princip le is that the individual completing any form 
must: 1) understand the r eas on for complet ing it, and 2) be convinced of 
the value of the information contained therein. Neither of these could be 
said t o apply t o most of the m ine for emen, s uperintendents , etc . observed 
d uring this study. Four specific examples are outlined b elow: 

1. Injury Reports 

Form 6-1 42 0 
F orm 6-1423 
F orm 6-1498 
Form 6-1459 

Indi vidual Injury Report 
Monthly Injury Report 
Daily Injury R eport (ledger, 
Qua rterly Injury R eport 

Comment: In this case, it is the multiplicity of reports that generates 
hard feelin gs . The que stion asked time and tim e again is: " Why a Quar­
terly report to sunrmar i ze s. Monthly report to summarize Daily reports 
to summarize Individual reports?" 

2. Unexplained Reports 

a. Form 6-1419 -Q, distribution of bituminous coal and lignite shipments . 
b. Requirement to subm it names and dates of birth of all employees 

(USBM letter) . 

Comment: I n these examples, the m ain gripe is simply "Why? 11
• 

Manage ment (supe rintendents , foremen , e tc.) would like a more 
comprehensive explanation of the need for the information. (This 
comment applies t o the injury report example above as well. Per­
haps management would be more amenable t o four injury reports 
if they understood the nee es sity for them.) 
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3. Odd Sized Reports 

Form 6-1423-AM 

Comment: The form is just l arge enough to be inconvenient - - can ' t 
be duplicated on a Xerox/Thermofax machine without a re duction lens; 
won't fit a standard business envelope. 

4. American Printing Co. Forms 

Includes all report forms manufac tured and s old by American Printing 
Co., Madisonvill e, Kentucky -- fo r example, the sep arate pre -shift and 
on-shift daily report log u sed for eac h s h i ft in e ach s ectio'P\. In 
a 7 -section mine working 3 shifts, 21 separate logs are in use at one 
time, all of which must b e reviewed and signed by the superintendent. 
This " sole supplier'' problem is significant in ot:b.er areas besides form s . 

Comment: All superintendents, mine for emen, and operators interviewed 
complained about the unnece ssary b ulk, length and variety of these re­
ports. They are suspicious of the fact that only American Printing Co. 
supplies these items. They feel that American Printing Co. must have 
a "friend" in the Bureau. Actually, the operators are mistaken; there 
is at least o.ne other firm supplying these form s -- Durham Offs e t Co., 
Harlan, Kentucky; however, even in Harlan/ Bell/Knox Counties, the 
American Printing Co. forms were used in almost all mine s visited. 
Anyway, the r esult i s the same - - an effective, if not actual monopoly. 

G eneral Comment: The problem with these form s is not directly related to 
safety, but it is one area which h a s contribute d directly to the morale pro­
blem among operators in coping with the new law. It leads to a general 
cynicism in responding to the letter rather than the spirit and intent of the 
law. One q uote is worth recording h ere : "If they want 10,000 reports, 
I'll give ' em 10,000 reports, and I'll sign every one of them in my best 
handwriting; screw safety. 11 

Research Recommendation: USBM should conduct a comprehensive 
source document evaluation. Such an analysis would involve: 1) inter­
viewing every age ncy within the Bureau that r e quires raw. data from 
operators to determine precise objectives in gathering information, 
alternative sources of informatio~, and required frequency in updating 
information; 2) examining possibilities for elimination of forms or 
consolidating forms; 3 ) redesigning /simplifying forms where warranted; 
4) d e veloping a forms manual for O]j)eratbrs which describes e ach form, 
its purpose and significance and how the forms should be completed in 
order to be most effectiv e. 

' . 
Research Priority: Low 
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CHAPTER 21 

INSIGHTS , OBSERVATIONS: Al~D COMMENTS 

This chapter discusses a variety of haza.rds which we observed in the mines 
and recommends possible i:.olutions. These observations have been asser.nbl e<i 
in this section for any of three possible r e asons: 

• They a r e insights that w~ feel are valuable , but for which supporting 
data does not exist. 

• They are valid obs ervatio11s , but the ir impact on safety may not be as 
grea.t as other reco1nmendations within this report. 

• Our observations may well hav e been identified by others and ou:r· 
recommendations may duplicate those made by others. 

Some of our interpretations of the hazardous problems listed in this section 
may be subJect to subsequent revision or expansion; some may be proven 
invalido But, in keeping with the ultimate objective of this study - - to save 
lives - - we feel that it is important to include any idea which might furnish a 
new insight or creative idea regarding fatality reduction. 

This chapter is divided into two subsections : Procedural Hazards and 
Equipment Hazards . 

I . PROCEDURAL HAZARDS 

The implementation of the recommendations within this subsection requires 
minimum capital expenditures , and in most c ases only entails simple pro­
cedural changes. Many of the recommendations are accompanied by greater 
worker productivity and/ or improved efficiency, resulting in greater output 
per manhour . The following is a listing of our observations and recommen­
dat ions concerning procedural hazards . 

2;86 



A. Hazard: In mines with a great deal of rib sloughage (50-100 lb. chunks) , 
workers often set timber lines with their backs to the rib , standing 
between the post and the rib. 

Rec ommendation: Worker should a~.ways :,tar.cl on ~ha ~ntry side of the 
timber, or at leas t at right angles to it, in oxder to minimize the poten­
tial rib sloughage hazard. 

B . Hazard: New roof is sometimes left u,1sl:'.ppox~e-:i fo~: 15-20 m i nutes due 
to the absence of a loader helper who normally erects temporary supports 
at the com-pletion of the loading cycle . Such support delays contribute to 
roof flexing and hence a weakened roof. 

Recommendation: In such a situation, the loader cperator should be re­
sponsible for erection of temporary support. He is normally well ahead 
of the bolter on the cycle, anc. by setting the temporary supports himself, 
he would be: 

1. Significantly reduc~ng the ro::>f ha '!.ar.::J. by s.ippcr ting the roof before it 
has time to separate . 

2. Reducing the bolter's cycle time. 

C. Hazard: Pressure is applied against roof supports at shutt.le car dumps by 
the wei ght and for c e of the coal being unloaded. Pressure may be applied 
directly by coal aga:;.nst the posts or by coal pre .ssing the guide boards 

against the posts . 

SIDE VIEW 

l+H 

GUIDEBOARD PRESSURE 

tf-f+ I 
Shuttle 
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R e conunendation: Roof support posts at the b elt dump o~cr too t empting 
a bas e against which guid e boards can be placed . E xtra bolts s hould be 
placed in the dump area in addition to post s . That i s , posts should be 
recognized a s primarily a dwnping aid rather than a roof support me c han­
i s m in the dumping area, The roof should be bolted as if the pos t s in that 
a rea did not exist. 

D, H azard: The outgoing shift foreman must conrmunicate t h e details of the 
s hift • s work in a few h urried moments abo ve ground to the on c oming shift 
foreman. This excha nge i s expecte d to include prog ress di a grams, dan­
gers, supplies required, etc.; however, the b riefin g is often incomple t e 
and the omissions a re usually those r e l a ted to s afety. 

Recommendation: Continue pres ent briefing s ystem but use a blackboard 
at the section entrance to jot equipment positions and safety problems ; 
the b oard could be prepainted for most sections a n d show both development 
and r etreat operations. Foremen are in a hurry above g round but h ave 
exces s time un derground to make note s . Wo r k e rs can a lso note 11 working11 

roof needing support and other individual items that the forema n omits or 
about which he is not informed. 

E. Hazard: Wires that are often used to hang cable s, wate r pipes, e tc. a re 
placed on the roof bolts, Normally these are l e ft hanging with the wire 
ends pointing downward, This creates a serious injury h azard (es pecially 
to the eyes). 

Recommend ation: Turn up the ends of the wires a s shown in the following 
diag ram. 

ROOF _._.,,,. ................... ._.,. ... ____ ~H:EAD~E~K~-~~-----..-~-.1-·--------~· 
..,. ..... ____ ~~~~ ~WIRE BENT UP AND 

..,.-WIRE OUT OF THE WAY 

FIGURE A FIGURE B 
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F. Hazard: The roof bolter often sets screw jacks in the position shown in 
the diagram. He is unable to watch the roof and is in a rather immobile 
position should a portion of t he roof begin to fall. 

RIB 

RIB 

Recommendation: Instruct the roof bolter to s tand in s uch a position that 
when the jack i s grasped he is looking toward the face and i s standing 
neare r to the last row of bolts. 

TOP VIEW TOP VIEW 

---FACE--_____.,._ 

JAC~ 
JACK 

HEADER ----
~ RIB MAN 

LAST LINE MAN 

-- - OF --
ROOF BOLTS 

SIDE VIEW SIDE VIEW 
---ROOF---.... 

RIB 

JACK JACK 

MAN MAN 

EXISTING SYSTEM RECOMMENDED SYSTEM 
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G. Hazard: While tranuning foe continuous mine r in low coal, the operat or 
keeps the bits high off the floor, and in the process , strikes a number of 
roof bolts. This ruins their torque and makes them ineffective. 

Recommendation: The miner operator should carry a torque wrench. After 
striking a roof bolt, the torque should be checked and adjusted, if necessar y . 
To p r event s t riking bolts, carry bits in a lower pos i tion whenever pos s ible. 

0 0 ~ t;i 
4,...HEADERs..!J 
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H. 

I. 

Hazard: B ecaus e coal shooti n g is us u ally a b ottleneck in th e work cycle 
(the l oade r is u sually i dle , waiting for s hooter to finish) , fi r emen often 
begin p r eparing and inserting shots while the cutt ing mach i ne i s s till at 
the f a c e , c r eatin g the oppo r t un i ty for a m an-machine ac cid en t. 

R ec ommendation: Management should make sure that only one operation 

is c onducted at the face a t any one t ime. 

H aza r d : The roof bolter s ometimes drills holes and inse rt s the b olts 
but does not tigh t en t hem, l e avin g this j ob fo r anothe r c r ew m embe r . 
T h e roof bolter will then often stand beneath a n untightene d bolt while 
d r i llin g the next hole , res ulting in winecessar y expo s ure to un supported 
roof and increasin g the danger o f being s truck by a falling roof bolt. 

Recomme nda tion : T i ghten a ll b olts as soon as e1ey a re inse r ted. 

J . Haza rd: Roof bolts a r e often o ver- s p ac e d when t he roof bolter is unde r 
work cycle pres s ure. TB & A consulta nts have s een bolts as much as 
10' apart i n 4 1 and 5 1 c ente r plan mines. In one case, the c utter opera-· 
to r noticed over -spaced bolts above anoth er man in t he face a r ea; he 
p us h e d the man aside and s c a led down several hundr ed pounds of roof 
on top of the cutte r. 

T HE SI T UAT ION 

2 9 1 

RB plan calls for 5 1 ce nters, 
as in face 3 , but r oof bolter 
h a s ove r- space d in # 2 to stay 
ahead of cutter . This hazard 
may t ake on d i fferent forms 
- - the bolte r may II overlook" 
bolting kettlebot toms or re­
b olting l o o se bolts in order 
to stay ahead . 



R e commendation: Reduce work cycle pressure o n the roof bolter, using 
any of the following ·methods: 1) assure him that safety is fir st and 
that he will not be singled out as a production bottleneck for taking the 
time to bolt carefully; 2) use two roof bolting machines to eliminate the 
bottleneck (some mines do); 3) employ only high-skilled operators on 
the roof bolter in order to achieve faster work pace ( the inherent con­
flict between union requi:r ed ''posnng11 and j :::-b placement is discussed 
in Chapter 19) . 

K. Hazard: The roof bolter operator and helper stand under unsecured r oof 
as they stack headers on the floor for the temporary roof jacks which 
are not long enough to reach the ceiling without blocking. 

RecoJ:El:tnendation: Obtain temporary jacks of the correct length. 

L. Hazard: Irregularly spaced intersections and the resultant irregular pil­
lars significantly contribute to rib and roof falls. This irregular pattern 
is primarily due to the l ack of communication between engineers and line 
management (foremen) following corporate c hanges in the general mine 
plan. 

Recommendation: Communicate mine plan changes immediately to all 
foremen via a pre-shift foreman meeting; man-trips could be delayed to 
allow for such important meetings. 

M. Hazard: In an area of suspected bad top, the f o reman and both roof 
bolters stand in unsupported area while the foreman s ound s the top. Haz­
ardous exposure is tripled by having 3 men present to do the work of one. 

Recommendation: Only one man should be necessary to sound top in an 
unsupported area. 

N. Hazard: A man cleaning a rib in preparation fot· timbering an entry is 
shown in Figure A. If rock and coal came down s 1.1ddenly, he would have 
no place to jump. (See figure on next page. ) 

R ecommendation: Stand on opposite side of ladder to obtai.n some pr.'.)­
tection, and have a clean jump away from rib. 
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FIGURE A 

O. .!?aza!d: ':'emporary cable splices left overnight in sections with consid­
erable floor water (3" to 1') tend to become soaked. If they 11blow11

, they 
create serious electrical hazards for nearby men working in the water. 
Foremen feel that a 11 blow" will come at the electrical "switch - on" at the 
beginning of the shift or not at all. 

Recommendation: At the beginning of the shift, before the electrical 
1 1 switch-on", raise and hang all s plices above water; if splice sur vives 
1 1 switch -on11

, then cable can be returned to normal use. 

P .. Hazard: Roof boits are over-torqued with multiple activations of the head 
rotation control, causing possibl e weakening of the roof bolts and bolt 
plates, and improperly secured roof. 

Recommendation: 

I. Check torque setting on roof b o lt machine frequently. 
2. Adjust torque setting on roof bolt machine as required . 
3 . Activate t ightening clutch just one time per roof bolt . 
4. Insure spot check of roof bolt torques per Federal law. 

ROOF 
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Q . Hazard: New cuts made at the end of swing shift are usudlly left overnight 
without suppo:..-t. Cuts made at the end of day shift may go 60-90 minutes 
without support during man-trip out, man-trip in, crew preparation, etc. 
This contributes to roof flexing and increases the possibility of a fall of 
suppo rted roof a t some time in the future . 

Recommendation: Federal regulation should require all temporary support 
plans to provide for temporary support of any new cut before changing shifts , 

R. Hazard: Haulage accidents occur frequently when machinery from a pre­
vious shift has been left parked behind a check-curtain and is run into by 
another machine. 

Recommendation: Off-going foremen should be required to communicate 
equipment positions to in- coming foremen at the shift change. (Note: See 
Recommendation D concerning section blackboard . ) 

II. EQUIPMENT HAZARDS 

Recommendations within this sub - section generally do require some capital 
investment. In all cases, either equi pment modifications or purchase of new 
equipment is required. The following is a listing of our observations of equip­
ment hazards and recommendations. 

A. Hazard: Temporary cable splices afford little protection against water 
contacti ng electrical conductors . and create serious electrical hazards 
for nearby men working in the water. 

Recommendation: Develop a rugged, waterproof splice "jacket" for use 
over temporary spl ices in wet sections until cables are pulled for vul­
canization. This self-adhesive , external canvas jacket would be the 
equival ent of a large, latex bandaid. (Note: Many mines with permis -
sibl e underground permanent splice equipment have found it to be unre­
liabl e and difficult to use.) 

B . Hazard: Occupants of open-top mantrip cars are exposed to roof ready 
to collapse along the entire length of the main en~ry. Untorqued bolts 
often drop down, reducing the height of the roof. As the cars travel 
through the mine, miners can be speared by these loosened bolts or 
struck by falling fragments of roof. Open-tops also afford no protection 
in mainline collisions, as evidenced by 4 men in an uncovered car killed 
in one accident (those in the cover~d car were only injured) . 

Recommendation: Covered mantrip cars should be used whenever roof 
height permits. 
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C . Hazard: Present temporary roof jacks cannot be used otner than perpen­
dicularly to the floor bP.cause the jack base is fixed. The jacks do not 
provide good roof support when either or both the roof and floor slope, 

Reconunendation: A swivel top and swive1 base on each temporary jack 
will allow good roof support from a jack perpendicular to the floor, whether 
the floor and roof slope or not. 

PROPOSED 

D. Hazard: The present method of measuring the face is for the foreman and 
a crew member to hold a tape measure under the exp0sed roof at the face 
to check the cut width. 

Recommendation: A simple battery-operated projector should be used to 
measure distances. When the projector is set a prescribed distance from 
the face, the width of face is established using a set focal length. 

E. Hazard: The equipment operator lays header blocks on either side of the 
cables, trams over the protected cables ,, and recovers the headers , This 
procedure is dangerous, time consuming, and affords only poor blocking 
quality when it is done at all. 

Recommendation: Design and fabricate a metal riser. The riser will 
provide consistently excellent protection and will be much easier to locate 
and recover. 

PRESENT METHOD REC OMMEN DA TION 

CABLE 

. I I=----=-----_-_· -I 
WOODEN HEADERS 

4 I '> 
CAB:!:...,E 

END VIEW 



F. Hazard: Mainline haulage accidents often inv0lve either ~lectrocution 
caused by contacting bare trolley wires, or falls occurring during the 
replacement of trolley poles . 

Recommendation: Trolley wire protection should be extended throughout 
the system instead of being placed only at active loading/traffic points . 
Protection should be provided not only against accidental contact, but also 
against the trolley pol e becoming dislodged. Research on an economical 
material, preferably more rigid than the present rubber flaps, must be 
conducted. 

HANGER 

WIRE 

POLE 

HIGH VOLTAGE 
TROLLEY WIRE 

G . Hazard: Present hand-held face drills have a tendency to move a way from 
the operator unless a second man places his foot against the base to prevent 
this. 

Recommendation: Devise a non- slip foot for the drill so that the movement 
will be arrested. The second miner can then be eliminated, reducing total 
exposure to unsupported roof by 50% as only one man is involved instead of 
two. 

H . Hazard: The routes from operating sections to the escapeways are not well 
identified in most mines, and the miners are generally unfamiliar with the 
route or routes to follow during an emergency requiring es cape to the mine 
surface. 

The Federal Register specifies that each mine shall provide escape facilities 
and escapeways , but the Register does not state how the miners shall find 
their way to the escapeways during an emergency evacuation. 
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Reconunendahon: T he recommendations fo r i dentifying c:s capew ays a r e 
listed b elow in descending order of effectiveness . 

1. Tack phosphorescent pointed directional arrows at 6-10 foot inte r vals 
onto all r oof center lines . It is espe c ially impor tant to identify the 
r oute on roofs in operating sections . The ar r ows woul d glow and sh ow 
the escape paths tc follow in the event of total da r kness. 

2. Same as # 1 a bove, except that the directional arrows would be coated 
with glass beads instead o f pho sphorescent paint. The directional 
arrows would be recognizable in a dim light situation, but could not be 
seen and followe d in total darkness . 

3 . Paint a colored stripe down the center line of all rcofs . The advan­
tages a r e : 
a . I nexpen sive . 
b. F as t and easy to a pply wi th an extended handle o n a paint rolier. 

The disadvantage s a re: 
a . Cannot see the stripe in total darkness . 
b . A man may become confused without di r e ,;: t i onal arrows, and may 

return to anothe r section of the mine instead of reaching the mine 
surface . 

4. Post maps with escape rodes shown. The a d"antages are nominal. 
The disadvantages are: 
a . Cannot :,e e the map in tctal darkness . 
b . Man may become di s oriented during an eme r g ency and mis r ead 

a map. 
c . Need to c onstantly update all maps located i n working sections . 

The maps would sel dom be cur rent because they would always 
lag the actual section c onfigu r ation by one o r more shifts , 

d . Maps would have to be located on walls approximately 5' from 
the floor , and would be s ubj e ct to ac c identa l removal by m e n 
and equipment. 
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The tentative cost from a Los Angeles supplier would be :i, . 40- . 50 per 
phosphorescent sign in quantities of 10,000. Wider spacing of signs 
and larger order quantities would cost a large mine about $5,000 for 
the material. 

The 3M Company can furnish reflective tape signs for approximately 
the same cost as above, 

I. Hazard: The repositioning of the continuous miner for better loading 
position, or to do clean-up work on roof, ribs or floor requires the 
const ant attendance of the miner helper . Because of his constant re­
sponsibility for keeping the power cable from beneath the miner, the 
helper is exposed to boi;h equipment hazards and roof hazards by his 
position between the machine and rib . (One helper was recently killed 
by a rib burst when b l own against the miner by the coal - - others sur­
vived by rolling with the burst.) 

Recommendation: One solution is to develop a device to hold the cable at 
right angles to the continuous miner . One large mine company currently 
uses a device composed of 5 wire cables (approximately 12-181 1 long) to 
help hold the power cable away from the ma~hine. 

These cables are flexible and not likely to cause injury. Unfortunately 
because of this flexibility the device sagged too much and reduced the 
,rreach11

• As a result, the device was not effective. In fact, the con­
tinuous miner ran over the cable and cut it while being obse r ved by 
TB & A consultant s . 

A more satisfactory solution would be to develop a spring loaded rigid 
arm which would not sag but which would provide lateral movement at 
30 -40 pounds resistance. This would allow the arm to fold flat if a rib 
or person required clearance . The arm would be extended only during 
short movements conditional upon the slack in the cable . The weight 
of t he cable during tramming operations would pull the arm against the 
side of the miner. 

J . Hazard: Electrical cables hung from the roof at intersection s often droop 
sufficiently to be caught and jerked down by a shuttle car carrying a high 
load of coal. On occasion, the cable has blown. 

Recommendation: Metal risers (see Recommendation E) would allow cables 
to cross intersections on the ground, wo11ld eliminate time lost due to raising 
and hanging cables , and would eliminate the cable "drooprr hazard. 
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