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FOREWORD 

Thi's report was prepared by Theodore Barry and Associates, 1151 West 
Sixth Street, Los Angeles, California under USBM Contract No, S0122023, 
Mod lA. The contract was initiated 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. Al Young was the contract administra­
tor for the Bureau of Mines, 

This report is a sum-mary of the work co·mpleted as part of this contract 
during the period August 1971, to September 30, 1972, 
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CHAPTER I 

INVESTIGATION OBJECTIVES AND ACCIDENT PREDICTION 
TECHNIQUES 

OVERVIEW 

The original work statement of this contract was entitled: 11A Predictive 

Accident Analysis Model for Use in Underground Coal Mines. 11 The con­

tract was scheduled for a duration of 26 months <".nd was to be in three 

phases: Phase I - Model Development., Phase II - Application of the 

Model, and Phase III - Installation, Monitoring and Evaluation of the 

Model. After three months in Phase I, it became apparent that much 

of the needed data for the model wa,s not available and could not be made 

available within the original study schedule. Proceeding as planued would 

have resulted in a model of limited utility. 

Personnel from Theodore Barry and Associates and the Bureau discussed 

the problem in detail and mutually decided to utilize the majority of 

remaining funds to assist the Bureau. in solving these data problems and 

develop a stronger ongoing capability for safety analysis within the Bureau, 

Both the contractor and the Bureau officials involved believed that this 

decision greatly enhanced the Bureau 1 s ability to develop future accident 

prediction models, whose rigor would greatly exceed what was currently 

possible. 

The revision of contract objectives divided the contract work statement 

into two para lle l studies: this s tudy, the "Accident P r e diction Investiga-

tion 11 study (Contract No. S0122023 Mod lA). which continued selected 

l 



aspects of the original work at a reduced level of effort, and a second 

study entitled the nsafety Analysis System Study 11 (Contract No. S0122023 

Mod lB). The systems study assessed the then current Bureau accident 

analysis system, in the former Office of Accident Analysis, and in­

vestigated what accident analysis system should replace it in the planned 

Health and Safety Analysis Center in Denver. In the systems study, the 

Contractor examined the questions of what accident data should be gathered 

on a routine versus special study basis, what kind of reports should be 

issued, and what internal processing and analysis operations were re-

quired. The recommended irnprovements of the systems study would 

have a much greater and longer lasting impact on developing mo re use­

ful data on mining safety problems - hence greater accident prediction 

ability - than if the original study had proceeded without alteration. 

This report primarily concerns the continuing study called an "Accident 

Prediction Investigation, 11 but also includes a short summary of the 

results and problems of the original study. The revised accident pre­

diction investigation study concentrated on analyzing the effect of 

accident factors that could be investigated iron~ existing mine data. 

The Bureau and Theodore Barry and Associates had already made a 

commitment to several large steel companies and a number of mine 

operations in the Pittsburgh seam, which had been selected as the 

location for the original investigation, Since a considerable investment 

2 



m time and money had been made to gather data from these m.ines, the 

contractor and the Bureau felt obligated to make the best possible use of 

the data. 

Study Objectives 

The major investigation topics of the Pittsburgh seam accident analysis 

were as follows: 

• Uniqueness and variability of accident factors such as 

accident type, occupation, equipment type, etc., associated 

with accidents in the coopera.ting Pittsburgh seam mines. 

The greater the uniqueness of accident factors found in a 

given mine, the greater the predicbve potential to be found 

from the accident analysis. Conversely, the greater the 

variability in the accident the smaller the predictive poten-· 

tial derived from accident data, at least in the short run. 

• Job inexperience factor in non-fatal accidents. This was the 

single most important factor identified in the fatal accident 

data base previously developed by the contractor for the 

Bureau. Since this variable had not been recorded in non-

fatal injury reports reported to the Bureau, this was believed 

to be an important objective, 

3 
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• Accident factors not previously investigated that we re 

closely related to the job inexperience factor, such as 

gross absenteeism, mine employment turnover, job 

posting or job turnover, etc. This objective was some-

what restricted to using available data, because of budget 

limitations and completion deadlines. There was not 

sufficient time in the revised study to set up new accident 

data collection efforts because the contract revision 

shortened the project by one year. 

• Accident variable 11normalization 11 data for th e Pittsburgh 

seam accident sample. In other words, the investigators 

were to convert as many raw accident frequencies into ac-

cident frequency rates as possible. 

The latter normalization objective ·is necessary to estimate the risk 

or degree of hazard associated with an accident, and thus to separate 

degree of risk from degr e e of exposure in the accident data, For 

example, obtaining the worker job classification distribution from 

the participating mines permitte d an accident rate calculation for each 

job in t e rms of accidents p e r 1000 workers. The normalization p e r-

mitted the analysts to observe that, although roof bolters exceede d all 

othe r occupations in number of injuri e s, machine loader ope rators and 

helpe r s w e re fa r more likely to be injure d tha n roof bolters in terms 
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of accidents per 1000 workers. Accident data can be normalized in a 

number of ways, but the normalization process is essential to developing 

a greater accident prediction capability. 

The accident data normalization project with the highest priority was 

to obtain normalizing data for the job inexperience factor, not only for 

the Pittsburgh seam non-· fatal accident sample, but also for the fatal 

accident data base previously developed by the contractor. In response 

to the need for nortnalizing data, the contractor extracted data. from the 

.following U.S. Bureau of Mines files: 

• Employee history file containing data on over 80,000 und e r-

ground coal miners primarily about their respi rable dust 

samples which must now be subrnitted to the Bureau under 

the 1969 Coal Mine Health & Safe ty A ct. Variables in the 

file include job title, age, underground experience, mining 

style, etc. 

• 1971 Injury File which is the coded computer tape file o £ 

r e ported injury accid ents. 

• 1970 Employme n t D a ta File . This file contains e mployme nt 

and production data about each mine and included the in-

t e resting s ea rn h e ight variable. 
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The purpose of extracting this data was to 1) compare national injury 

data vs. the Pittsburgh Seam sample, and 2) to attempt to further re-

solve the validity controversy surrounding the job inexperience factor 

for the fatal accident data base, The question was whether job inexperience 

associated with high 'accident rates was valid or was an illusion created 

by high job mobility patterns. 

Major Findings 

Some of the major findings of the accident analysis frorn 15 mines in 

the Pittsburgh Se.am and from comparisons with selected nationwide 

data, are as follows: 

• The job inexperience factor 1s not explained by job turnover. 

The job inexperience factor was an even stronger factor in the 

non-fatal Pittsburgh Seam accident sample than in the fatal 

accident data base. For example, 16% of the roof bolter 

accidents in the Pittsburgh Seam mines occurred during the 

first month on the job versus about 2% per month average 

roof bolter job turnover. Job turnover data, derived from 

USBM respirable dust r e ports on over 80, 000 underground 

workers, indicates that job mobility is relatively high 

(20 - 40% per year} but not nearly high enough to explain 
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the job inexperience factor found in the fatal accident data 

which would require a turnover percentage aver 100%. 

• The accidents in the mines studied varied considerably, as 

expected, from national data, both in type and characteristics. 

The implications for better utilizing more detailed regional 

accident data is discussed in this report. 

• Factors that were thought to be related to the job inexperience 

factor, such as gross annual absenteeism, job turnover, and 

productivity, were not consistently correlated with accident 

rates in the various mines. 

Chapter Three provides a more detailed summary of the accident analysis 

findings and m e thodology~ Chapter Four presents the d e tailed analysis 

I and the comparisons with 1971 national non- fatal injury ace id ent data, 

t I Some of the comparisons in Chapter Four have n e ver been published 
i 
I 
/ before to the best of our knowledge . Calculation of accident rates per 
J 

i I job cate gory, for example, was not really possible until the recent 

l I cre ation of Bureau data ga the ring activitie s such as the respirable 

! dust samplin g program. Simila r ly, c e rtain a ge compa risons we re not 

I 
i j possible before. The job inexpe rience comparisons are most significant 
l 
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in our opinion because they offer the most definite proof of the job in-

experience factor in accidents ana indicate that the problem may be 

much worse in non-fatal injury accidents, 

Besides the accident analysis, this report discusses other aspects of 

the original accident prediction study, including the proposed SPA con­

cept and a summary of the interview results obtained by the attempted 

Delphi technique interviews in Chapter Five. A promising accident 

prevention interviewing technique, called the Critical Incident Technique, 

is discussed in this chapter in addition to the discussions of accident 

pr edi c tio n techniques. 
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ACCIDENT PREDICTION FROM ACCIDENT OCCURRENCE 

The term 11accident prediction model 11 has been a very confusing term 

for those concerned with this study. The term 11prediction 11 and the 

term 11model11 both tend to convey widely differing meanings to different 

people. Thus, it may be useful to dis c uss various concepts of accident 

prediction before discussing the recommendations and findings of this 

study. 

Some of the accident prediction concepts to be discussed include 

11 Statistical forecasting and quality control calculations to 

answer the 11who? what? where? when? 11 questions. 

• Analysis of causal and correlative accident factors to 

answe r th e 11why 11 or 11if-factor-X-then-result--Y? 11 

questions. 

The most common errors made about accid ent occurrence includ e an 

underestimation of the statis tical va riation a s socia ted with a ccident 

occurrence and the accompanying oversimplified assumptions of accident 

causality. Hopefully, the following paragraphs will revie w some of th e 

most relevant a ccident prediction t e chniques and help clarify some of 

these mis conceptions, 
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! A cr:icient Prediction From Statistical Forecasting 

The term accident prediction tends to be commonly understood as the 

process of id en ti fying and measuring the importance of a c cid en t II causal 11 

factors. However, in some cases, one can 11 predict 11 accident occurrence 

in the immediate future by simply statistically projecting past accident 

frequency occurrence data into the future without reference to any so-

called causal factors. Obviously, there are certain risks in projecting 

the past into the future, but the techniques, if refined, can be very valuable 

for certain prediction purposes. 

A large mine or group of mines which have been having a large number 

of roof fall accidents will tend to. cont.inue having a large number 

of roof fall accidents, unless fundamental changes occur, and it is 

important to know whether or not changes have occurred prior to in-

spection. Unique accident factors in a mine which have been statistically 

consistent over time are . of great value to anyone attempting to identify 

and cope with current and future safety problems in that mine or mine 

group. The desire of mine inspectors to be able to review the accident 

history of a given mine prior to a mine inspection is recognition of the 

value of projecting from the past to the present and to the future. 

Forecasting from previous accident frequency data can be made con-

siderably more precise by calculating rolling averages and standard 

deviations of the data points included in th_e rolling average. The amount 

of the frequency variation of the points within a rolling average is a 
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direct measure of the stability of accident occurrence over time and 

hence a measure of future accident occurrence predictability. Ex-

ponential smoothing calculations far means and variances offer an 

enormous shortcut in the calculation effort and offer nearly equivalent 

precision for calculating rolling average means, variance, and trend 

corrections. 

The same statistical calculations described above for accident frequency 

projections into the future can also be used for detection of true changes 

and trends in the latest frequency occurrence data. The mean and 

variance calculations can be used to determine statistically whether the 

mo st recent data point represents a significant change up or down in 

frequency or whether the last data point is within an expected frequency 

range. The technique just described is similar to 11control charting" 

and is a common quality control technique in production industries. 

Control charting avoids either over-reaction or under-reaction to 

either apparent or real changes in a production process and/or in the 

occurrence of defects (accidents}. Most importantly, the technique 

provides reliable d e tection of real changes in the production process 

which require corrective action. 

At the present time, the Bureau has been developing selective enforce­

ment inspe ction programs that provide for increased inspection emphasis 

in mines that are considered especially hazardous and/or which have had 

especially poor safety records. Selective inspection is a commendable 

i 
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and sound program. It makes no sense to spend equal amounts of in -

spection time in mines of equal size which have accident frequency 

rates that differ significantly. 

A pp lying statistic al and quality control te chniques to the raw surruna ry 

accident data can considerably enhance the effectiveness of selective 

enforcement and inspection programs. 

Statistical control charts can provide valuable feedback on the effective -

ness of certain inspection or enforcement programs. If accident 

frequencies decrease in a group of mines t hat were selected for 

special program.s, the critical evaluation question is whether the de -

crease was statistically significant. 

Experiences_ encounte red by organizations who make decisions on 

frequency data over time reveal that without statistical control eval­

uation, people tend to over-react to apparent changes in freque ncy 

either up or down and thus misuse and waste valuable resources that 

could have been used to work on more critical control problems. 

Conversely, subtle shifts or creeping trends in data are ofte n misse d 

until the shifts are subs tantia lly large . 

Statistical forecasting techniques with rolling averages (or with 

equivalent n 1eans calculated by expone ntial s moothing) work b est 
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when restricted to means whose value exceeds five per time period, A 

mine with 100 mine workers with an accident frequency rate of 50 ac-

cidents per million man-hours would expect 10 accidents per yearo 

Thus an appropriate time period for this size mine and accident rate 

would probably be six months, Obvious ly, statistical monitoring of 

accidents in individual small mines poses a difficult problem regardless 

of the 1nonitoring technique. One valid monitoring technique for over-

coming the problems of smallness is to group mines similar rn size and 

problems. Other variables, such as seasonal variation, pose problems, 

but judicious grouping of categories, time periods, and formulae, can 

compensate for many of the proble1ns. 

Undoubtedly, statistical forecasting and quality control calculations in 

themselves will not reduce mine accidents. The se calculations do not 

significantly contribute to an understanding of how or why accidents 

are occurring or what the remedies should be to reduce accident 

occurrence. Moreover, w e risk the criticism that advocating the use of 

these techniques in mine inspection is an inappropriate attempt to make 

"statisticians out of mine inspectors. 11 We are not advocating that the 

ntlne inspector perform the statistical analysis, but r ather that his 

inspection efforts be directed to the most critical problems by the prope r 

statistical eva luation of accident statistics. We be lieve the H ealth and 

Safety Ana lys is Cente r in Denver i s the logica l organization to 

set up a statistical monitoring and forecasting program for the inspection 
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districts and subdistricts. Mo st of the monitoring calculations can be 

set up for timely and routine computer feedback reports to inspection 

districts. Also, making statistical information available will 

not be helpful if inspection xna.nagers are not involved in its develop­

ment and are not trained in the fundamental concepts behind these 

techniques. 

Our discussion of recommendations on statistical forecasting are based 

on the observation that at the time of this study the majority of expen­

ditures by the Bureau have been to collect accident and inspection 

violation information rather than to systematically ana lyze and utilize 

the data in responsive programs. We knew many plans are under way 

to correct this problem, but we advocate the acceleration of efforts to 

better utilize the data now colle cted. 

In visiting over seventy mines and i.n interviewing numerous mine in-

spectors our consultants have been impressed by the great d e taile d 

knowle dg e tha t mine mana gers and inspe ctor s have about many safet y 

proble ms. At the same time, our consultants have been surprised 

over the mis conceptions and la ck of per s p e ctive many of these m e n h a v e 

ove r major a ccident proble m s . This l a ck of p e rsp ective r e sults, we 

believe, from the l a ck of time ly and h e lpful fee dback data available to 

the se men on significa nt accident fa c tors. 
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Many of the above suggestions of feedback reports are covered in tbe 

recommendations the contractor has already inade in the sister report, 

Safety Ana.lysis Sys terns Study. The spirit of the recommendations 

and the reasoning in both studies is much the same, although the em­

phasis of the recomm.endations in this study is to place more emphasis 

on statistical forecasting and control concepts. 

A good reference on statistical forecasting with short-cut exponential 

smoothing techniques can be found in 1istatistical Techniques and 

Forecasting in Inventory Controln (4th edition) by R. V. Brown, pub­

lished by Prentice Hall Inc,, Englewood Cliffs, New J e rsey. 
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Accident Pred.iction from Analysis of Causal Factors 

The term 11accident causal factor 11 tends to suggest a deterministic 

relationship between the occurrence of accidents and a factor, but 

accidents do not result from a single act or single condition. At the 

present stage of information gathering in a mine, we do not have 

advance knowledge of the state of a sufficient number of physical 

variables to reliably predict a roof fall, nor can we reliably predict 

the behavior of human beings whose actions may coincide with certain 

of these physical conditions to result in an injury roof fall accident. 

Investigating accidents and assigning a single cause or a ranked list 

of causes may psychologically satisfy an investigative committee, 

but provides almost no useful information to an analyst attempting 

to analyze the accident occurrence likelihood asso c iated with a given 

set of conditions or the benefit of a proposed remedy to a known 

safety hazard. 

The problem of roof fall accident control provide s a good example 

of problems of so- called 11causal 11 analysis. Previous Bureau research 

attempts to develop an analytical approach to predicting roof fall 

occurrence has achieved only limited success. The combined 

theoretical effect of several variables a.ssociated with roof stress in 

room and pillar operations, i. e. seam height, roof deformation, entry 

width or intersection dimensions, type of roof s upport and overburden 

16 



depth, depth of overlying st!."ata, etc. are insufficient for accurate 

prediction of roof fall occurrence. The randomness and variance of 

natural non-uniformities in overlying rock strata is too great to be 

approximated by engineering calculations of stress which assllme 

uniform material characteristics. The calculations are, however, 

helpful for establishing a point of departure for minimum roof support 

criteria. Most roof support plans are empirically tested in the mine 

and adjustments are based on the resulting roof deformation and number of 

falls. 11Rules-of-thumb 11 definitions of 11adequate 11 roof support 

emerge from experience in various mines which is applied to new 

mine sections with similar conditions. 

Following the guideHnes of a roof control plan is no guarantee of 

avoiding roof fall accidents and the great difficulty in roof control is 

to recognize dangerous roof conditions and increase the roof support · 

where needed to avoid roof falls and roof fall accidents. This required 

judgment to maintain safe roof support introduces the human element 

in a major way into the safety problem. 

A fatal roof fall accident report will typically indicate some degree 

of variation had occurred in the roof control plan, will indicate the 

victim was taking unnecessary chances, and will have an observation 

that the roof fall outline followe d some sort of slip o r fault line. 

17 



To relate these accident factors in an empirical way to the future 

likelihood of accident occurrence requires numerous pieces of 

information. Basically one must have some knowledge of the number 

of other similar situations that both did and did not result in accidents. 

Suppose one wished to compare empirically the general effectiveness, 

as measured by accident frequency rates, of roof support plans that 

utilized posts only versus those that utilized bolts only. To do this 

comparison properly one wou.ld need to know 1) the post vs. bolt 

associated roof fall accident frequencies that occurred in matched 

conditions of equipment, seam height, o v erburden depth, entry width, 

circle-of-largest-diameter between-ribs, etc.; and to know 2) the 

number of roof control plans and the number of men exposed to each 

roof support plan. If the accident frequencies were dramatically 

different, for the two support plans, one would want to investigate the 

subject further by testing for intervening variables and by field 

observation. Important intervening variable questions to examine 

would be: 1) how close are roof control plans being followed in practice 

and 2) are there important differences in work practices or equipment 

which would affect the type of worker exposure to potential roof falls. 

Using roof fall accidents as an example, the difficulties of performing 

empirical roof fall accident analysis described above are as follows: 

18 
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l. Only fatal accidents are. investigated and reported with 

detailed narratives. 

2. Reported non- fatal injury accidents contain almost no 

data about the roof fall circumstances. 

3. Many roof control plans are only recently established. 

(since 1969) 

4. No systemmatic compilation of roof support plans has 

been made for EJUrposes of analyzing the relationship 

between roof fall accidents and roof control plans. 

The fatal roof fall accidents from 1966--1971 have been coded into 

a data base with approximately 250 variable s and about 125 varia b le s 

relate only to roof fall s . Howe ve r, w i thout th e data base of roof 

control plans one cannot determine the empirical r e lationship of 

mos t of th e se roof fall variables to fatal a c cidents. In the ca se of 

non- fata l accidents, an analytica l r oof fall non- fa tal injury a ccident 

base is precluded becau s e no roof fall data 1s recorded on the current 

injury accide nt reporting collection forms. 

Despite the lack of data problems in e s tablishing empirical relation-

ships b e tween a ccident occu r r ence and m a ny accident factors, much 

informa tion h as a lready b een <l e r ive d fr o m a n analysis of the 

19 
t 
I 
I 
' - - - - ---·- - · · - - · --~ ----- --- -----~··,- - ------ .J 

THFnnnRF HARRY 1:.1\in A~C::n f' i.lHF C:. 



accidents. As the Bureau builds its data bases it will be possible 

to investigate many factors more systemmatically. The essential 

secret to exploring these empirical relationships, is to build a 

data base on a case by case basis in such a way that one can 

tabulate the relative occurrence frequencies of any combination 

of factor values. This methodology is described in more detail in 

our report, Fatality Analysis Data Base Development. (Contract 

No. S0110601, Mod. 2) 

Ideally, a systemmatic researcher would analyze the relationship 

of as many variables to accident occurrence as possible until he can 

prove certain factors a.re unimportant or unrelated. This is an 

idealistic inductive approach to investigating accident occurrence, 

in contrast to investigating preconceived ideas or theories about 

accident occurrence. Unfortunately, preconceived ideas about 

accident occurrence too often dominate the data collection and 

analysis of accident data. 

Sometimes, certain variables which seem of little value in a single 

accident, may become important when examining a collection of 

accidents. This was the case in analyzing the job experience 

variable in the original fatal accident analysis. Many Bureau 

investigators never bothered to indicate job experience in the 

earlier fatal accident reports because they didn't realize this 

variable might be important. 
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We believe t.hat as signing a high priority to the strategic gathering 

of additional detailed accident data and related mine data offers the 

greatest hope of meaningful gains in understanding the nature of 

accidents and evaluating the most promising accident reduction 

measures. 
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LIMITATIONS OF ACCIDENT ANALYSIS 

The difficulties of this study and the problems of achieving safety 

have prompted us to look for new ideas. We have discovered some 

new ideas, critiqued some of our old ideas, and will present some 

of these thoughts in this section. 

Every underground coal mine has associated with it a set of 

potentially important safety hazards such as a mine floor with a 

high degree of incline, coal that liberates substantial amounts of 

methane, a roof with a 11brittle top, 11 equipment with an inherently 

high accident history, etc. In a similar fashion, there exists a set 

of behavioral acts which describe the movements and actions of the 

miners on the job. Included in this set would be activities such as 

walking out under unsupported roof, setting timbe rs, or operating a 

machine. Some of these acts and conditions are considered by 

definition to be safe, while others are distinctly unsafe. Still othe rs 

can take as a range of values f r om safe to unsafe depending upon the 

circumstances. Whenever unsafe acts, unsafe conditions or some 

combination of unsafe acts a n d conditions occur, the possibility of 

an accident aris e s and a P otential Accide nt S ituati on is create d. 

22 

! 
i 

~-~~-....... - - ·- ........ -· · ~ ~~·· ~ · ~ -~- · • ·--~· ·- ---- -- - • _j 

THEODORE BAf<i=(Y AND /\SSOCiATES 



'• -_,,_ - -·-·" ·······- --··-·----~--·--·----·------- --------····- ·" ...... ... -· ··- ··-·-· .. ...... -- ... - .• l 

Every Potential Accident Situation has associated with it a set of possible 

outcomes. Listed in des c ending order of severity, they are: 

• Fatality: results in the subsequent death of the accident victim 

• Lost Time Injury: prohibits the injured person from performing 

effecient ly the work of a r e gularly established job, which is open 

and available to him, throughout a full shift. 

• First Aid Injury: permits the injured worker to perform effec­

tive ly throughout a full shift in a regula rly e stablished j ob. 

• Near Miss: involves a potential injury producing occurrence 

which does not result iri bodily injur y . (For e xample , a roof fall 

that occurs n e ar the work pla ce or in the work place while miner 

was eating lunch,) 

• Potentially Dangerous Incide nt--No Occurrenc e : exi sts when 

unsafe ac t s or unsafe conditions have c ombined in a manner 

that typically results in an accidental event, but the event fails 

to occur. (F or example, a miner roof bolts w i thout using 

temporary support, or h e stands unde rne a t h unsupporte d roof 

unne cessarily and no roof falls occur.) 

E x hibit 1-1 illustrates thi s theor e t i cal conce pt of accide nt occurrenc e . T h e 

number of outcomes of any p a rticular Potential Accident Situation are dis-

tribute d among the five categories accordi ng to a probability distribution 

s irn ilar to tha t diagrammed on th e fo llowin g p age: 
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EXHIBIT 1-1 

POTENTIAL ACCIDENT SITUATION EVENT RATIOS 

Number of 
Outcomes 

? 

? 

? 

40 

l 

Fatality 

-

Lost Tirne 
Injury 

- ---

First 
Aid 

-

Near 
Miss 

- ----

Potentially 
Dangerous 
Accident-No 
Occurrence 

The figure shows that a lost time injury accident is more likely to occur 

than a fatal accident. In underground coal mining the ratio of reported 

lost time to fatal injuries historically exceeds 40, and injuries requiring 

simple first aid have been more numerous than reported injuries. Fur-

thermore, whether a fatal accident or a near miss is the consequence 

of the particular combination of unsafe acts and unsafe conditions which 

produced the Potential Accident Situation (PAS) is simply a matter of 

chance. In most cases the severity of injury depends on minute variations 

of circumstance, For example, a roof fall hitting a foot instead of the 

head or shoulders or an object hitting an eye instead of the forehead are 

almost indi s tir,guishable events in terms of causes and preceding events. 

It is important to note that every PAS has associated with it a unique pro­

bability curve of outcomes. Some accident situations may have outcomes 

more he avily skew e d towards the fatality end such as massive roof fa ll or 
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mine fire situations. Others, such as a miner walking in the dark and 

approaching a timber lying in a passageway would be more heavily skewed 

towards the No Occurrence end since the chances are the miner will 

only receive a cut or a bruise if he is injured. 

The fact that the number of fatalities or even lost time injuries is such a 

small percentage of the total number of possible outcomes associated with 

any PAS suggests why fatality accident analysis and/or non-fatal accident 

analysis fail to provide definitive descriptions of all the factors contributing 

to underground coal min.e accidents, especially in a single mine. The total 

number of accident cases is too small for meaningful analysis except 1n 

those cases for which a given cause is a critical factor in all the accidents. 

A mine with 200 men employed will work approximately 400,000 hours per 

year. At a typical level of 40 reported lost time injury accidents per 

million man-hours, the mine would report 16 lost time accidents a year. 

Similarly a mine with 50 employees would expect about 4 lost time accidents 

per year. Each mine will have a small sample of accident cases, and 

analyzing accident data from several years to obtain a bigger sample risks 

including obsolete data. Moreover, if the information collected contains no 

more details than those reported on Bureau injury or State compensation 

forms, the value of causal accident analysis is almost precluded. Hence, 

only a few of the large companies operating a number of mines are able 

to t a ke a dvanta ge of accident analysis. 
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Obviously enlarging the data base of cases that identify causal accident 

factors will help the process of measuring hazards. A more systemmatic 

collection and analysis of data surrounding all accidents including first aid 

injury cases would sighificantly improve the measurement of potential 

mine hazards. To the extent that the U.S. Bureau of Mines enlarges the 

amount of detail to be collected in accidents reported to the Bureau, a 

far 1nore precise analysis of hazards will be possible, 

Most Bureau officials who agree with the above observation theoretically 

object to enlarging the accident reporting forms for several of the 

following reasons: 1) m.ine personnel will refuse to fill out longer forms, 

2) more details will tend to be incriminating, 3) unless the Bureau invest-

igates the accident, the information will often be disguised, 4) analyzing 

more data is too expensive, and 5) the causes of accidents are already 

known; the problem is to get companies to comply with regulations, There 

is merit in some of the above reasons, but we believe that some of these 

objections are worth review. 

Using more paper and more questions does not necessarily imply requiring 

longer amounts of time to fill out, code, and keypunch an accident report 

form. Structured questionnaires are faster to fill out and certainly faster 

to prepare for computer processing than narrative replies to open ended 

questions. Moreover, more accuracy, reliability, and volume of data can 

be obtained with well designed fonns. Many states have removed the threat 
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of incrimination in their accident report collection and analysis process. 

The cost of analyzing more accident data versus other alternatives has 

proved cost effective to those companies who have tried it as part of their 

program to achieve excellent safety records. The argument that the 

causes of accidents are already known is too simplistic. Safety problems 

are continually changing and safety efforts need to emphasize those areas 

creating the greatest hazards. 

Even with excellent detailed accident data and analysis, identification 

of problems through accident analysis is after-the-fact. The best time 

to identify problems is before accidents occur. After considerable research 

on various approaches to safety achievement, we are impressed with the 

potential of Critical Incident Technique (CIT) for defining in advance the 

causal factors relating to potential underground bituminous coal mine 

accidents. 

CRITICAL INCIDENT TECHNIQUE 

The Critical Incident Technique (CIT) is a mechanism for identifying factors 

which have contributed to actual or potential accident situations. It allows 

the researcher to catalogue the circumstances surrounding not only actual 

lost time injury and fatal accident situations, but first aid, near miss, and 

no occurrence incidents as well. Because it considers all Potential 

Accident Situations, a very large data base can be collected in a very 

short period of time. 
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The CIT is an outgrowth of the Aviation Psychology Program of the US 

Army Air Forces in World War II. Originally used as a method of 

collecting data to study psychological problems, its value as a method for 

determining the causes of industrial accidents was not established until 

1963. 

A study by William E. Tarrants at a Western Electric Company plant in 

New Jersey concluded that the method dependably reveals causal factors 

in terms of behavioral errors and/or unsafe conditions which lead to both 

injurious and non-injurious accidents. Furthermore, the total amount of 

inform.ation about accident causes obtained with the CIT is greater than 

that obtained by any other available method including accident analysis. 

The procedures involved are fairly simple and are outlined below: 

l. Select a stratified random sample of workers. 

2. Designate an observer /interviewer. 

3. Interview members of the worker groups who have performed 

particular tasks under certain envir onmental conditions within 

a given time period, asking them to recall and describe all 

the unsafe acts which they h a ve performed or which they have 

obser ved othe rs perform while in tha t s itua tion, as well as 

any other unsafe acts or conditions which have come to their 

attention in conjunction wit h their jobs. 
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4. Classify each of the above incidents into hazard categories 

from which the behavioral and environmental causal factors 

relating to each category can be derived. 

The use of the CIT may induce some important perceptual and behavioral 

changes in the workers. First, it may demonstrate to the workers that 

the company cares about safety, assuming the company reacts and does 

something constructive about the hazards i dentified. Second, it may 

encourage the workers to look for hazards that they can report in the next 

interview. It may make the workers more conscious of performing wisafe 

acts because these unsafe acts get reporte d in the interviews, It is 

interesting to note that one company with an enviable mining safety record 

has incorporated many of the elements of CIT with their formal safety 

program. 

The CIT is not a panacea, however; it does not provide a reliable 

assessment of the expected accident freque ncy associated with hazards 

nor a solution to the h a zards . The value of CIT is that it i dentifies hazards 

quickly and directly from the group most closely associated with the hazards. 

Where it has been trie d, the t e chnique has identified more hazards than 

the regular s afety engineer s could ide ntify! 
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! CHAPTER 2 

RECOMMENDATIONS FOR BUREAU ACTION 
AND FURTHER RESEARCH 

Some of the following recornrnendations concern features of U. S Bureau 

of Mines programs already under development. This study was not directly 

concerned with these programs but we hope these recommendations will in-

fluence those programs 1n a constructive way. 

We recommend that the U . S. Bureau of 1"1.ines utilize existing accident data 

that has been proven to be 11predictive11 in a more effective manner. Specifi-

cally, we recommend the following: -

• Job Inexperience Monitor. We recomme:.i.d the Bureau Health 

and Safety Organization monitor all reported mine accidents 

on a mine-by-mine basis for evidence of the job inexperience 

factor. The magnitude of the 11 job inexperience 11 factor rn 

accidents has been verified in this report as the nun1.ber one 

correlative accident factor in underground coal mine accidents. 

Evide nce of a strong job inexperience factor in accidents in-

dicates defective job training and job assignn1.ent practices in 

the mine . The inexperience effect may be difficult to com-

pletely eliminate, but British and German coal mining industry 

experience suggests that job training, job certification, and 

special supervisory programs h a ve significantly controlled 

this problem and thus dramatically decreased accident rates in 

underground coal mining. 
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• Individual Mine Accident Analysis Program. That 

the Bureau Health and Safety Analysis Center develop 

a computerized feedback analysis program for mine 

accidents from individual mines and from clusters of 

similar mines for the benefit of both district and sub-

district Bureau niine inspectors and mine manage-

ment. This computerized a.nalysis program would 

incorporate statistical forecasting techniques (such 

as exponential smoothing) to calculate meaningful 

accident averages and variances to track progress 

and trends in accident occurrence in individual mines 

and ca re fully selected clusters of similar mines. The 

computerized analysis programs would also apply 

statistical decision rules to accident frequency rates 

to detect genuine versus only apparent changes in 

accident occurrence rates. 

Most individual mines have too few accidents to be 

analyzed on a meaningful basis more often than once a 

year. However, by careful grouping of the accidents 

from mines with similar characteristics in terms of 

equipment, size, s e a.m h e ight, roof control plans, 

etc., more frequent statistical analyses are possible. 
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After interviewing large numbers of mine managers, 

company safety personnel, mine foremen, and Bureau 

safety personnel, we a re convinced that these men 

strongly desire and really need much more feedback 

about the relative importance of current accident 

problems and hazards in individual mines. Having 

both the accident profile of the m ine to be inspected 

and the typical accident profile in similar mines 

would greatly assist mine personnel and Bureau 

mine inspe ctors in adjusting their e fforts to solve 

the most serious problems. Also, having an accom-

panying elaboration of the most serious accident 

problems with sugge stions for accident prevention 

would make the data more meaningful. If, for ex-

ample, a mine had haulage accident problems, the 

inspector might not find any Bureau regula tions i n 

violation on his inspection tour. However, he could 

spend some time emphasizing tips for safer operations 

of the m i n e haulage sys te m to the fo reman in charge. 

Also, from the mine management side, if the mine 

management can be shown the e vidence why c e rtain 

h a ulage procedures or e quipment s h ould b e changed 

to prevent accidents, the mine management is more 

likely to respond to suggestions for safer operation. 
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Fortunately, the operational cost of implementing this 

recommendation should be small after the initial com-

puter programming was performed. Most of the data 

is available in Bureau computer files now and we .under-

stand plans are under way to provide summary reports 

of accidents on a mine-by-mine basis. Most large 

digital computers can perform all the calculations that 

we are recommending in the same amount of time re-

quired to print such reports, thus the additional cost 

of providing more meaningful data should not be 

significant. 

As inspectors learn what data is available, they will 

most likely increase the number of special inquiries 

for data. Inspectors tend to have· specific questions 

regarding accident occurrence that concern particular 

safety problems they are trying to resolve. For ex­

ample, an inspector may be concerned about typical 

types of accidents concerning a particular type of 

locomotive or certain types of roof support plans. 

The advantages of a central data base can only be fully 

realize d when large numbe r s of t h e se type s of potential 

users can gain access to the information in the data 

base. 
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• Inspection District Accident .Analysis Reports. We 

recommend the Bureau Health and Safety Organiza-

tion periodically perform special District and Sub­

district accident analyses similar to the one in this 

study to better identify the unique problems in each 

area. This recon1mendation is a slight variation 

of the previous recommendation which emphasized 

the domain of an individual mine with unique charac-

teristics. This recommendation emphasizes the 

district inspection n~anagement prcblem for alloca-

ting inspection time and shifting inspection emphasis 

on districtwide safety problems. Becauae certain 

types of mines are too dissimilar, it may seem more 

logical to develop a regional clustering of accident 

data, however, we have observed some dramatic 

differences in accident occurrence and problems in 

similar mines which are separated by only a state 

boundary line. Also, some accident variables are 

more universal and should b e tracked on a district-

by-district basis. Examples of these factors are 

job inexperience in accidents, belt versus locomotive 

haulage a c cid ent rates, roof bolting a ccidents rates, 

etc. 

Unfortuna tely, the accident analyses shown in this 
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report is slightly biased because some of the 

smaller mines and a few large mines are not included 

in this accident sample from the Pittsburgh Seam and 

a Bureau sub-district area. Moreover, the data is 

somewhat biased by the accident reporting practices, 

prior to April, 1972, which understated minor injury 

accidents. Nevertheless, the data revealed important 

unique accident characteristics of individual mines and 

in clusters of mines belonging to the same company. 

The accident characteristics of the sample mines , as a 

whole, differ significantly from the national accident 

data compilation as shown in Chapter 4. To truly ap-

predate the significance of the uniqueness of accident 

problems of one region, one must perform a similar 

analysis of each region. Then, certain unique regional 

work practices (such as rotating shifts, job training 

and job assignment policies for new men, and roof sup­

port practices) can be better understood in terms of 

their relationship to a ccidents. The investiga tors form­

ed a number of hypothesis on the relative merits of 

some of these practices, but can offer only weak em-

perical evidenc e to support the se hypothese s u ntil the 

contrasting practices in other regions are thoroughly 

investigated. 

' I 
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We recommend the U. S. Bureau of Mines conduct special studies as 

soon as possible to extend empirical predictive knowledge about factors 

associated with accident occurrence and control. We believe that several 

topics are worthy of special consideration: 

• Special high accident occurrence problems in each region. 

• 

We recommend special studies be performed in conjunction 

with regional accident analysis or analysis of accident prob-

lems associated with certain clusters of similar mines, 

or mines with similar problems. Special studies involving 

limited data collection could be performed at reasonable 

costs on major accident problems. For example, a selec-

ted sample of mines with excessive numbers of roof fall 

accidents or equipment accidents could be asked to fill out 

expanded accident questionnaires and provide certain help-

ful mine data for the purposes of developing a special data 

base on the mines and their accidents. Special analysis of 

this data base may reveal valuable new insights into prob-

lems. Comparison of these problem mines, with mines 

which have similar equipment or conditions and low acci-

dent rates, may also provide some new answers to old 

problems. 

Controlled job training experiments. A variety of training 

approaches are being tried, 2_nd opiniot::s differ sharply in 
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the industry about their effectiveness. Training experiments 

where workers are tested before and after training, and are 

carefully evaluated on their accident performance before and 

after, will help clarify which techniques are truly the most 

effective in terms of safety and productivity. It goes without 

saying that considerable time and money will be saved if 

training ideas are thoroughly tested before widespread dis-

semination, rather than to let a series of training fads sweep 

the industry and create widespread disillusiorunent. 

• A Revised Pittsburgh Seam Accident Analysis. The new non­

fatal injury accident reporting system implemented by the 

Bureau as of April 1972 provides a new opportunity to extend 

and refine the accident analysis from the 15 mines performed 

1n this study. The accident analysis in this study has reveal-

ed some promising topics for future research. 

In 1971, the mines that we studied in the Pittsburgh Seam had 

an average accident rate of 5. 9 per million man-hours. This 

is nearly 9 times lower than the national average of 50. 75 per 

million man-hours. Possible reasons for the relatively good 

to excellent safety record of mines in the Pittsburgh Seam are 

as follows: 

The Pittsburgh Seam has rnany large mines owned 
by large companies with sufficient resources to 
provide adequate equiprnent, support services and 
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staff for safety programs, inspection, job train­
ing, mining engineering, equipment maintenance 
programs, etc. However, merely having the 
resources does not guarantee results in better 
safety records. ln our opinion, the key factors 
seem to be the attitude of management and the 
willingness to stress worker training programs 
and to invest in the development and training of 
quality supervision. 

The Pittsburgh area has a labor practice of ro­
tating shifts. This means that every worker and 
his crew will alternate working between the day 
and night shifts. This reduces the perpetual prob­
lem of workers with seniority (from the second or 
third shift} bidding for and obtaining jobs on the 
more popular first shift. 

The labor force in the Pittsburgh Seam seems 
to be more expe rie nc ed and mo re st2. ble than in 
many areas we have visited. The Pittsburgh Seam 
mines have provided more steady employment and 
possibly are able to select and retain more desir­
able workers than are mines in many areas. 

Does the apparently better safety record of the selected 15 mines 

in the Pittsburgh Seam mines mean that these mines are safer than 

most coal mines in other underground seams in the United States? 

The investigators believe the mines in this study have superior -

safety records, but cannot determine, with certainty, the degree 

of superiority. Reported rates are substantially lower than the 

national average, but one safety director has stated that he thinks 

the true accident frequency rate for the Pittsburgh Seam mines is 

closer to 30 vs 6 per million man·-hours. Even to reduce all mines 

to the national accident frequency rate average of 30 accidents per 

million man-hours would be a significant improvement. 
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The problem of d e termining the true accide nt frequency rate 

for the Pittsburgh Seam lies with the policy of some large 

companies to try to keep an employee on the payroll. This is 

c~rtainly a very desirable thing to do from the employee 1s 

point of view; it keeps hin1 productive, he receives income, 

and it aids in his psychological recovery from the injury. 

Howev e r, it ha s not helpe d the study of past accid e nt statis-

tics. Only lost time injuries were reported to the Bureau up 

until April 1, 1972, and if the employee could be kept busy in 

anothe r less dema nding occupati on, no lost time wa s r e corded. 

Some companies keep their own internal records on serious or 

disabling i njur i e s as distinct from lost time injurie s , but i n 

the past the s e have not been a v ailable for public r e cord. 

The new accident reporting requirements , instituted April 1, 

1972, should record a ll the disa bling injuries, whether or not 

lost time w a s involve d. A repeate d analysis o f 1972-197 3 

accidents from the same mines covered i n this study should 

yield more a c cura te analysis of j ob ine xpe rie nc e and sub s ti-

tuti on effects, the two most unive r sal safe ty proble ms i n 

underground coal minin g. 

We w ould a l so r ecom m end extending t h i s re s e arch t o a ccide nt 

factors in the Pittsburgh seam versus other regions. We would 

study diffe r e nces and simila ritie s in a ccident factor s b e tween 
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the Pittsburgh Seam and one or more seams or areas in 

other regions of comparable size. West Virginia has a 

reported accident rate considerably higher than that of 

the mines studied in the Pittsburgh Seam. We believe, 

based on limited observations, that some of the general 

differences found in West Virginia would be: 

Non-rotating versus rotating shifts 

Higher absenteeism and job turnover 
rates 

Fewer hours of job training 

Smaller mines which are less capital 
intensive 

Less qualified foremen 

Equipment less well maintained. 

Stronger production pressure on super­
vision 

Do these factors in fact correlate with accident occurence? 

The mines in our study did not provide a broad enough range 

of values to be representative of the extremes present in the 

industry or to test completely the correlation of these factors 

w i th accident rate s. 

• Effects of 1970 Roof Control Plan Changes on Roof Falls. This 

would b e a systematic follow-up of sample m ines t hat significantly 

changed their roof control plans in l 970 to see what results have 

been achieved. For example, w e understand many mine s in the 
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old District No. Z were required to adopt "positive support' 1 

plans, i. e,, either bolts or cross-bars. A careful compari-

son of roof fall accidents for two years prior to and after the 

change might provide valuable insight into the effectiveness of 

the changes. Obviously, a number of adjustments or ciassi-

fications must be made for whether roof falls occurred during 

advance versus retreat cycles, or occurred under unsupported 

versus temporarily supported versus fully supported roof(s). 

Other factor adjustments might be roof area supported, aver-

age in overburden, production rates, equipment changes, age 

of roof, etc. 

• Job Enrichment and Social-Technical Job Experiment s. In the 

Pittsburgh Se am mine s studies , the absenteeism rate was typi -

cally l 0% ranging from 5% to 16%. We understand these rates 

are considerably below the national average and that c e rtain 

regions h a ve typical rate s about 20%. High a bsente e ism, high 

job mobility (20-30% of the underground miners shifted job 

classifications in 1971), and relatively high job turnov er 

(worker s entering a nd l eaving the industry) a r e all cos tly to 

the productivity of the industry, and strongly suggest great 

worker dissatisfation with mining jobs. 

Job enrichment experiments in other Unite d States industries 

have proved that jobs can b e made more int eresting and more 
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satisfying to workers and more productive at the same time. 

Social-technical system experiments in underground coal 

mining in Britain, conducted by The Tavistock Institute, 

have shown that revised organization of work groups which 

better fit the interdependent work cycles of coal mining have 

yielded dramatic dee reases in absenteeism, accident 

rates and turnover, (Trist, Higgin, Murray, and Pollock, 

Organizational Choice, Tavistock Publications• 1963, 

London), In contrast to the common sense asswnption 

that less job mobility or job posting will yield greater 

safety and productivity in United States coal mining, the 

Tavistock experiments encouraged significantly higher job 

task variety and reduced accidents by 50%, Clearly, the 

answers are not simple, but the point is that enough is now 

known about worker motivation and job satisfaction to begin 

applying some of the se principles to U, S, underground 

coal mining, 

We believe that the Bur e au could make a significant contri-

bution to both safety and productivity by joining with union 

and industry groups to sponsor a series of experiments 

applying job enriclunent and social-technical system 

principles, 
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• Experiments with Job Certification. A large number of 

mining accidents, especially equipment related accidents., 

occur with inexperienced or substitute workers in the job 

classification. The evidence strongly suggests that limit-

ing certain-jobs to certified workers who have passed an 

examination, proving their qualifications to operate equip-

ment or perform the job tasks, will significantly reduce 

accidents. Mining workers must have drivers licenses to 

drive to work and most of their teen-age children undergo 

extensive drivers education courses to prepare them to 

drive an automobile. Mining workers, on the other hand, 

typically learn to operate equipment on their lunch hour 

and are often allowed to become operators of this equip-

ment with their foreman's permission. Mining equipment 

costs many times the value of an automobile; it is far 

more complicated, with numerous hydraulic controls, and 

it is operated rn a hazardous environment. Job certifica-

tion is not a panacea, but it would seem to be a very cost 

effective way of reducing accidents. We recommend that 

the Bureau begin developing and testing certification pro­

grams for jobs that require use of mining machinery. We 

do not rec ommend that job certification b e adopted without 

careful study of its cost versus the results achieved in 

actual field experiments. 
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• A Critical Incident Demonstration Program. The Critical 

Incident Technique, applied in worker interviews, has been 

shown in experiments to be superior to accident analysis or 

safety inspections in identifying hazards m a work environ­

ment. As was explained in the description of the Critical 

Incident Technique 1 s applicability to industrial settings, it 

is the workers themselves, the potential accident victims, 

who are 1n the best position to observe deficiencies in 

worker behavior or in the envirorunent. They are the only 

ones who can describe specific Potential Accident Situations 

whose outcomes were a near miss or no occurrence, since 

this information is seldom, if ever, reported to anyone. 

Furthermore, it is the workers themselves who ultimately 

have a major shared responsibility with mine management 

for making their working environments and own actions 

safer. Hence, we believe that the technique is worthy of 

examination and trial in underground coal mining. 

• Other Prediction Factor Investigation Studies. The contractor's 

earlier studies, the Industrial Engineering Study of Hazards 

Associated with Underground Coal Mine Production, Volume I 

and Fatality Analysis Data Base Development analyzed the job 

inexperience factor in fa tal accide nts, but this study was the 

first to survey actual job experience and job mobility in the 
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appropriate working population in the industry. Thus, this 

study contrasted the job experience of accident victims versus 

the worker population, and obtained a truer measure of the im-

pact of the factor on accidents. We hope that future research 

will investigate other pro1nising factors identified in the fatal 

accident data base by gathering appropriate data to properly 

contrast the accident data with the population data. Since 

these promising factors are discussed in these e arlier re-

ports, it would be inappropriate to duplicate a discussion of 

these factors in this report. 
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CHAPTER 3 

ACCIDENT ANALYSIS FOR THE 
PITTSBURGH SEAM 

DEVELOPMENT OF THE INJURY DATA 

The initial aim in collecting the non-fatal injury data on accidents that had 

occurred in the Pittsburgh Seam was to cbtain more detailed information 

than h;;td pr eviou sly be en reported to the Bureau of Mines, particularly data 

relating to job task -experience and training. To accomplish this objective, 

the majority of companies operating mines in the Pittsbu!'gh Sean~ in 

Pennsylvania were contacted. The objectives of the study we::re explained 

and their cooperation was requested in releE•.sing i!·1formati.on on non-fatal 

injuries. Co.mplete anonymity of data sourcc:s was assured. 

Those companies that indicated a willingness to cooperate were visited 

by one of our consultants who 2,gain explained the purpose of the study. I.a 

those cases where permission was granted to examine the indiYidual 

accident records, it was g enerally necessary to visit the mine site to obtain 

the accich:nt records. Whenever possible the consultant also visited rmdcr-

ground to see the actual mine conditions and working practic~s. Details 

of each injury were recorde d onto Lhe Accident Report Form (Appendix 3-1) 

except in the cases wh~re copies of the state wo·rkers compensation form 

(Appendix 3-2) were obtained, Both the.se fo1·ms listed details on the victim, 

his experience, the type of accide nt and the circmnstances surrounding the 
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occurrence. Efforts were also made to collect data on the job task ex­

perience of the victim (the experience the victim had in performing the 

task in which he was involved at the time of the accident) and on job sub-

stitution, especially instances incurred because of absenteeism. As ,ve 

mainly had to re 1 y on historical records, however, very little info rrria tion 

could be obtained on either of these variables. The information that could 

be obtained from. the injury forms was coded onto punched cards for sub­

sequent computer analysis. The layout of the punched card is shown in 

Appendix 3-3. 

A significant problem associated with the d e velopent of the accident data 

was that it represented only accidents which caused lost time disabilities 

as defined by the rules prior to April 1, 1972 for reporting non-fatal 

injury accidents to the Bure au of Mines. It was the policy of s ome com-

panies, especially large companies with captive coal mines, to maintain 

an injured employee on the payroll if he could report for work and could 

be r eassigned a t emporary job. This policy has b een shown to minimiz e 

the absenteeism time taken by injured employees and has certain economic 

benefits to both the worker and the employer c ompany. However, the non­

uniform application of this policy from m ine t o mine a nd from c ompany 

to company makes valid comparison of accident statistics almost impossible. 

It also tends to understate the accide nt occurrence typically reported by 

the l a rge mines in the indust ry. 
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NORMALIZING THE DATA 

An analysis of accidents that is confined solely to the accident statistics 

alone does not give any information about the relative frequency of 

accidents, or about the people who do not have accidents. For example, 

we know that the roof bolter in the Pittsburgh Seam is involved in more 

non-fatal accidents than any other job classification. Does this mean that 

the roof bolter is the most accident prone occupation, or are the number 

of roof bolters greater than other occupations and hence their share of 

accidents greater? The only way to answer these questions is to view 

the data on accident victims against the background data for the mine. This 

means determining the total number of miners in each occupation and 

calculating the accident rates for each occupational group. Additional 

factors that require substantial background data to permit meaningful 

analysis are the ages, job experience and total underground experience of 

the mine population. The process of comparing data on injured miners to the . 

·background data of all miners 1s called normalization. It permits an 

evaluation of the statistics on injured miners that highlights factors p e culiar 

to the injured miners as distinct from the total mine population. 

The normalizing data for the Pittsburgh Seam was obtained by contacting each 

of the mines that had agreed to make their accident data available to us and 

asking for their help in obtaining the nonnalizing data. As an aid in com-

piling the information w e distributed to each company five working sheets 

to summarize the needed information (Appendix 3-4). We had hoped that 

48 



much of this information might be available from company records. However, 

some of this information soon proved difficult to obtain. For example, 

it is often the case that a company has absenteeism records but they are 

not in such a form that one can ascertain or summarize how many men 

were absent in each job classification throughout the year. Similarly, job 

posting records are kept but they are not kept in a form that is easy to con-

dense and summarize. While most mines could readily list the number of 

men employed during the past year under each occupation, it became more 

difficult to obtain the ages of these men. Many mines had difficulty in listing 

the number of men leaving the mine or hired during the year and no record 

was kept of the number of manhours worked for each occupation. Data on 

miner job experience was initially unobtainable. 

The preliminary findings in this study indicated the importance of job 

experience as a factor in accidents. It was thus imperative to obtain infor-

mation on job experience of the general mme population to provide a back­

ground with which to view the job experience of injured miners. This in-

formation could only be obtained by taking a direct survey of the miners 

involved. To help facilitate this task, we designed a questionnaire 

(Appendix 3-5) to be distributed to all the mine foremen, and asked that 

the foremen directly poll the miners under their control. To facilitate the 

cooperation of the mines, w~ restricted the survey to the four or five 

occupations showing the highest probability of accidents, namely roof bolter, 
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shuttle car operator, motorman, loading machine operator, and continuous 

miner operator. This method proved successful, and we were thus able to 

complete the normalizing data. 

We are extremely pleased with the cooperation and help shown by the 

mines in gathering data and would like to record here our sincere 

appreciation and thanks. We believe this to be the first really comprehen-

sive normalization effort on job experience in any major coal seam or coal 

mine production area in the Ur .. ited States. 

NATIONAL ACCIDENT DATA 

The Pittsburgh Seam tends to be unique in that it is relatively uniform in 

geological structure and is minetl by several large well-run companies. 

Only comparisons to national accident <la.ta put the Pittsburgh Seam in per­

spe ctive with the whole U, S. A. and highlight those areas for which are 

representative of the national scene, 

National accident data is compiled by the U.S. Bureau of Mines. All mines 

in the United States are required by statute to report injuries to the Bureau. 

Prior to April 1, 1972, few details were collected about non-fatal lost 

time accidents. On April 1, a new accident reporting form was intr o duced 

that required more information on each disabling injury, whether or not lost 

time was involved. All fatal accidents have b een fully inve stigated by the 

B ur e au and r e porte d in a na r rative report fo r a numbe r of years. 
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Each accident reported to the Bureau is coded for computer processing. 

The 1971 computerized injury data file contains information on the cause 

of accident, part of body injured and the victim's occupation. Although 

space was provided on the computer tape for details about the victim's 

age, experience and place of accident, this information was not initially 

available. It was later partially obtained by merging the accident file with 

the employee history file as explained below, 

Since the latter part of 1970 the U.S. Bureau of Mines has also been compiling 

a data bank on employees in connection \dth the respirable du.;:;t sampling 

program, This is as a result of the 1969 Occupational Safety and Health 

Act regulations concerning control of black lung diseases, This employee 

history file includes information on the age, experience (20% response), 

occupation at the time of each dust sample, and type of mine, In May, 

1972, this file contained data on over 75,000 miners from 1,600 mines. 

The file is being continuously updated as more miners submit dust samples. 

This employee history file has proved very useful in providing normalizing 

data for the national accident data and in providing age and underground 

experience information for the injury file. 

The Bureau also has computerized information on each mine. This includes 

the number of men employed, annual man-hours worked, tons of coal 

produced and the seam thickness. This is the employment data file. 
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At our request, the U, S. Bureau of Mines Automatic Data Processing 

division in Denver gave Theodore Barry and Associates edited copies of 

the injury file, employee history file and the employrnent data file. These 

were edited to exclude all personal identification. In addition we were given 

a copy of the 1971 accident file matched by social security number and merged 

with the employee history file and employ1nent file. The flow chart depicting 

the creation of the data base from the three files used for the study is shown 

in Figure 3-1. 

From this new data base, we were able to obtain information on the age 

and experience of the accident victim together with data on the mine where 

he was working. Unfortunately, only half the 1971 injuries had social security 

numbers that matched with the employee history file, and the merged file 

contains only 3,921 of the 7,979 accidents recorded in the injury file. 

Consequently total underground experience statistics were available in only 

10% of the cases and the age of the injured miner and the type of mine 

in only 50%. It was felt, however, that this was sufficient to give a 

reasonable indication of the ages of the injured miners and the type of 

mine where they worked. 
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EXHIBIT 3-1 

FLOW CHART 

(Depicting the creation of special tapes used in this study) 

1970 

Sort 
on 

Mine I. D. 

Create 
File #2 

( Exe ludin g per s o:.~a.l 
identification, etc.) 

File #2 
Matched 

Employment 
& Injury 

Data 

Sort 
on 

S.S. Number 

19 71 
Injury 
Data 

Sort 
on 

Mine I. D. 

Employee 
History 

File 

Sort 
on 

Social Security 
Number 

Create 
Files #4, 5, 6, 7 

(Excluding personal 
identification, etc. ) 
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METHODOLOGY FOR DATA ANALYSIS 

A total of 443 non-fatal accidents in the Pittsburgh Seam covering the years 

l 
1966 through 1971 were analyzed using TB&A1 s INFORM program and 

the National Opinion Re sear ch Center I s Statistical Package for the Social 

Sciences (SPSS). The first step in the analysis was the preparation of fre­

quency tabulations. The 443 accidents were categorized along each of 

several general dimensions including: 

Type of Accident 

Job Category 

Victim Doing 

Job Expe rience 

Underground Experience 

Age 

Time of Accident 

Absenteeism 

Turnover 

Productivity 

Then followed cross-tabulations b e tween many of the factors, for example, 

occupation a nd job experience . 

Whenever possible the frequency distributions and cross-tabulations derived 

for the Pittsburgh Seam accidents were compared and cont rasted with the 

available information on 1971 national accidents which included 7,979 

injuries (106 fatal and r emaining 7,873 non-fatal). 

1. T he y ears 1966 through 1971 w e r e chose n to pr ov i de a sufficie ntly 
large sample for statistical analysis. 
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SUMMARY OF ACCIDENT ANALYSIS FINDINGS 

The detailed study of the Pittsburgh Seam has shown that the presence 

of some factors can have a noticable impact on the accident rate. One 

notable example is the institution of extensive job training for new em-

ployees by one company. Accidents occurring in the first month on the 

job have been reduced. This would tend to indicate that the existence of 

extensive job training in a mine is one factor that will help reduce accidents, 

The detailed analysis of 'each of the factors for the Pittsburgh Seam along 

with national comparisons is given in Chapter 4. A brief summary of the 

empirical findings a bout the accident factors analyzed in the non-fatal 

accidents from 1966-1971 for 15 mines in the Pittsburgh Seam follow. 

Type of Accident: Roof rib and face falls are the most frequent cause 

of non-fatal accidents in the Pittsburgh Seam (30. 7%), followed by haulage 

(30. 0%), machinery (14. 2%) and 1naterials handling (8, 8%) accidents, 

This is in considerable contrast to the mix of accident types for all the 

United States, where in 1971 material handling accidents (27. 0%) ranked 

first, followed by haulage {l 7. 6%), machinery (16. 7%), and then roof 

rib and face falls {16. 5%). As explained in this report, part of this de-

viation represents distortions in accide nt reporting practices; however, 

significant control over equipment accidents have been achieved in the 

Pittsburgh Seam. 
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Most Frequent Job Category in Accidents: Roof bolters are the job cate­

gory most frequently involved in accidents in the Pittsburgh Seam (23. 0%), 

followed by shuttle car operators (10. 4%) and motormen (9. 5%). For all 

the United States in 1971, roof bolters (15. 5%) and shuttle car operators 

(11. 3%) occupied first and second place for accidents, followed by laborers 

(11.0o/o). 

Most Accident Prone Job Category: A study of the average accident rate 

per year by job category per I 000 workers for all types of accidents in the 

Pittsburgh Seam reveals the following statistics: loading machine operators 

(28 p e r 1000) ranked first, followed by roof bolters (24 per l 000), shuttle 

car operators (15 per 1000) and then laborers (14. 9 per 1000). For all 

the United States in 1971, roof bolter s (100 per 1000} ranked first, followed 

by loading machine operator (83 p e r 1000), shotfires (65 per l 000) and 

timberman (64 per 1000). 

Victim Doing and Job Substitution: In the Pittsburgh Seam, most accidents 

occurred while the victim was drilling the roof (7. 7%). This was followed 

by coupling and uncoupling mine cars (6. 1 %), operating machine haulage 

equipment and s e tting props (4, 3%). These activities are in line with those 

expected from ro of bolte rs and motormen. However , 33% of the shuttle 

car operators were injured in activities other than operating a shuttle car. 

This implies that a high degr e e of job substitution occurs in the mines 
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and is likely a factor in accident occurrence. For example, 26% of the 

victims injured while drilling roofs were not classified as roof bolters and 

33% of the miners injured while setting props were not timberm.en (Exhibit 

4-10). Considerable job substitution in a work crew occurs in mining to 

expedite production bottlenecks and to compensate for absenteeism. The 

amount of substitution practiced, however, does not seem sufficient to 

account for the high number of accidents involving substitution. Therefore, 

we believe that job substitution correlates with accident occurrence. Spe­

cial studies measuring job substitution would resolve this question. 

Job Experience: Job experience is definitely a predictive factor in accidents. 

For the Pittsburgh Seam, the data on injured men indicates that 1 in 14 (7. 4%) 

of the injuries occurred during the first month on the job and 1 in 4 occurred 

in the first year on the job. The criticality of job inexperience in accidents 

is suggested by comparing the percentage of miners injured during their 

first year on the job (1966-71) with the percentage of miners who had less 

than a year of experience in a given job classification in 197 2. 3 6. 4% of 

injured roof bolters were injured in their first year on the job, but only 

19. 8% of roof bolters were in their first year on the job in 1972. Looking 

at the injuries occurring in the first month on the job offers even more 

dramatic evidence of the importance of job experience as a factor in 

accidents. 15. 9% of the injured roof bolters were injured in their first 

month on the job, that is, nearly half of all the injuries that occurred to 
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roof bolters with less than a year on the job (36. 4%). And this compares 

to an expected average of 1. 65% roof halters with one month or less job 

experience in 1972. The table below swnmarizes our findings for the five 

most accident prone occupations. 

Pl TTSBURGH SEAM JOB EXPERIENCE 

Less than 1 Year Ex£erience Less than 1 Month Ex:eerienc e 
Injured Pittsburgh Injured Pittsburgh 

Occupation Miners Miners Miners Miners 
1966-71 1972 1966-71 1972 

Roof Bolter 36.4% 19. 8% 15.9% 1. 65% 

Shuttle Car 28.5 19. 6 11. 4% 1. 78 
Operator 

Loading Machine 
Operator 21. 0 12. 19 10.5 l. 02 

Motorman 20,0 12.35 2. 5 1. 03 

Continuous Miner 

OEera~or 7. 6 12. 9 0 1. 29 

Data on coal miner job experience for all the United States is not available. 

However, w e have established that about 30% of the miners in the United 

States changed their job classification at least once in 1970-71, and that 

40-50% of all fatal accidents from 1966-1971 represent victims with less 

than 1 y ear of experie nce in that job classification. Our data strongly in­

dicates the probability of having a fatal accident 1s greatest the first month 
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on the job. For example, excluding mine fires and explosions, 9. 4% of the 

fatal accident victims ( 1966- 71) who were roof bolter s had less than 1 

month experience, but only about 3% of the roof bolters had less than 1 

month experience in the 1970-71 period. Similar figures for timberman 

would be 14. 3% versus 4%. 

It is true that our job experience data in the Pittsburgh Seam and our 

national job mobility data do not correspond to the 1966- 71 time period 

of the accidents. However, the job posting rules increasing job mobility 

became effective in 1968, and thus average job mobility for 1966-71 

would likely be less than the figures we used. Hence, we believe our figures 

are conservative because a lower mobility implies a strong task inexperience 

effect. 

Underground Experience: The average underground miner in the Pittsburgh 

Seam has 25 years of underground experience, but his current job experience 

is only 3 years. For all the miners in the United States, the average under­

ground experience is 16 years. The percentage of injured miners having 

three years job experience or less is higher than the percentage of all miners 

having three years or less experience. 

Age of Victims: The average age of injured miners in the Pittsburgh Seam 

is 50 years with the majority of miners in the 41-65 age bracket, For 

all the United States the age distribution of injured miners is more 
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uniform, but contains a higher proportion of younger workers. A com-

parison of the age distribution of injured and non-injured miners in the 

United States shows that there is a greater tendency for younger workers 

to be injured than older workers. However, the severity of accidents for 

older workers is greater. This age difference may partially account for 

a lower accident rate for the Pittsburgh Seam, based on total industry data. 

Time Factors: The occurrence of accidents is relatively independent of the 

month or day of the week. There is a slightly greater tendency for acci-

dents to occur between the second to third and the sixth to seventh hour of 

work. Fewer accidents occur in the first or last hour of work, probably 

because the mantrips to the work place typically consume 20 to 30 minutes. 

The time interval between accidents has no significant relationship to 

occurrence, There appears to be little evidence of miners' behavior being 

altered at the news of a serious accident or fatality and thereafter being 

rriore cautious or safe. 

Absenteeism: No definite relationship was established between the level 

of absenteeism and accident rates. It was believed that absenteeism would 

affect the degree of job substitutions and the likelihood of inexperienced 

miners working at unfamiliar tasks. Only one out of eight mines for which 

absentee data was available exhibited a high degree of correlation between 
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the level of absenteeism and the accident rate. We suggest that future 

research measure individual crew absenteeism on days-accidents-occurred 

versus non-accident-occurrence-days rather than the gross annual mine 

absenteeism figure used in this study. 

Productivity: There was no definite relationship established between pro­

ductivity and the accident rate within a mine, although for two of the eight 

mines, this relationship exhibited a fair degree of positive correlation. 

Turnover and Job Posting: Turnover, based on the number of men hired 

and leaving a mine, also did not show any definite relationship to the 

accident rate. Nor did job posting (as we were able to measure it) show 

any definite relationship to the accident rate, based on the limited data 

available for the last two years. New job posting rules were introduced in 

late 1968 and did not show full mmnentum until 1971, and then rules changed 

again in the fall of 1971. Nevertheless, the non-fatal accident data in the 

Pittsburgh Seam (1966- 71) and the fatal accident data in the United States 

(1966- 71) indicate a higher rate of accidents occurring for men in new jobs 

during the first three or four months on the job. (See Job Experience above) 

This implies that either a reduction in job mobility or mor e job training, 

certification, and better supervision will be r equired to eliminate this pro-

blem. 
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This chapter has presented a summary of the findings of an analysis of 

accidents in the Pittsburgh Seam. Each of the factors examined will be 

discussed in more detail in Chapter 4, which also presents a graphical 

depiction of the findings. 
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APPENDIX 3-1 

ACCIDENT REPORT FORM 

General Data 

Mine -------------------Company------------------

County ________________ State -----------------

USBM District------------- Subdistrict------- ---------

.Coal Seam # Employees Underground _________ _ ---------------
# Shifts---------- # Working Faces ________ Overburden _______ _ 

# Production Days /Week Daily Tons Normal Face ------ ------
Crew Size ------ - -

Specific Accident Data 

Date _!.__ ...... ! __ Day of Week _____ Time _ ____ Shift ___ _ 

Shift Start Time ______ # of Fatals ________ # Injured----------

Type Accident _ _ _____ Days Lost _______ Part of Body Injured _ ____ _ 

Accident Location ---- - -------------- ----- ----- - - ---

Entry Width _________ _ Roof Height ____ Wet or Dry 

Type of Roof _ ________ --- --- --- Type of Support--------- -- --

Victim Job Classification _ __ _ _ _____ Victim Age ______ _____ _ 

Job Level _____________ _ Total Experience Underground _______ _ 

Job Experience --- --- ------ Experience in This Mine 

Victim Doing ___ ___ ____ _______ Experience At This Task _ _ _ _ _ _ _ 

Training For This Job? _____________ Forem.an Present? _________ _ 

Foreman Experience: Total Underground _ ___ _ _ __ _ 
This Mine Total _____ ____ _ 

Foreman Total 
F ore m a n This Mine ------
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POI.ICY NUMBER 
CO!OfONWEJ.LTH OF PENNSYLVA~ 

DEPART)IENT OF LU!OR A:MD Ufill18TR'l 
BUii.EAU OF WORKKEN'S CO)!PENSATlON 

H.URI8BURO 

EMPLOYER'S REPORT 
OF INDUSTRIAL INJURY 

COAL MINING 
APPENDIX 3-2 

CASE Nt;ME ER 

INSTRUCTIONS 
Reports of lndustrl.al lnjurlcs must be filed "'ith the Department ot Labor and lndostry wtthl.u 4& 

hours tor every Injury resultlng In death, an'1 within 1.5 dBys after the date of lnJury for &II ott,er 
lnjur1cs covered by the \'Vorkmen's Comperu;atlon Act, except those resulting In dJs.abillt>· contlnu!ng 
less than the day shJ!t or turn In which the injury was received. Every quest.Ion musi be answered 
fully, Copy or tltls report must be sent to the Min~ 1.n.!!pector ot the c1latrlct in which this mine Is 
loca.ted and also to your Insurance carrier. 

II 
DO :MOT WRITE :iJf 

THIS COLUlOI 

, EMPLOYER NO. 
11 

11 COU:MTY 

INDUSTRY 

1. Name ot operating coo1pany (Employer/ ................. .. ................ ................... .............................. ............ ., ..................... . DATE 

2. OH!ce address ........................ ......................................... .. ....... ...... .... .. City .......... .. .... ..................... ..... State .............. .. 
BOUR& WOB.lrED 

3. Name of mine or plant ..... ............... .............. . ...... ........................ - ........................................................... - ... ··-··-·········· 
4. Location: State ............................................ County .................................... - ........ Nearest town ...................... ........ ____ A_G_ll! ___ _ 

5. Principal product or kind o[ coal produced .......... .. ....... .................. ................................................. ................. - ......... , ------~ 

6. H mine, typo of mine (underground or open cut ) ........ .......... ..... ~ ............................................................................... ! ooN~)lci~~IOJf 

7. Date or accident ·········---··· ............................ _ Hour ---.. ··-···· ru. 8. Hour employee began work . ......... .... w DEP.ENDD/CY 

9. Date disability begau .................................................. Honr of dsy .................................... ·-···········-···-·-··-········ m 

10 :--:ame ...................................... ................ Address .... - ...................... ...................... Soc. Sec. No . .............................. . OCCO'PATIO)I 

11. Age ....... ......... Sex ............... Check: Sing le ............. ..... ___ Married ...................... ........ ........ .............................. .. 

12· Number o! dependents: Wife ...................... Children .............................. Others ......... ...... ................................ .. .. 
TU(E :Elt:PLOYnl 

13. Occupation when injurccl ..................... ., .................... Was this hia regular occupatlou? ..................................... f---------
WAOE 

14. If not, what was his regular occupation? ..................................... ............. Wages per week $ .......................... . 

(al How long employed by you at this occupat!or1? ........................ (bl Total experience at tb!s occupa .I.OD/CT 

tiou ·1 ....... ... .. ..... .... (c) Total e.xpcrie nce in coal mines ? ....................... . .... . ...... ....................... .. -----11------
15. Did accident occur on company p1·v1>e rty? ........................... .................................................................... .................... . P.ulT 

16. Ir at mine. did accident occur underground? ..................... _. Open·cut .......................... Sur!ace ........ . ., ............. . 

17. II 1.1I1derground, state whether iII shaft, slope, entry, room, breast, etc . ............. -.. . 

18. Ir _!>Urface, state whether at tipple, breaker, tramliue, l)ower plant, shops, etc ..................................... .......... . 

19. It unden;ruund, state wh~ther working In pillar or :rnlid ................... .... _ Pitcb. or tlat ............... . 
tl:M!!UE ACT 

20._ If injured by cars state whether or. slope, entry, room, etc . .................................... .............................................. . --'--- KECK . 'DEJ"E.O't 

21. Wh"' was rnju r~o person doing when accide n t occuz-red 7 ......... _ . .... ... . . . ..... ...... . . ..... . . . .. . . .... - . ............ . . ........ . 

P:Cl!.80.N' n E F 'ECT 

22. Describe fully how acclri ent. occurred .... ... ~ .... - .... ... . .... · . . . ..... . . . . .... ... ... .... . .. - .... . . .. . . . ..... __ ...... ..... . . . . .. 
:MAT'l1ll.E 

LOCATIO>I 

23. Name o! macb.ine, tool, object, or substance involved ............................................................................................... . 

24 . Kind of power used by above machine - ················.. ............. 25. Part o! machine on whicb injury occurred REPORT LAO 

26. Was machine or any part of It detective? ... ..... ................ ......................... .... .. .. 

27. State whether fracture, amputation, Jacern.tioo, bruise, strain, sprain, crushing llljury, etc ............ ............ . 

••• •• • • • • • • • • •••• •• •• •u•••• • • • •h• •• •••• •• • · • • n ••• • • • •••••• • • • •• •• n •n•h-,,.-, , ,,_. , .,.,. ,,,,00,0,<, , ,, ••••••••••-•• ••• • • u , ; h •••••••a. • ••·• •••• •••• ••-.. ou• o•a.• • • • • •·• o,.,,_,.,,, .. ,• t •• • • • ••• 

28. Part or bndy !ujured (bead, right arm. left eye, great toe on Jett toot, Index finger on rigbt hand, etc.) ... . 
PlUBil.lTl' 

.................. .. ...................................... 29. Ir amputation, state part ot body lost ............... .......................... .. ......... a------- -
P.1.YKUT ue 

30. Date physically able to return to work , ..................................... Date a.ctually returned ..................................... . 

31. If in jured employee returned to work, d!d he return to the dutle11 or b.la r egular job, the job on which h e 
TlXE LOST 

we.s injured, or some otber joh (state which i ................................................................... - ...................................... . 
32. Number of calendar days employee was disabled (not lncludlnR de.y of accident) trom e.11 work ............. . W?:EXS DAY I 

-·········-··········-······ ··············-····· .. - ···-·- ·-·····-····-·· .. --.. trom hla regular work ................. ·-··················--··············-······ C,OlllP. 

33. D!d Injury result le. death? ...................................... Ir 10, give date .... .. ............................................... .................... . 

34. Wae. safety appliance or regulation provided? .......... .................................................. ·-···--·-···············- · .......... ·-- ······· .aDIC.I.L 

35. V.' as accident caused by Injured employee's te.ilure to use or observe same? .................. ·-····-··········· .. ···- ··· .. 

36. -Could acd clent h a ve been prevented? ............. -.--.................... H 8 0 , how" ................ ·-····- - ·-···"·····-··--··-······ H- --O- T_Jn:1 _ __ _ 

• •• ' •• • • • • • • •• • • •• • ••••••• • ••• •• • " '' , , .-••• • •• • •• •••H ,., •• - • •• • u •u•-h••• ••-•• ..+- ·• - • • • • • •• • • • •·-• • •• · •••• • • • • • • •••• • •••· • •-·•••••u••• • o• •o -- • u••• • • • •"•· • h •••• .. • • •••• • • • •••• • ••-- ••• • •· 

37 Did the ~ll"QlOye hav-r: t~e los s or log• of ua.e or any nu::mber before ~ccide:r.t ?- ........ .. n . .. , .................. . . .... u ... . ......... . . . .... . . 

(lf •~ , d~s<:rib" the put or th~ body affect~) 
TOT.Al. 

(Signed) 
u·nn,J1ni1)' ,,ff icu, t ,~ wliom l·o rr~:1s:ondecce abould be addr~a.ed} ·,ortklNi l l)(l9 i. tlou > · l>ut• nt Uus re:por~J . 

occ. l>Ill. Tni;;: 
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INJURY DAT A BASE CARD LAYOUT 

Report Code 
Company Code 
Mine Code 
Number of Underground Employees 
Number of Shifts 
Number of 1,Vork Faces 
Average Overburden 
Number of Production Days per Week 
Average Tons Produced Per Day 
Face Crew Size 
Month of Accident 
Day of Month 
Year 
Day of Week 
Time of Accident 
Start Time 
Hours Worked Until Accident 
Number of Fatalities 
Number of Injured 
Type of Accident 
Days Lost 
Part of Body Injured 
Location of Accident 
Entry Width 
Roof Height 
Wet or Dry 
Roof Type 
Type of Support 
Victim Job Classification 
Victim Age 
Job Level 
Total Underground Experience 
Job Experience 
This Mine Experience 
Victim Doing At Time of Accident 
Task Experience 
Injury Type 
Foreman Present 
Job Substitution 
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CONFIDENTIAL 

APPENDIX 3-4 

Page 1 

BACKGROUND DATA FOR THE YEAR: COMPANY __________ ~ ---
Accident Cause and Prevention Study for the 
Bureau of Mines by Theodore Barry and 

MINE NAME ________________ ..::.A..:..s:::....:::.s.:::.o~c..::.i;;::a.::..;te=s.:..-. _______________ .......,....., 
V) 

-~ 
" :.::: 

.fJ 

~ 
~ 

.<,. 
V 

-0 

s ,._:::; 
< 

Shuttle Car Operator _______ _ 

Roof Bolter ____________ ----1------.1-------+----+-----1----+----+----.-.-----J. 

Continuous Miner Opera to r---1-------1----+----+----+----+----1-----4-----1 

C c·;1tinuous Miner Helper ____ -1-------1----+-----+----+----+----1--------+-----1 

Loading M/ C Opera tor ______ -1-----+---+----+---+----1-----i----+----I 

Loading M/C Helper _ ----- _ -1----+----+----+----+----+----l---~---..J 

Cutting M/ C Opera.tor_ -------1-----+----+----~---+---4-----+------'----..J 

Cutting M/C Helper _______ _ 
-i-----+----+------i----+---+----1-----+---~ 

Repairman 
-- - - ----- - - - - ---t----+-----l----+----+----+----+-----1----l 

Motorman ----------------+----+-----+-----+---~---+----+----J.-----~ 

Brakeman -----------------i--------i-----+----1------+----4---·--'----~---...J 
Trackman ----------------t----+-----~----+-------+--~+----+------1-----~ 

Timberman ---- - - -- -- - -----i------t---~----+----+---+----+-----1-----1 

Hand Loade r 
---------------i------+----lf-----+----+---+----+------1--~-~ 

General Laborer 
-------------i-------t--------lf-------+-----+----4-----4-------1-------~ 

Foreinan/Mine Foreman 
-----r-----1------i------t------+-------l------+---------ll----~ 

Other Underground 

TOTAL 
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Page 2 

COMPANY __________ _ 

MINE NAME. _________ _ 

~ 
"' a 
~ 

I'>) 
I 

6~ ~ 

Shuttle Car Operator _______ 

Roof Bolter _____________ 

Continuous Miner Operator 

Continuous Miner Helper ___ 

Loading M/C Operator _____ 

Loading M/C Helper _______ 

Cutting ~/C Operator ______ 

Cutting M/C Helper _______ 

Repairm.in ______________ 

Motorman ____________ ----

Brakeman ---------------
Trackman --------------

Timberman --------------
Hand Loader -------------

Ge·neral Laborer ____ -----

For em.an/ 1.1ine Foreman ---
Other Underground 

TOTAL 

NUMBER OF MEN IN EACH AGE CATEGORY FOR 
YEAR: ___ _ 
Accident Cause and Prevention Study for the Bureau 
of Mines by Theodore Barry and Associates. 

c::) ~ 
~ ;: ~ ~ 

C) ~ ""' 'O ~ I I 
'O I I I I I (lJ 

~ ;;, 'O ~ ~ '6 ::,. I'>) 

""' 0 
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Page 3 

TASK EXPERIENCE FOR THE YEAR: __ _ COMPANY ------------- Accident Cause and Prevention Study for the 
Bureau of Mines by Theodore Barry and 

Associates. MINE NAME 

,_ 

.;J 
Vj 

0 "' ~ ~ t.."' ,.:::: ~ 
...., 

§' § """' 
l-'J ...... ;s § § ,(,,f-'J ;y 

or:, § ~ ~ ~ 'ff '11 

~ u A.,q; :.:, ::...fl) 
~ ~ 'b ,v '<l ...... ....., :.:, "1 ....., "') I 

....., 
I I 

\yr ", i,{-
I I \yr I\..' 'v °' 'v I 

i.r,' C) 'v ", ", 
"') ....., 

., 

..s:l:i-4.G,::«!_ Ca r Operato.1 __ - .. __ 

Roof Bolter ----------- ---
Continuous Miner Operator 

Continuous Miner Helper ___ 

Loading M/C Ope rator _____ 

Loading M/C Helper --------
Cutting M/C Operator ______ 

Cutting M/C Helper _______ 

Repairman ______ ----------

Motorman -----------------
Brakeman --- - ------------
Trackman ---~------------
Timberman ---------------
Hand Loa der --------------
General Laborer ---------

Foreman/Mine Foreman ---
Other Underground 

TOTAL 

68 
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CONFIDENTIAL APPENDIX 3-4 
Page 4 

COMPANY ------------ COAL PRODUCTION 
Accident Cause and Prevention Study for the 
Bureau of Mines by Theodore Barry and Associates. MINE NAME -----------

Year Tons Shifts Worked Days Worked Weeks Worked 
Produced Per Day Per Week Per Year 

1971 

1970 

1969 

1968 

1967 

1966 
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MINE NAME 

CONFIDENTIAL 

EQUIPMENT SURVEY 

APPENDIX 3-4 

Page 5 

Accident Cause and Prevention Study for the 

--------- Bureau of Mines by Theodore Barry and Associates. 

Type Manufacturer Total # in use Average Age or Dates Purchased 

Shuttle car 

Continuous miner 

Undercutting m/ c 

Roof bolting m/ c 

Loading m/c 

Face drill 

Tractor 

Locomotive 

Other 
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CONFIDENTIAL 

JOB EXPERIENCE SURVEY 

Roog Bolters, Shuttle Car Operators, Loading Machine Operators, and 
Continuous Miner Operators 

ine: Foreman: Section: Shift: Date: ------ --------- -------- ------- ----

1.me of Miner Job Classification Age Experience Total under- Number of job 
or in ground mine changes as an 

D. Number present job experience underground 
in months,;, in years miner 

.J"ote: If experience is under one month , please indicate number of days experience. 
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CHAPTER 4 

RESULTS OF THE ANALYSIS OF PITTSBURGH SEAM 
VERSUS ALL UNDERGROUND ACCIDENTS 

Chapter 3 presented a brief review of our Accident Analysis in the Pittsburgh 

Seam. This chapter presents the detailed findings of the analysis. A total 

of 443 accidents occurring from 1966 through 1971 have been examined 

along with over 10 major factors. Appendix 4-1 gives a partial frequency 

tabulation of the factors involved in each accidents. Each of the factors, 

including type of accident, job category, victim doing at time of accident, 

and job experience, is discussed in the sections which follow. Whenever 

possible comparisons are made with the available national accident data. 

Note that this chapter gives special en~phasis to normalizing accident 

miners' occupations, ages, job experience, and job mobility--data that has 

never heretofore been published. 

TYPE OF ACCIDENT 

The type of accident category was divided into 24 classifications. These 

are an extension of the 19 main groups of descriptive causes covering the 

hazards of daily work that was developed by the Bureau of Mines through 

many years of analyzing descriptions of accidents resulting in injuries. 

Five additional classifications that are subgroups of the original 19 were 

developed by Theodore Barry and Associates to meet the special needs of 

this study. Three of the additional class ifi cations distinguish between 
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different types -of haulage accidents. and the remaining two are additional 

subgroups of the material handling and explosion categories. They were 

developed to facilitate immediate identification of these accident categories. 

Exhibit 4-1 shows that roof falls constitute the major type of non-fatal 

injury, followed by main-line haulage, machinery and materials handling. 

Other minor categories then follow. For the complete classification, the 

reader is referred to the frequency distribution in Appendix 4-1 • 

Combining the roof, rib and face falls, and all the haulage-type accidents 

gives the distribution as shown in Exhibit 4-2. This is directly c01nparable 

to the national classification of type s of accide nt shown in Exhibit 4-3. 

Note that for the Pittsburgh Seam, the roof, rib and face falls are the number 

one type of accident, 30. 7%, very closely followed by haulage-type accidents 

at 30. 0%. Then follows machine ry ac c idents, 14, 2%, arrd material handling 

accidents at 8. 8%. This is very nearly in the reverse order from national 

accidents, where materials handling accidents form the major cause of 

accidents and roof, rib and face falls are ranked fourth. There are two 

possible reasons for the reversal in accident types between the Pittsburgh 

Seam and the overa ll nationa l pict ure, The first is that mines in the 

Pittsburgh S eam are g e n e rally l a rge , well manage d a nd h i ghly m echanized. 

This could contribute to reducing material handling type accidents. The 

second reason is that many mines in the Pittsburgh Seam have difficult 

roof p r oble ms, a nd combine d w ith the r edu ction in othe r t ypes of accident, 
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roof falls become the most prevalent type. Note that the reported accident 

frequency rate for the mines studied in the Pittsburgh Seam is 5. 9 per 

million manhour s in 1971. The national accident frequency rate for 1971 

was 50. 75 per million man-hours, nearly 9 times higher. The complete 

classification of national accident types is shown in Exhibit 4-4. 

Exhibit 4-5 shows the changes in the top four national accident categories 

between 1966 and 1971. These are some significant changes. In 1971 

material handling ranked as the major cause; 27% of the national accidents 

fell into the category. In 1966 material handling ranked second. This 

indicates a 31. 7% increase in the proportion of material handling accidents 

ove r the six-yea r p e riod. 

Haulage accidents ranked second in 1971, causing l 7. 6% of all accidents. 

ln 1966 it ranke d third, although the proportion of haula g e accidents to all 

accidents was greater in 1966 than in 1971. 

Machine ry accidents ranke d third in 1971. In 1966 the y ranke d fourth. 

This category has r emained practically constant over the six years at 

16. 7% of all national accidents. 

Falls of roof, face and rib ranked fourth at 16. 5% of all accidents in 1971 

in contrast to first position in 1966. This represents a 20. 2% decrease 

in the proportion of roof, face and rib fall accidents. 
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A similar study of the change in rankings of accidents in the Pittsburgh 

Seam would not be valid because of the small sample size involved, If re-

sponses could be obtained from all mines in the Pittsburgh Seam, such an 

analysis could be undertaken. 

Cross-tabulating the type of accident by the victim1 s job classification 

gives an indication of the likely type of accident associated with each occu-

pation. For example, 54. 9% of the injured roof bolters, 56. 0% of the 

injured loading machine operators and 57, 1 % of the injured continuous miner 

operators were injured by roof, rib and face falls. 

On the other hand, only 43. 5% of the shuttle car operators were injured 

in haulage accidents. However, 47. 8% of the foremen and 30. 7% of the 

general laborers were injured in haulage accidents. These percentages 

could indicate job substitution situations. Further indications of job substi­

tution are discussed in the following section which shows what the victim was 

doing at the time of the accident. 

JOB CATEGORIES 

The eleven job classifications most frequently involved in accidents are 

shown in Exhibit 4 - 6. The normalized data on job category is shown in 

Exhibit 4-7. This shows the number of accidents occurring for each 1000 

miners in the job category and can be interpreted as probability rates for 

each occupation, 
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EX/I/BIT 'l--1 

I/CC/DENT-TYPE 
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EXHIBIT ,i--Z 

ACCIDENT TYPE FOR THE PITTSBURGH SEAM 
SHOWING THE FOUR MIIJOR TYPES OF ACCIDENT 
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EXHIBIT If-~ 3 
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An examination of Exhibit 4-6 shows that the roof bolter is the job class-

ification most frequently involved in accidents, followed by the shuttle car 

operator and motorman. The repairman or mechanic occupies fourth posi-

tion. The shaded area at the foot of the graph is an indication of possible 

job substitution- -an accident occurred when the victim was working outside 

his normal job classification. Note that 9 out of 102 roof bolters were in­

jured while working at a job other than roof bolting, and that 15 out of 46 

shuttle operators were injured while not operating a shuttle car. 

The normalized data in Exhibit 4- 7 shows some most revealing changes in the 

ranking of occupations. Roof bolter drops to second place and loading mach­

ine operator advances to first place from fifth in Exhibit 4-6. This indicates 

that the number of accidents occurring per l 000 loading machine operators 

is greater than for the other occupations in the Pittsburgh Seam, although 

the total number of loading machine operators injured each year is not as 

great as the total number of roof bolters injured. 

The normalized data on job categories for the whole U.S.A. is shown in 

Exhibit 4-8. This is somewhat similar to the Pittsburgh Seam normalized 

data. Roof bolter takes first place and loading machine operator drops back 

to second place. A few job categories show big changes in their rank 

position. Timbermen are in the upper quartile while motormen are in the 

lower quartile for the national data. This order is reversed for the 

Pittsburgh Seam. The reasons for this lie in the realm of speculation. 
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Positive roof support and the 1nany rail transportation systems used in the 

Pittsburgh Seam may have a bearing on this reversal. Note that the 

number of accidents per 1000 workers is much higher for the national 

data than for the Pittsburgh Seam, which reflects the lower accident 

frequency rates for the Pittsburgh Seam in general. 
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VICTIM DOING 

An analysis of what the victim was doing at the time of the accident is 

informative insofar as it reveals those activities in the work cycle that 

are most likely to contribute to accidents. When coupled with the victim's 

occupation, the victim-doing analysis is most informative in revealing 

possible job substitution situations. 

A list of the 21 top ranked victim activities, out of 90 different classifi-

cations, is shown in Exhibit 4-9. This shows the percentage of accidents 

occurring in each category together with the actual count. The full listing 

of victim activities is shown in Appendix 4-1. Note the high incidence of 

accidents associated with roof control, viz: drill roof, set props, scale 

roof, insert bolt, :relocate prop and roof bolt. The category of walking 

to or from the wo1·k location is also high on the list. Cases where it is 

possible to determine the presence of job substitution are shown in Exhibit 

4-10. For example, it would normally be expected that a roof bolter would 

drill the roof. Of the 34 accidents where the injured victim was drilling 

the roof, 25 involved roof bolters. This implies that 9 of the accidents 

happened to men other than roof bolters who were substituting for roof 

bolters. 

Accidents involving the operation of a shuttle car show that 30. 8% of the 

victims were not shuttle car operators. Thirty-three and one third percent 

(33-1 /3%) of the machine maintenance accidents happened to men other than 

mechanics. Twenty-six and one half percent (26-1 /2%) of the drilling roof 

accidents happened to men other than roof bolters. 
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. Job substitution problems, implied from the percentages above, are 

illustrated by the following percentages of the job classifications that 

were involved in job tasks other than their own regular job when the 

accident occurred: 

• General Laborers - 68. 9% 

• General Supervisors - 34. 6% (involved in performing production jobs) 

• Shuttle Car Operators - 30. 5% 

• Loader Operators - 23. 0% 

As one can observe from the foregoing figures, job substitution does seem 

to be a very important factor for non-fatal injury accidents in the Pittsburgh 

Seam. One can certainly argue that there is a great deal of interchange 

on jobs in mining. However, we feel that it is significant that such a high 

percentage of the accidents involve job substitution. It is not likely that 

many of these workers in any of the job classifications spend as high a per-

centage of their time performing tasks outside their normal job as is re-

fleeted in the accide nts. 
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Victim Doing 

Drill Roof 

PITTSBURGH SEAM 
VICTIM ACTIVITIES 

Top 21 ranked in des<'.:ending 
order of frequency 

Frequency (%) 

7.7 
Couple/Uncouple Mine Cars 6. 1 
Op. Mainline Haulage Equipt. 5. 2 
Set Props 4.3 
Position Equipment 4. 1 
Machine Maintenance 4. I 
Walle To/ From Work 4.1 
Continuous Mine 3.4 
Tram In/Out 3.4 
Transport Supplies 2.9 
Operate Shuttle 2.9 
Load/Unload Mine Car 2.7 
Bolt Roof 2.7 
Load Shuttle 2.5 
Move Cables 2. 5 
Scale Roof 2.5 
Insert Bolt 2.3 
Service Machine 2. 0 
Remove Props 2.0 
Lay Track 2.0 
Ride Equipment 2.0 
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34 
27 
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JOB EXPERIENCE 

Workers in underground coal mines traditionally enter at the unskilled or 

laborer level and work their way into more skilled job classifications. 

They learn their skills through 11 on-the job11 training and develop their 

ability to operate complicated machinery at lunch time breaks or at other 

slack periods. All this leads to a fair degree of job mobility or turnover 

as workers progress from one job to another. When a worker starts 

in a new job his experience is often very limited. By the time he has 

gained proficiency and several years 1 job experience, it is probable that 

the worker will move to another job. In the Pittsburgh Seam roughly 

20% of the workers will b e in their first year on the job (nationally it is 

between 30% and 40%). This does not mean that their total underground 

experience is so limited. On the contrary, the average underground mine 

experience of miners in the Pittsburgh Seam is 25 years (nationally it is 

j- 16 years), while their average age is 50 years (nationally it is 40 years). 

l I Thus the miner w i th many years of underground experience will not 

n ecessarily have many years of job experience. 

The job experience of injured miners at the time of accident in the 

Pittsburgh Seam is shown in Exhibit 4-11. This indicates that 27. 8% of 

the accident victims have one year or less job experience and 7. 4% of the 

victims have one month or less job experience. Similar graphs showing 

the job experience of the five occupations ,showing the highest probability 
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of accident are given in Exhibits 4-12 and 4-13. These were loading 

machine operators, roof bolters, shuttle car operators, motormen and con­

tinuous miner operators. The exponential nature of all the job experience 

curves by both month and year tends to indicate an accident avoidance 

learning curve phenomena on the part of miners: the greater the job 

experience, the less likelihood of an accident. However, this hypothesis 

can not be proven until the total job experience of all miners is known. 

Then, if there is significant d i fference b e tween the job experie nce curve of 

injured miners and the other miners, it may be possible to state that the 

more experienced m i ners have a tendency to avoid accident s. 

To obtain complete data on all the miners in each mine in the Pittsburgh 

Seam would present a formidable and timt - consuming task. In order to 

collect some r eprese ntative data on joh exper ienc e and mee t the time 

constraints of this report, it was decided to survey only the miners in 

the above 5 occupations. Their gr aphs of job experience are shown in 

Exhibits 4 -14 , 4-15, and 4-16. Note that the greatest perc entage of miners 

change their job in the first year, and that after 5 years the job experience 

distribution remains fairly constant. This could appear to i ndicate that 

once a m iner has been on the s ame job for 5 ye a rs, the probability of his 

moving to another job decreases and he is likely to stay in the same job 

for the next 5 years, and so on, until he r etires. 
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The table below compares the job experience of injured miners and all 

miners for the five surveyed occupations for the first month and first year 

of job experience. 

PITTSBURGH SEAM JOB EXPERIENCE 

Occupation 

Roof Bolter 
Shuttle Car Operator 
Loading Machine Operator 
Motorman 
Continuous Miner Operator 

Above Occupations Combined 

All Injured Miners 

Less than 
l Year Experience 

Injured All 
Miners Miners 

1966-1971 1972 

36.4% 19. 8% 
28.5 19.6 
21. 0 12. 19 
20.0 12.35+ 

7. 6 12.9+ 

26. 9 16.0 

27.8 

Less than 
1 Month Experience 

Injured All 
Miners Miners 

1966-1971 1972 

15. 9o/o I. 65%* 
11. 4 1. 78 
10. 5 I.OZ* 
2.5 1. 03,:,: 
0 1. 29 

IO. 1 1. 33 

7.4 

* Computed from annual percentage, e. g. , for roof bolter, 19. 8 / 12 = 1. 65% 

+ Second year rate as the first year rate for 1972 is less. Men in their 
second yea r in 1972 would hav e been in thei r fir st year in 1971. The data 
on injured mine rs cover e d the period 1966 to 1971. 

It is immediately apparent from the above table that the proportion of injured 

workers who are injured in their first month or first year of job experience 

is significantly greater than the number of miners who have only one month 

or one year of job experience. The one exception is in the case of continuous 

mine r ope rators, and this is probably due t o the small sample size . Only 

two out of 26 injured continuous miner operators had one year or less of job 

experience, 
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National data on the job experience of non-fatally injured miners is 

not available. However, a similar pattern is found in the case of fatal 

accidents for the whole U.S. A. The number killed in their fir st month 

or first year of job experience is greater than the national population 

having one month or one year job experience. The following table illustrates 

the case. 

JOB EXPERIENCE OF FATAL ACCIDENT VICTIMS 
1966 - 1971 

Occupation First Month (%) First Year 

Roof Bolter 9.4 46.9 
Shuttle Car Operator 7.0 30. 2 
Motorman 2.5 17. 0 
Loading Machine Operator 6. l 26.1 
Continuous Miner Operator 11. 4 35.2 

Above Occupations Combined 6.7 3L8 

All Occupations 7. 8 37.9 

(%} 

Note that nearly 16% of the roof bolters were injured in their first mont h on 

the job and 9% were killed in their first month. The first month and the 

first year seem to be the most dangerous. And, although the turnover in 

mining jobs is high, injuries in the first month and first year are pro-

portionately highe r than the number of men in the i r first month or first 

year of experience. This may repre sent a form of accident avoidance 

learning. As experience is gained, the propensity for accidents decreases. 
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Although figures on the job experience of all miners in the United States 

are not available to permit normalization on a national scale, it is possible 

to calculate the number of miners who change their job ea ch year. This 

gives an indication of job mobility since first year job mobility and job 

experience may be cons i dered nearly analogous. A man who changes his 

occupation every year can only accumulate one year of job experience at 

any given occupation, unless he returns to one of his previous occupations 

within a relatively short time period. Under these circurnsta.nces the 

calculations of national job mobility from the employee history file may 

be considered a first approxiination to national job experience, although 

possibly on the high side. The method of calcuiating job mobility from the 

employee history file is discussed in Appendix 4-2. 

Although the national figure for the number of miners in their first year 

on the job (between 30% and 40%) is higher than for the Pittsburgh Sean1 

(nearly 20%), it seems reasonable to suppose that the national job 

experience distribution is similar to that for the Pittsburgh Seam shown 

in Exhibit 4-14. Indeed, as can be seen from Exhibit 4-17, this is the case. 

The occupations listed in Exhibit 4-17 are ranked in order of decreasing 

mobility. A few occupations occupy some unexpected positions. Roof 

bolters, commonly considered to be one of the least desirable occupa­

tions, and showing the highest non-fatal injury rate, are in the lower 
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half of the table. Similarly, the occupation of laborer is third from the 

bottom while that of the foreman is sixth from the top. Motormen are 

one of the job classifications showing the least job mobility. 

In seven cases the data on job mobility has been corrected for movement 

between the same or similar occupations (indicated in Exhibit 4-17 by an 

asterisk). Such movement was recorded as an occupational change in the 

original employee history file and occurred when the timber man, beltman, 

laborer, electrician, mechanic, supply/utility and vent/brattice categories 

working at the face transferred to the same occupation away from the face 

and vice versa. Certain conditions surrounding the job do change, but 

it is believed that the basic skills stay the same. Appendix 4-3 lists the 

original mobility factors for the above occupations together with the 

car re ction factors. 

For every occupation listed in Exhibit 4-1 7, the percentage of miners 

killed or injured in their first month on the job is higher than the per-

centage of miners who may be expected to be working in their fir s t month 

on the job {based on job mobility calculations}. Again, as in the case of the 

Pittsburgh Seam previously discussed, this would tend to indicate the 

pre sence of an accident avoidance learning curve. The greater the job 

experience, the less the probability of accident. 
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JOB EXPERIENCE & JOB MOBILITY BY OCCUPATION 

Job Mobility Job Experience at Time of Accident 

Occupation 
Employee History Pittsburgh Survey Total Fatal Accidents Pittsbu rgh Non-Fatal 

% Change % Change % Change in %~1 Yr, Job %~1 Mo, Job %~ 1 Yr. %~ 1 Mo, 

in l Ye.-.r in 1 Month 1 Year Exoerience Experience J ob Exp. Job Exp . 

IHand Load 89.52 7.46 44.4 22.2 

Load M/C H. 63.60 5.30 70.0 10.0 

Coal Drill Oo, 61. 44 5. 12 33. 3 16 . 6 

Othe r Face 61. 08 5.09 100 25 45.5 18. 2 

-Cuttin~ M/C H. 57.96 4.83 75 12. 5 

Foreman 55. 56 4,63 15. 4 7. 7 5. 6 5, 6 

Ffreboss 54. 00 4.50 - -
jTracl<man 53. 40 4.45 28.5 - 50.0 

52. 68 4. 39 44.4 s. 5 33.4 fContinuous M Help. 
48 . 84 4.07 -

10ther N. F . -
!Other Staff 46.32 3. 86 100 -tr face 

45 . 00 3.75 - -
Brakeman 44. 16 3.68 62 . 5 - 5. 6 

.Other Transport 44.04 3. 67 48 .2 17.2 

ITimberman 43. 44 3. 62,:, 47.6 14. 3 44. 4 

~ ntn1an / I3 rattice 42. 12 3. 5 I~' 50.0 50 . 0 22 .2 
,c ont. Miner Op. 39. 72 3. 31 33.33 35.2 7.4 3. 8 

Cuttiniz M/C Oo. 39.24 3, 27 26.3 5. 3 

Bc ltman 35.28 2. 91 ~< 88 . 8 l l. l -
~1pnlvrnan 33. 96 2 . 33,:, 38 . l - 25.0 5 .0 

R nof -bo lter 33.84 2.82 25.86 46 . 9 9 .4 31. 9 15. 9 

Loading M/C Oo. 33 . 72 2.81 9.76 26 . l 6.2 21. 0 l 0. 5 

i;:jhotfirer 31. 56 2.63 44.4 11. l 33 . 0 0 

!S e ction Fore man 29 .40 2.45 44.8 6.89 

!Shuttle Car Oo. 27. 96 2. 33 21. 05 30.2 6 . 9 2 5.7 11. 4 

E l ectrician 24 .00 2. oo,:• 3 3. 3 -
L a bor<':: r 23.88 l. 99 '!< 35.9 7.7 3 7 . (; 6. 3 

Superintendent 23 . 16 I. 93 - -
Motorrnan 20. 64 l. 72 20.4 9 17. 0 2. 4 l 5. 0 2 .5 

Mechanic 16.68 l. 39* 44. 8 6.89 11. 7 2. 9 

* Col' l' e cted !or fac e to non-fac e and vie e ~versa movement, _ _ - · ___________ .. - -------- -.-- - -- --·· ··----· ··-· ··--·--- - ____ ____ _ .. ... _ -----· -~------·-- ·-·---------·----·------·-·....- - ·--·~·--··--~-~-- --- --- - -- -- --
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UNDERGROUND EXPERIENCE 

The total underground experience of injured miners is shown in Exhibit 4-18. 

This shows that the majority of miners have between 20 and 40 years of total 

underground experience. The mean is 25 years. This is considerably 

more than the me an of 3 years for job experience. Although a miner may 

have many years of underground experience, he has probably had several 

different jobs and his current job experience averages 3 years at the time 

of injury. In other words, the total underground mining experience of both 

accident victims and all miners differs markedly from job experience. 

The total underground experience for zniners in the Pittsburgh Seam is 

shown in Exhibit 4-19. The breakdown by occupation is shown in Exhibit 

4-20 and 4- 21. These show an influx of new workers in the last three 

years, but the gre at majority of miners have between 20 and 40 yea rs total 

underground experience. This is in conformity with the pattern of job 

experience for injured miners. Note that the number of new workers in 

the Pittsburgh Seam who became underground miners during the last 

year, August 1971 to July 1972, is less than half the number who 

entered in the prior year. This can be partly attributed to a prolonged 

strike in late 1 971. 

Comparing the total underground experience graph (Exhibit 4-19) and the 

job experience graph (Exhibit 4-14) for the percent of miners who have one 

y ear or less, one to two y e ars, or three to four y e ar s total unde rground 

experience and job experience gives the results as shown in the following 

table: 
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Experience Catego:::-y 

One year or less 
I to 2 years 
2 to 3 years 

PITTSBURGH SEAM 
Total Underground 

Experience 

4. 09% 
8.89% 
6. 88% 

Job 
Experience 

16. 0% 
14. 3% 
12. 3% 

This illustrates the point that job experience is not necessarily related to 

total underground experience. In July 1972, the date of the survey, only 

4. 09% of the miners had one year or less total underground experience. 

However, almost four times the number, or 16% were in their first year 

on the job. 

Total underground experience was not coded onto the 1971 injuries tape. 

However, the employee history files contains a 20% response for total 

underground experience. By matching the 1971 injury tape to the employee 

history file we were able to obtain an indication of the experience of injured 

miners. The matching was done by social security number, and only 

50% of the injured miners had social security numbers that matched the 

employee history. Hence our resultant response for the total underground 

experience of injured miners in 1971 is 50% of 20%, that is, 10%. And 

this cannot be considered a random sample. It is derived from: 1) those 

miners who have returned dust samples for their records to be included 

on the employee histo ry file, 2) the limited number who answered the 

question regarding under ground experience, and finally, 3) those injured 

miners whose social security number matched the employee history file. 
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A comparison of the total underground experience of injured miners tc the 

experience of the national population is shown graphically in Exhibit 4-22. 

Again it should be borne in mind that this is not a random sample. The 

graph does seem to show that a greater proportion of injured miners have 

one year or less of underground experience. This is in contrast to the 

Pittsburgh Seam where the proportion of injured miners with one year or 

less job experience is less than the total number of miners with one year 

of underground experience or less. 
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AGE 

The age distribution of all injured miners in the Pittsburgh Seam is shown 

in Exhibit 4-23. This shows that the majority of injured miners are in the 

41 to 65 age bracket. Based on our survey of the age of five occupations 

in the Pittsburgh Seam, it would appear that the majority of miners are 

also aged between 41 and 65. 

A comparison of the age distributions of injured and non-injured miners 

for the five job categories surveyed in the Pittsburgh Seam is shown in 

Exhibit 4-24. This shows that a slightly greater proportion of middle-

aged miners are injured than younger or older workers. Note that the 

Pittsburgh Seam contains a much greater proportion of middle-aged workers 

than younger workers. 

This is in contrast to the ages of all miners in the United States. Their 

distribution is shown in Exhibit 4-25 and contains a higher percentage of 

younger workers than in the Pittsburgh Seam, although the older worke rs 

still predominate. 

Exhibit 4-25 also compares the age s of injured miners in the United States. 

As in the case of total underground experience, the age of injured miners 

was obtained from. the employee history file {the original 1971 injury file 

did not show age). and this represents a 40% response. Note how a greater 

proportion of young e r miners are injure d than older miners. This is in 

contrast to the Pittsburgh Seam. 
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The age distributions of roof bolters, shuttle car operators, motormen, 

continuous miner operators and loading machine operators are shown in 

Exhibits 4- 26 and 4- 27. Note how roof bolter s differ from the other four. 

Roof bolters include a high proportion of young workers. A similar, but 

more pronounced pattern exists for roof bolters on the national scale. 

There is a greater proportion of roof bolters in the 20 to 30 year age 

group th2.n for any other occupation. Exhibit 4- 28 shows the pattern, 

and also compares the ages of injured roof bolters to all roof bolters. 

Exhibits 4-29, 4-30, 4-31 and 4-32 sh°'·"' the ages of injured and non-

injured loading machine operators, shuttle car operators, motormen and 

continuous miner oper ato!' s res pe c ti vely. A significant! y greater 

proportion of shuttle car operators are injured than older shuttle car aper-

a tors when compared to the total shuttle car population. Yet for roof 

bolters and loading machine operators there are no distinct patterns. 

The employee history file contains information on th~ mining style where 

the miner is working, that is, whether it is a continuous, conventional, 

longwall or other type of mine, Exhibit 4- 33 and 4-34 compare the age 

distributions in each of these categories. It is interesting to note that 

longwall mining, the newest style of mining to be introduced to the U.S. A., 

contains the highest proportion of young workers. 

An attempt was 1nade to classify the injury rates for each mining style, 

The 1971 injury file doe s not show the mining style. Merging the injury 

file with the employee history file by mine:rs 1 social security number gives 

112 
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a resultant output showing the type of rnine. However, it was felt that 

it would be misleading to present the results until a better match of injuries 

to the employee history file was obtained. The present 50% match probably 

discriminates against those mines that have accurate records of the em-

ployees' social security numbers and which have been returning the dust 

samples, as opposed to those mines which have not submitted accurate and 

complete information. 
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TIME OF ACCIDENT 

A theory of accident analysis that postulates randomness would require the 

time of accident to be random. An examination of the distribution of 

accidents by month, day of week, time of day and nwnber of hours worked 

per shift prior to the accident shows this to be generally true (Exhibit 4-35 

and Appendix 4-1 ). The 443 accidents in the Pittsburgh Seam have pro­

duced reasonably uniform distributions and all lie within the 95% con-

fidence interval. That is, one can say with 95% confidence of being 

correct that the deviations that do occur are random. 

The distribution of accidents by weekday is shown in Exhibit 4-36. Except 

for Saturday and Sunday the variation is not significant and is independent 

of the day of the week. Very few accidents are shown on Saturdays and 

Sundays, as these are not normal production days. 

Many of the mines in the Pittsburgh Seam are on a three-shift production 

schedule. This results i.n accidents occurring throughout the 24 hours of 

the day as is shown in the frequency distribution in Appendix 4-1. Showing 

the number of accidents occurring in terms of the hours worked brings 

the different shifts and different start times to a comparable basis. The 

distribution i s graphe d in Exhibit 4-37. Note the peak for the period be ­

tween 2 and 3 hours worked. The decline in the middle of the work period 

could possibly be attributed to the influence of lunch breaks. The second 

peak b e tween 6 a nd 7 hour s worke d occurs just befor e the mine r s are pre-

paring to end the shift. 
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An examination of the time of accident for various types of accidents 

shows an interesting pattern in .the case of roof-fall accidents (Exhibit 4 -38). 

Significantly more accidents occur in the period between 2 and 3 hours 

worked than at other times. Speculation as to the reason for this points 

to lack of adequate testing at the start of a shift. The mine rs have just 

started their daily tasks and the business of keeping an eye on the roof 

has been omitted. The low nwnber of roof fall accidents at the start and 

end of a shift is proba bly due to the absence of workers in the main danger 

areas. Similarly, the slight decrease between 4 and 5 hours worked could 

probably be attributed to a larger percentage of men being away from the 

da ng e r areas during their lunch b !"eaks. 

The national injury data for 1971 also indicates a randomness in the month 

of occurre nce, except for the Octobe r-Novembe r 1971 p e riod when the 

strike disrupted production. No national data 1s available on the hour of 

accident. 
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ABSENTEEISM 

A mining production work crew may be considered as a group of men each 

working at different but interfacing tasks. The men form a team that 

can work efficiently and with a minimum of lost time and supervision only 

if each man knows and is experienced in his individual task. When a worker 

is absent from his normal task, another worker may be substituted to 

maintain production crew strength. And the substitute worker may not 

have had sufficient job experience to enable him to perform his temporary 

task safely. For this reason it was considered that a relationship might 

exist between the degree of job substitution that occurs in a mine and its 

accident rate. And it was believed that the closest indicator of the degree 

of job substitution in a mine would be its absentee rate. 

Data was obtained from each cooperating mine in the Pittsburgh Seam on its 

absentee rate for each of the six years 1966 to 1971. This was correlated 

to its accident rate per million man-hours. The results are shown in 

Exhibit 4-39. For one mine the results were very encouraging with a 

positive correlation coefficient of O. 76. This showed that an increase in 

absenteeism correlated to an increase in the accident frequency rate. 

However, the results from the other mines were very disappointing with 

little or no correlation exhibited, and the slope of the curve varied from 

positive to negative. We now believe that if a direct relation between 

absenteeism and accidents exists, it would be shown by the degree of 

absenteeism on the day of the accident rather than the average absenteeism 
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over the year. This information is not readily available on a historical 

basis, and could be worth requesting for any future mine accident 

study. 
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TURNOVER 

Turnover is an indication of the number of men changing jobs in a mine. 

Men leave and new men are hired to replace them. The man who replaces 

a man who leaves will have little or no job experience. Hence, he should 

be more vulnerable to injury than an experienced worker, and it would be 

expected that a measure of turnover would relate to the accident frequency 

rate. 

Information was obtained from the Pittsburgh Seam mines on turnover and 

job posting. Turnover was measured in terms of both men hired and men 

leaving. A plot of accident frequency against turnover, Exhibit 4-40, pro-

duced widely dispersed results with very poor fits. Two mines produced 

a slight positive correlation showing an increase in accident frequency as 

turnover increased, while the remaining six produced a poor negative 

correlation. This poor correlation indicates that turnover (as measured 

by men hired and men leaving) of mine workers do not significantly affect 

the accident rate in the Pittsburgh seam. Job posting was also viewed as 

a measure of turnover, and the effect of job posting on accident rates wa.s 

also inconclusive. However, in this case it should also be noted that job 

posting was only introduced late in 1968 and did not show full momentum 

until 1971. 
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OTHER FACTORS 

The influence of productivity; the combined factors of absenteeism, turnover 

and productivity; cyclical tr ends; and the time interval between accidents 

were examined for any relationship to the accident rate. Each is discussed 

separately below. These findings apply to the Pittsburgh Seam. only. 

National data on these factors is not available. 

Productivity 

Productivity was examined to see if there was any relationship with 

accident frequency. A plot of productivity versus accident frequency rate 

is shown in Exhibit 4-41. For two mines there was a fair degree of 

correlation with accident frequency increasing as productivity increased, 

but the other mines showed poor fits and in two cases the curve was 

negatively sloped. 

Combined Factors 

An attempt was made to see if the combination of the variables absenteeism, 

turnover and productivity had any effect on accident frequency. A step-

wise multiple regression was run using accident frequency as the 

dependent variable and absenteeism, productivity and turnover as the 

independent variables. The regression result turned out to be: 
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F = 2. 38 + 0, 05A + 0, 07P + O. 03T 

where: 

F = accidents/million man- hours 

A= absenteeism in man-hours lost/1000 man-hours 

P ::: productivity in tons/ million man- hours 

T = turnover in percent hired and leaving on total workforce 

This regression explained only 20. 7 percent of the variance, which indicates 

that other variables affect the accident rate. 

Cyclical Trends 

In the absence of any significant relationship between the accident rate and 

absenteeism, productivity and turnover, the distribution of accidents over 

time against these factors was examined to see if any trend existed. No 

trend could be located. 

Time Interval Between Accidents 

Since no significant relationship exists between any of the above variables 

and the accident frequency, the time interval between accidents was mea-

sured. This consisted of the number of days between accidents for each 

mine. Then an analysis was made to see if any significant difference re-

sulted between the nature of an accident followed by a short interval. This 

was based on the hypothesis that miners would hear about severe accidents 

and generally be more cautious. Thus, a severe accident should be 

followed by a long-time interval before the next accident, and the longest 
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time interval should follow a fatal accident. However, the results did 

not indicate this to be the case. There seems to be little evidence of any 

shock phenomenon throughout the mine population after -serious accidents. 
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--.U.;.&J.)_~ __ l<l .• .l ;.~e ff":. ___ __ _J ..._2 ____ 2.-..6 ____ ___ 5...9 ___ ___ ,:;;_~--_ _ . 5i!e.8 ___ _ 

~':::=-i !O C1 f'/o\ "fO z,o., f',.. : : .. ::~ 1:, ·· 2s~:·==-~-- :·.· s .. & ' : .. - ·.-.-.- 601 590 0 

-S~...l!J,\....:ro_t.J.c~.f'll'L . ___ _J ! ___ ).! _____ ~. 2 ____ 3. 4_ ------ 7h c ___ _ 
==--,. •ex, 9.., ,,,, 1·0~ "" .... .... JJL _ _: ____ )I!'! ....... :.: .. ·.-..: •. _:3. & . . _ 3. 9 74• 9 

---·7,oQ.. P.f>', .. Tc ... i.: o<i..~ ___ ·· :.:.·.:::.L<i.:.:. =-:=_:i:_9:.:..=·- ·_-- •~J · ·. · · .. "• 7 · .. ___ 79., 6 ____ _ 
i!•OOf'~l,o'?·ur,. 20 14 J.2 3•4 83.0 

--- 0 ..:.Q!L.5'tA-10..J() ·-•-~"-n.._. ___ _ i,:1. _ _____ L9 _ _ _ ___ "• J _________ • 7 --· ____ B_l'.o 7 _ _ 

___ __ IO:OO P~1 ,:o lf · c,o ~ .. . 2?. :,. 2: . _91. 2 

=.:.:. .. u~oo. PM ,:a. 12 o,, ,..., __ . _ ·_21 __ 3o --- ···- · __ ,..a _______ l'.4 · ---------·· __ c;,t<. 5 
- -- __ .)"J!WI< Hf ;<: ! ; OC J\M .. • 24 - • 6 ... ---. _ .... 1 • 4 _ l • S l 00• 0 

---1/11-0T·--:ST;•,T!:O -0 --- -::Jf:-----·-e.1 ·· ·- .lf1SS1NG ·---- · ·:100; 0 

TOTAL I 00, 0 1 oo. 0 

5 P,<>T . T 1'-\E - - ·· · _ ...•.• 

AEL~TIVE ADJUST € 0 CU~vLATlV~ 
AO SOLUTE Fli>'OUENCY i=<>EOVt NCV A.:J.J . i"rif. 0 

--~!:~JlRl' _.L....~ BE"L _ ________ <;_':.l_Q_E __ ff! f;Q.JE_°'.! C". __ ~!'.E RCE .. T) . • . ( Pc._flCf. NT ) . _ . IP ERC !': ls:T l __ 

.. C,2 0.2 

==._jr;QO,.,.. ---· · · ·_· · · ·_a ..... ' -~~--- .o.2.0 ________ 43,3 · ___ 4J, .5 ___ _ 

... o. 5 o. 5 

_ _j~~PM - --- ---~ l 6 ___ I 3 2 _______ 2 9o 8 ___ __ 3_0o 7 _______ 74~ 7 __ 

==·l'HDNl~IIT 24 109 24oG 25,3 ICO•O 

==-:_.11a:i:__n-.11.r.Eb... · __ · .. - --~~o . .. - 12 ___ 2.1 __ _ ·_ •HS5ING _____ _ __ t00o0 ·--

OUT OF A4NGE Oo2 MISSING IOOoO 

---- ------------· To111.1. ___ 4q 3 __ J.90. o • . . _____ _ 1_00. o_ .• -- ·--·---· ____ _ 

VA~O I 7 liOURS wm; rcEO . 

PELAT!VF. ADJU ~Tf. O C~~UL~TlVE 
ABS OL UTE r~EOV~NCY . FREOUE~CV ADJ FA~Q 

-CA..1:EGl1RY . • LJ\l'll:L . . - - ... - COC'E . _.f.RE>lUi::NC.Y. •. I PER CE.NT! ( P.E RC E. NT I _ __ (PEnC!:.NT I . __ 

.. 1 • ---- ... 1~ .... . .. _ . 3a6 J.7 3. 7 

2 TO J J 73 16• 5 11. 0 

_ __ i_y !I " · . _ _ ·--- - - · · ·--·-·· __ .!I.·-· _ ___ c;3 ___ _______ .l 4.o 2. . --- . ....I q • 7 __________ 49o 5 

-···- -- --· " 10 . 5 ... . 12. 2 12 ,o 620 1 

- -·· . 5 . .I.O . 6 . .• -----. ··-· . ." _ ·--...:..i, ·- . . .. S.L -~-- .::.: ~ t 2• O . -- __ l 2o 3 _ . .. ·- ... _ 7"1., 4 .. .... 

c; Tn 7 1 r, r, 

_ _ 7 TO . .e .. _ .•. ··---··---··-·-- .. Ill .. ____ IIC . -- -- --· _ .. 9o 0 

'I TO 9 

_:::_ ttaL .:H·\ft:t- . ... 0 •..• . . . JJ. 

tOT AL 
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o., 5 

100.0 

1So8 QO. 2 

9o3 99. !5 

o. s I 00• 0 

. MISS1"4G 100. o -------
l oc. 0 



TYPE l'f" ACCIOf'-IT 
·--------·--··--· - ·-r- •------·----· ••r••--•.-••• •----

~£LAT IV~ ADJUSTED 
... ., 50L UTE F=>~<1•.1 : '-IC v Fr,c o ,_,n;c V 

______(.'J!'GCl.l.'\'.._LA.A!::L ____ . ___ ____ CO~f ... £~tOUENCT . (r>f>1CE~T) __ (C.EACE'"T) 

!'.L'ECTOJC ITV e . Io 8 
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CU,.ULlTIVF 
ADJ F<;fO 

(Pf.l.lCENT, 

1.a 

~J."'1..Dt ".l'l'!';A< I 'I<; AGE'lT ____ 2_ - - ·- · - - ~--- .... ·-·- Oo .9_ o. 9 _ --- ___ __2. 7 .. _ •..• 

FALL OF FACE ~R Ritt 4 5o7 80 4 

_ _£llL __ Q"_ W}'JF___ _ _ _______ 5 __ ___ u_ J ____ • .. .? 5o_L_ ·- . ___ 2 5~l _____ . _:,J • 5 . 

__ .. ,. i..-:, T ODl . ..... ~ . 22 . s.o 5o 0 360 5 

-···· ···t!A_ .. '>L.ll,IG __ <UT~<>I _Al,. __ •• _ .:._·_1..~_:::_):J ___ ._··~ _S_o !\ __ . ___ 8o.6_, .. • ____ 4 _7o.l .. _._ 

HAUL. A.t;E-"tllNLJNF 3 64 · •l4o4 14o5 6106 

--~~HI ,..,.=tY ··- . --·- ___ J 2 ____ f.>..l..c.... _____ , l .4o_2 _____ l_!l_o3 . . ______ 76o 0 ____ _ 

= ·:..:~.Pl<ES".iU<IE "IU"1P AU'>.S 1 _ 15 ·-··· :... .... • l.. .... _ .. .-_: .. Oo 2 ... · -· . Oo 2 760 2 

- - ~~'0"'-SLt<> o,a.t(ATAL_ - \6_· ._ .. . ... 6 .. --· ____ I•~-- • .. lo4 ____ ___ 77,6 

· SLIP O<>. F a.LL-D[ flSfl..., 17 16 . :,, 6 J,6 8!o 2 

~llo.>.-:otN';L.. _ON OfiJ!:C T .• ____ 15 ___ __ 6 _________ h!\. -·--- . .1• 4 •.. ____ .B.2o 6_ · ·· -

- I 9 .· : :.. . .:. . 9 .· . ..... -

.HAULA. GE-? 23 II 2. 5 ')4, 8 

______ u•. ~-~ {i,~~ ~ouF_!:: z e.o ___ _ _io.. _____ .J_:, _______ . •. So z _________ . 5, 1. _ _____ I C'lh 0 

- -- ~:) .. •.-~. -· -· · O l . 0,Z MISSING 10000 ------- ------- -------
·-·- ··- --• • -· .. - -- --______ JTQ!...•1=- -- T _443 .. _ " - ·-• I oc. o __ ~_100.0 _ --~r - ·--•-- . .. : • p 

VA QO 21 ~AYS LOST 

--·--·--- ------------·-------
AEL AT [ V~ AnJUSTr~ CUMUL4TIV~ 

A~sm.uTE r~EOU~NCY F~FOU!NCV A~J FRFQ 
____c,\ tFr..Qi!.T .Ll'.51:L -· ___ cnDF _ .FRIEQUENCY •• -1PEPCE~T I _ ( PEkC(~T I ---·' PERC!: "IT)_ _ 

_ •.. LTO 7 OAYS ___ _ : . I · _ _-_.:._ __ .. 8 Io B Jo9 

___s..in . ..2..1-011. 'ts _________ z....__6::, ____ .• J. 4a .2._ ·-·--· 30, 6_ ·---· ..:!14 • s ___ . _ 

2Z TO '>~ 01> YS 1 68 I'S• J 

-----61._T.!J_l 50 __ Dll'C.S ... __ ···---!L ---'~--1Co 2 ____ 1.l o B _ ____ B~• ~--
--·· ~ ~ ,,, H, ---- •• 

__ .1.!!J . TD .. 36~ Dt\YS . -··· 5 ... ____ 16 ___ _______ . . :h6 970 I 

A I 00. o 
__ __),'OLJ:'T~T£.b. ___ -·---·------11. ____ 237-___ . 530 5 __ __ _ 1,u SSING ·--- __ _ I DDo 0 

------- -------
-------·-·----- ·--··· .• _ _J_OTAL _ --- .,4.J _ - ··- ·- ---l OOo.O I CiOo O . 

PAnT Of . BOOY INJU~~o 

-------··· ·····---·- ·- ··------ -·----- - ---··-· 
PELO.T!\fF 

A~$CLUTf •K~OU~NCV 
___ C."-!.E.1.Cl!!.'!'....l..,0.~~1,.. ____ !=_::l_O': ._ f!H'.OU:C:~C_Y_ ... (f'f~C'o~.T I_ 

I\OJUST(O 
r<>taun,cv 
(C>E<;Cf:NT I 

906 

CU)o!ULA TI VE 
AQJ f~~O 

_( P!;;RCC:NT I 

=~'tL_. - ·-----·---··_·· J. ____ -._J .... l~_.:.:_: ____ 2,.!i_ .. --- . 2e 5 ····-- __ t 2. I __ 

:J 101 230 I 

--~~--------- ___ ! _____ ~ ______ 6. 3 -------- ,6, 4 . ··-----" t. 6 

_HANO 5 62 l4o0 14 0 2 55 0 7 

-· ~L~~ . . ··--· - . ·--··_!!> -___ '17. ______ 11 • . ~--

7 95 

___ IOVL.T.fr>Llf.. _ ___________ _____ .6 ___ ,_ _22 __ - · --··- ... 5•0 . 

0 5 Io I Ml5S!"IG 

_7l. 3 

95.0 

I 00, 0 

\COoO 

__ .. __ '.!'_OJ.P,L. ____ :1,4:;l .•.••••.•.. _I oc,, 0 _-·- ___ I OCo O. ··---····- . ... 
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____ !o'AIUABLE VARC23 LOCATION OF ACCIDENT 

RFLATTVE 
A~S~LUTF. FREOV~~(Y 

___r:AI£c;.oFlL.1.AB:L . ___ -· --· CDOE._FPEOUf:'NCY. l<>f:RCENT I 

.... .l .: __ .. 191 -- . 

ADJUSTED 
FQEOUfNCV 
( P~ RC~NT.) 
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cu,~UL4T !VE 
ADJ F~F:J 

(l'El>CENT I 

44o9 

=:.::.t tt~ii;tSE.C !..__ . :...: __: __ · __:__· __ ..L._.::__-__ -L-·----· .lo "··----. -1 • 6 ---.--... 4 6• 6 . ···--

CROSSCUT 3 7 1.6 1.6 48. 2 

_____HAJJLAGE. _____________ '1 ____ 7.6 _________ l 7az.__ . ___ _l7o 9 ________ 6 .60 l. 

= ··_·_-_LNTRY -·--·~· •. ·- .•. :·, 
. . . __ s . ___ 124 ... ___ . 2e.c z9. 2 9'5o J 

.:.=....::..iuLL.E R~_:_-_·-----·· :~,_-_·· __ __. 0 _____ · __ 2 • .3 _ _-_ •. :_ __ 2o."'---·-_9 h 6 __ _:_ 

7 10 2o3 2." 1 oo. 0 

--------__ , __ .o__ ___ .. 1 r, -------- "• I _ .. .•• _M. ISSI NG _________ l O O • 0 - -__ 

----·-- -TOTAL. _______ .443 • ··- . I 00• 0 100a D 

___ _ yA~IABLE VARC24 EMTRV . 1110TH 
-----------~ --~~------ ·----

PfLAT!Yf 40JUSTf0 
4flS1lLUTE FRf'lU[NCY FR".OVE>/CY 

___ .C/\..:.EGOR'LLAf'lEL. - --- ___ .CCl.OE __ ER.f()U;;N('f __ l~ERC~NT J •. I Pf RC ENT I 

CU,.lJl. AT I VE 
.A.DJ ~~F~ 

(<>Er<CEP.H_I . 

______ wnrtJ 111 fEE.T •••• , ·• • 11 2 o.5 o.6 o. 6 
------~--..:..:.-=--:tJ __ :-__:_:-_ _i..::__· · _ ___ o, s __ _____ o. 6 ____ .:_ _ ___ h 3 __ _ 

14 2 o. 5 o. 6 lo 9 

-----------·-- ____ _1s ____ ,~ ______ .-, •. 1 ____________ 5. e _________ J_. e ____ _ 

_ H, 277 62. 5 _ 890 6 970" 

_- - . -- · _ · ··p · - -· ....:..::...:., __ -_____ o ._7 _____ ..:_1. o.. _____ 98. • __ 

18 .. o. 9 t.3 

_________________ .J ra _____ J •.. .•• -··- _ __ fl. 2. ·- --- __ ... o. 3 

:.:. .. _ •. WOT , S,,'.TCI, o_ 134 J0,2 OIISSl>.iC. 

99,7 

I OOo 0 

100.0 

- :i: _Q_'!.~1.-..::.:.:.:_ __ "-~ J ____ -_1_00, o _____ ____ l o.o. o __ ____ ---· ·---·-

RCOF . !if' I GtiT. • -- ---·. -· .••. --·-- .. -- --·· .. ··-•·•-··· ..•. - · · 

Rf.L"-TIYE AnJUSTE~ CUMULATIVE 
• .Ul SO<. UH: "'REOUENC 'I' F Il e OUf.NCY ADJ FfH;(l 

___L.AU:6!)."(l'._LJ._6El •. ____ ____ cno!::_,F.FE'lUEp,jC:I' __ (PEllCE•H.J • (,PEPCf.NT) __ ( PES:::CE NT> .. _ 

_____ t,3_TO GA --~--~ .. 5 --~:.~· ... ··'----~ ..• :. 0.2 ' .• . o ... 
--&5L.r.n-6a___ ___ -_-_--_--_-·_-_-.. ·,_·~~---.2. ____ _:_ o •. ·s _____ :._.J3. 7 ______ ...... 1 •. 1. __ 

61 TO 7 2 7 74 26,0 27,0 

__ ..2,!L...In _94 _____ _____ _1! ____ 1.'l3. ______ ~ 3o.6 ______ C,.J .- __ L_ ______ 94 o 7 ___ _ 

__ 11~>-.1 o _ 96 _ . · ··: .:::.:.: :· ·: :.. .: .. :·.:::~9 ·:·:.:-::~_:.~ to".--~-~·::.:.~. :. 2. ·:i. .. • : ~ _ :,. 5 9Bo 2 

______ .. x .... otAL._ __ ~_,u_ ____ --1 oo. o ___ .. _ 1 o.o. o ________ _ 

__ _ Y ... fll A.SL!': VAP026 WE.T. OR 0"«'1' 

------- -----· --- - -·-----·-------·- - ·----~----- .. --- ·--- -

__t.._1_ E GOf'.l'.... J.. .A_l:11:l.. _. 

~_' .. WET ,. 

"EL.4TlV( 
49S DI.UTE F<>l'OUFNC'I' 

fC_;;>_::-___ ':'l~OUENCV •. _IPC:RCE"'l 1 , 

36 "• I 

.O.OJUSTfO 
F:.fOV!oNCY 
(PE!>CE"'T I_ 

I 'I, l 

.... ··_..l)A)' ______ _____ ,____ " :t._ ____ _ 220 ·· · --·-·· 4907 ... .. ____ 85.9 

0 187 42,2 '"ISSING ------- ------- -------

CVMULJ.TJVE 
A!lJ "'Rf. 0 

( P[q(E ~T) 

14a I 

1co.o 
100, 0 

---------------- TJlTAL ______ 443 ... ---· . 100 0 0 , .... . , I 00,0 . ·- _ -·-·- _ ---
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---~ARIABLE YAR0?7 

_ __.cA 1 ~GC'l 'f_ J_Afl LL. 

:_-::::-::_ Stt-.LE 

POOF TYPE 

. CODE 

.. 2 

PEL AT I VE AOJUSTfD 
APSrl\.UTE l'~E~U~N(Y FAEQU~NCY 

l'"IEQV!:..NC.Y _ _ ( P"f.GC".ll r I . _ l P!: RCEl'I T 1 . 

2 
"· 5 

o. 6 
. .. 

PAGE 5 of 9 

C. UMUL AT I VE 
4DJ l':lf"Q 

.IPEl'ICE>iTI -·-

Oo 6 

---!)RAll5.l..!l T.E-------·----·--"-----------224 _____ 50, b __________ 70, 7. ________ 71 a 3 

5 15 
"· 7 

16.0 

----5..lli.tOS T C'NE__ ---. -----6-.. _-2 _______ 0 • 5 - ···----0• 6 . _____ __J6, 7 ·- _ _ 

_____ 5,u,mp;. SHALE as. e . ZZal 

~ - -------..::....:....&_-=:_..:·_.....:..:.:::.,:..__:.:_· ___ 0.2. _______ ._i. :, _______ 1.00. o ____ ..:_ 

0 126 "'ISSING 100.0 

__ JQT~----"-<13 ______ .100 o.O ____ .1 OOo O ____________ _ 

___ VA'llABLE VAA026 

RFLI.TIVE 
A~SOLUTE F~!:OUENCY 

~:J.EGllR'L LABEL _______ ~ME. _f"lfOVE.NC'.l' ___ {PE <>CE NT I 

:_ .... BOL"fS _2'39 54,. 0 

ADJUSTED 
FA~ OU~ NC Y 
.IP!:RCE .. T I 

10.1 

(UMUL AT I VF 
ADJ "11!':0 

(PEf'CENT) 

70o7 

--------8.l!L 1>05,:S _____ · __ ~2-._·-· _ __1_ ___ o_ • .z.. __ ---___ 0 •. 3 __ ·-·--·--. 71 o 0 

l 9 

---1'!DL "LS _t-__ '5_4.'cE.T_Y Jt CIC$ ________ L _ ____J.}._ _______ .2, 9 .. . _ ·---- - .;,• 8_ 

5 7 ...... - .. S.6 Z,1 

730 7 

_ __ 77o5_ 

7906 

=::..:_fl..DL:!, CHt.",1•,ffL~ l>L4t,K4> ~___:::_~ _ _..::_:_: ~ •. 6? _ _ .:..:__ - ~ .. J5o 6 __ .:_ ·--- 20•" -·---- . _ .ICC>.O __ ---

r."O"T STA"TUl O 1 05 Z lo 7 '41 SS I NG I COa 0 

-----------------1-~..!:~l..---"-"':;J----- l P,Co O ______ I 00, 0 . ..• . , --------- ·-· 

VICTIM J09 CLASSIFICATION 

RELATIVE AOJUSTEO CUMUL~TIVE 
,(,.<\SOLUTE F l':(OU~~CY FR;·. OUf ... CY A["lJ Fi::ra 

__ c,., u:::;n<>_)' .. ...1...A!J!cl. _________ CDOE. _ ____f Rf .. OUENC'l' ___ l<> t':'l CENT I_ _ (""RC ENT J .. -- .IO ERC!: NT I 

.... ···--· ··-···-: .. o...:.: ·- .20 .. ·. __ _. "•5 "· s 
_ _ (.,-_"!_OP __ · _· _-___ ·::___::·.::_::.-...::_:_:_-_"j-_..:_::_:.:_ 2,3 _____ 6. 3 _ ---- • .J>• 3 __ ______ . .l Oo 8 

C-"' t<L<> ? ? 1. 6 1. 6 

__ ..;!l=E._l T.CI'.:-. ___ __ ----- --~----~ ------0• s _ _ ___ Oo 5 _ ____ I Zo 9 _ __ _ 

I OAOJLD _________ -·-__ __J J_.---------2.6 ___ _ . So9 _ __ _ _ 5._9 ________ ..250 7 

.....:·.::. .: .. .JZ_..:..:::.:__:_:_z·.: ...:.: ____ ~ __ o.s . : ____ .. : o.s . __ ..... 26a 2 

ILIQT.QR,.A'I 16 9• 5 

_.-R._J)i,51..ER_ _ ______ __J._7 ___ _ _ _ ..:1_ ___ _______ 0 • .1 ·-____ __ o. 7 ______ --- __ 4-4-o 7 ... 

_ _ _ RI': fiOL TE~ . .. _" .......... . .. : __ .-:.::_:i !l _: ~:_-::_ .. 1 0 Z . : __ -~·_..:: :. ZJo O . . .... ·_ ·2 Jo O . . . . 6 7 o 7 

-.SHOT.,. .l Cl;F _____ .:_..:~.:.:::::....::. q :._--_:_· _ . _ -~ =-..:.:.:~ ~ ___ h_4-_:_ _ __ _ lo •-- ·- - - - · 69,_I ___ _ 

StiUTTL"' 20 46 10,4 10.4 7Q.S 

----11.JeE R"A t,t _ __ ---- - --~1-- _ ___ _.l 0 ______ --2.o 3 ______ 2o '3 _ ·-· _ __ ·- - !Ho 7 _ _ --· · 

. ..... : .. _:: ... . 22 '. .. -- · .6 .. .... _ ... .. .. I. 4 

____Jl'!;:N"[;1J\~ .• ---- ------ ~--·.:..:_i ).~ . .:: ... ::.::: . .. 9 • ....-.: ____ ,b.0. _ _ .. -----~• 0 .. 

26 26 5,9 

85,1 

91, 0 

__.-~ !'?!C. .5UP~R ... . - - - - - -· - - ·- ...2.7 _ ___ _ 4-____ -- · _ I), 9. - - .- · - ··. Oo 9 _______ ... . 91 o'il 

_ - __ G!:"cP AL SUP!:Q 

::..::._·_r1,ql!o ss_ .::_ 

OT H":;P 

. 29 23 

---~--29 ______ · -- _l __ • ___ .o.z ... 
J2 12 2. 1 

lOT,\L 
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2,7 

100.0 

97, l 

97, l 

100.0 
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-- VAR I ABLE· -- VA«OJO \11 CT l ~ A GE - • - -· ·--··· - - - --··------ - - --·· · ·- -

~~LA.TIVE ~OJU~T~D CUMULA.T!V!" 
"!l ~OLUTE f" "£:m1r;N(T f Pl ·,ur'•!(Y 

---C.A.lUOl<Y---LAUEL-.• - - ··· CC0£--F.llf".OUE"CY. - -C ?t:RCE NT I .•. (PE>K:Nl 1--
ACJ r~ro 

1 Pl:»CF: NT~- - -

. ___ _ .. · L~·: .. :.:.: .~ • _____ :: ..:. :·.: o.,;, ......• . o.9 o.9 - · -. ---·----~ - -... . ....... - . ~-.i.:....:r.,;~ ~-____ _-__ ·· .::.:.--=:.:i_··----lil - ---.a. 0 ---·---~--1---- ---..J .0- -- -

26 TO ~O 

-..3J_...Ul...3S------­

_ __ ..36 .TO 40 • 

3 10 5.3 

-4----·------1•-l-----~ .2.-.:----·-- -"· 5---

·· · . . s ... ··-- -·· ls . .. ··· - · 1 o.o 
- • .._ •• ••w• H~-· ...... • ::._-_.-l~!l-~S_:_ _ _ ______ -6 ----...b..Z--- 14 •D ----~ 14•• · ---- 2"• ;J ·-··-

46 TO '50 l' !16 19,9 44,7 

---St-1'0-55 - ·----- -· -----8-----1-1 t:J--- ---2.~. 9----·-- ;z.1. 5 - ------72 • 2 • 

- - --56 TO 60 -· .•. ." ." .. : .. .-: . 9 . - - ··· -82 .. ·--· -- - · - ·18+5---· -I O.O · • 91.:? · ·· 

~61-2'0.- 65----- ::_.::_:·..:_ __ ~10 ~..:..=:i1 .. _··_··----6.A-----~-6-----99 • 6 -· - -

66 TO 70 11 0,2 100.0 

- 0 -- -- - -·· ·1 -1-· --·- - · 2. &-- ·- I< IS~ ti.JG · - - ·-1 o,:i.o 
.. TOT .I.I.. 44~ ....... _ loo,() 100.0 

·- .\IARt.O.ilLE VAn032 TOTAL <JNOC:RGI', OUNO ,: XP 
------ ·- -- --- - ------.. -~-- -- -- -· -_, .. ···--··-------- ·-·----·-~ - . 

f"EL,.Tl'J<:' i.)JU:CT 1': 0 CV~11/LATIV!:: 
A8SOLUTf Ffir~~~NCY rPF0U~ NCV ADJ ~~[O 

---CATEG..JRT .LAECL - -·- - • - COO!:: .,..I"~ cOUl:t..C Y - I Pf !<CENT) • -( P~J-<CEt.T 1- --1 ?C:r.l(t-'.Nl t -

.2 TO 3 ~ONlHS 2 4 0.9 I ,2 I, 2 

__._:re ...6 . 1<0t.1T><s _ • _ - ·---.3-- ---2-----.0. $-- ----O. " ·-- - ---1 • 1 • . ---. 

T TO 12' "!QNlHS 4 0,9 I,;> 2,9 

--12- .:r.n _ J 9 - MCN"T~~- - --- ·- __ _s __ ___:, ____ - 1 • 6- __ ---·-· ..Z..,J) .. ____ -· 4 • 9 ··--

J 8 T(I ~ l MClNlHS 6 0.2 O,J 

-.....2_ TO. 3 YEARS - • ---.••• J __ _..z.. __ - --1-6 ___ ,-2..0 ··-·- _ _ ..:,, 2 • - - - • 

3 TO 4 T <:' AR S 

...--A--.lD 5.YEARS 

5 TO 10 Y~AFS 

- -l {L . ..J".O l S - Tf.A~ ~ 

l 5 TO 2 0 Y!';AI' S 

- - 20 TO -25 . YE AF; S 

• . . 25 l O 30 Yr. A ;.~ 
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Af>PENQIX 4-2 

CALCULATION OF JOB MOBILITY 

The employee history file maintained by the U.S. Bureau of Mines contains 

information on the latest job category, the date the first record was entered 

onto the file and the number of occupation changes as reported from re spir -

able dust sample data submitted to the Bureau. It is possible to calculate job 

mobility for approximately 85, 000 underground coal miners by noting the 

number of job changes in the dust sample data over the period starting with 

the first dust sample. The initial samples were distributed over 18 months, 

beginning July 1970. 

The procedure for estimating job mobility involved dividing the year into 

quarters, and comparing the number of job changes between the quarter 

in which information was first entered into the file and the date of file pro-

cessing to calculate job mobility. The number of miners entering the file 

each quarter were divided into two categories: those who had no job changes 

and those who had one or more in this or any succeeding quarter, The total 

number of miners who had changed jobs was shown as a percentage. This 

percentage was divided by the number of succeeding quarters between that 

quarter and the second quarter of 1972 which yielded an average percent 

change each quarter. The average quarterly in figure was divided by three 

to give the monthly percent change. For example, of the 3, 653 miners 

entering the file in the third quarter 1970, 1, 75 3 or 48% changed their 

job in this or one of the s u cceedi n g s ix qua r t ers until 1972. Dividing 48 by 

6 gives a quarterly change of 8%. In a similar way the change for the other 
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quarters was calculated, The average quarterly change was 9. 70%, the 

average monthly change was 3. 23% and the annual change 38. Bl%. Table 

A shows the approximate job mobility of all underground miners. Table 

B shows the job mobility for some selected job classifications. This 

was calculated in a similar manner to the overall underground miner job 

mobility in Table A. 
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TABLE A 

APPENDIX 4-2 
· · ··· - Page 3 ..... 

JOB MOBILITY OF ALL MINERS 

Calculated from the Employee History File 

Date first entered 3rd Quar- 4th Quar- 1st Quar-
into file 1970 1970 

Number entering 3,653 14,403 
each quarter 

Number of changes 1,753 7,159 
up until 1972 

Percent change 47. 99% 49, 70% 

Number of quar- 6 5 

ters to 1972 

Percent change 8. 00% 9, 94% 
per quarter 

Average percent change per quarter = 9, 70% 

Average percent change per month = 3. 23% 

1971 

11,605 

5,503 

47. 42% 

4 

11. 85% 

Average percent change per year = 38. 81% 
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2nd Quar-
1971 

8, 101 

2,864 

35. 35% 

3 

11. 78% 

3rd Quar, 
1971 

6,021 

836 

13. 88% 

2 

6. 94% 



TABLE B 
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Page 4 

JOB MOBILITY FOR SELECTED OCCUPATIONS 

Calculated from the Employee History File 

Monthly Quarterly Annual 
Average Average Average 

Motorman 1. 72% 5. 17% 20. 68% 

Shuttle Car Operator 2. 33% 7. 00% 28.00 

Loading M/ C Operator 2. 81% 8. 42% 33. 68% 

Roofbolter 2. 82% 8. 46% 33. 84% 

Continuous Miner Operator 3. 31% 9. 94% 39. 76% 
l 

Timberman 3. 74% 11. 23% 44. 92% 

All Mines 3, 23% 9. 70% 38. 81% 

148 
; 

-- - --~-,---··. ··-~ ---~-- ·--------·---------------~----~·~----~·-··--·-~--- - ~---~·-- -- ~-- ·-·-----~-···· 



.. ___ .. ---·---··------------------------····----------·---------------··-------·--APPENDIX_ 4.:- 3 -·- .. --.. 

Occupation 

Vent/Brattice 

Beltman 

Supply /Utility 

Laborer 

Timberman 

Electrician 

Mechanic 

JOB MOBILITY FACTORS 
CORRECTED FOR FACE/NON-FACE 

MOVEMENT AND VICE VERSA 

Original 
Monthly Correction 
% Change Factor 

4.41 0.2033 

4.05 0.2737 

3.95 o. 2837 

3. 93 o. 4·944 

3.64 0.0441 

2.77 0.2786 

2. 56 0.4574 

Page 5 

Final Monthly 
% Change 

3.51 

2. 94 

2.83 

1. 99 

3.62 

2.00 

1. 39 

The correction factor was obtained by examining the cross-tabulation of 

occupation one by occupation two for the percent change between face and 

non-face categories, and vice versa. 
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CHAPTERS 

THE SAFETY PROFILE ANALYZER 

THE ORIGINAL STUDY CONCEPT 

Theodore Barry and Associates proposed in early 1971 to develop a 

pre-accident safety analysis device which would allow mine managers 

and inspectors to assess the accident producing potential of a given 

mine more accurately and to take steps to correct the identified haz-

ardous conditions before an accident occurs. The proposed device, 

originally known as the Safety Profile Analyzer (SPA), would also 

serve as a tool for measuring the effectiYeness of various accident 

prevention and safety prog;:ams. 

The SPA was to consist of a n interrelated set of factors that were 

found to contribute to all underground bituminous coal mine accidents. 

Fires and explosions were excluded. These factors would take on a 

range of values from very safe to extremely hazardous and would be 

scaled according to their importance as accident predicto:::s re.lative 

to the other factors. When applied to a specific mine or mine section, 

the device would describe the safety profile of the mine, highlighting 

those factors that have become critical from a safety viewpoint and 

indicating the most appropriate kind of remedial action to take. 
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Initially the model was to be developed, tested, and implemented in mines 

in the Pittsburgh Seam in Pennsylvania. A specific seam was selected 

to permit an in-depth and more detailed study of accident problems in 

specific mines. Restricting the study to the same seam provides some 

conunonality of geological characteristics if not uniformity. For example, 

the coal characteristics, the seam height, the roof condi.ti.ons, the 

overlying and underlying strata, and the ground pressure and overburden 

tend to be relative~y similar. Moreover, and just as important as the 

geology, the mining practices, the equipment, the state mining laws, 

the labor practices, the state and Bureau of Mines inspection and enforce­

ment policies, and the myths and the well-founded beli.afs of safe mining 

practice, all tend to be more uniform in a restricted geographical area. 

By keeping all these factors relatively consistent, it was felt that the po-

tential effect of management policies and safety practices on accident rates 

would be easier to identify. 

1. The Pittsburgh Seam is part of the Main Bituminous Coal Field of 
Pennsylvania, and it extends into West Virginia. Pennsylvanian Reserves 
ar.e now mainly in the Washington and Gr e ene Counties with small areas 
in adjacent counties. Although the Pittsburgh Seam is restricted to a 
relatively small part of the Main Bitwninous Field, the persistant 4 to 6 
foot thickness makes it one of the main sources of mineable coal. The 
geological structure is basically a series of broad, low, northeast­
southwest trending anticlines and synclines. Dips ar e generally less than 
2 ° and rarely more than 8° . The re are no known significant geological 
faults to present problems in mining continuity. Production is almost 
entirely from large underground mines, many of which are captive or owned 
by large steel, oil, or utility companies. 
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Among candidate sea:ns, the Pittsburgh Seam was selected for a number 

of reasons: 

• The major mines in this seam are 11 captive 11 mines, i.e., 

mines which are owned by large steel, utility, oil or holding 

companies. These mines were judged more likely to have 

good internal recorded data germane to the study and were 

thought to be more willing to cooperate and be interested in 

the objectives of the SPA. 

• A number of Bureau roof control experts recomm.ended the 

seam as a seam with very difficult roof control problems. 

(Originally the SPA study- was restricted to roof fall hazards.) 

The initial methodology proposed for developing the SPA model involved 

determining quantifiable measures for safety factors. The measures 

would then be related to the probability of accidents via accident analy­

sis and via the Delphi technique applied to interviews with mine safety 

experts and to published material on mine safety. Having deve loped a 

theoretical profile instrument for assessing the mine accident potential 

in the first phase of the study, a second phase would implement and 

test the instrument. The third phase of the study v.o uld consist of for-

mulating revisions and providing an overall evaluation of the approach. 
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The steps to achieve the SPA model were as follows: 

Task 

1, Identify potential 
accident factors 

2. Size factors, establish ) 
measurement scales ) 

) 
3. Estimate relationship ) 

of single factors to } ___ _ 

accident occurence ) 
) 

4. Estimate compound 
relationship of factors ) 
to accident occurence ) 

5. Formulate the initial 
SPA model for mine 

Information Source 

Interviews with experts, pub­
lished material, contractor 
fatal accident data base, misc. 
data collection 

Delphi technique on expert 
interviews, accident analysis, 
observation, mine dat2. col­
lection, and summary analysis. 

Development of simple for­
mulae or weighting scales 
that approximate complicated 
probability relation.ships 

The SPA model would hopefully have assembled all that was known about 

safety in underground coal mines in a more helpful form for both mine 

management and the inspector. The model would have resembled the 

rating form that fire inspection rating bureaus use to rate the fire clas-

sifications of cities. These fire classifications for cities significantly 

affect the fire insurance rates for an entire city and over the ye ars have 

evolved by empirical evaluation. Each factor in the fire rating model is 

measured and assigned points and a complicated weighting formulae is 

used to derive an over-all rating number from 1 to 10. 
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The SPA model, like the city fire rating model, would have assessed 

the human element in addition to the physical factors. The fire i-ating 

model assesses the firemen training programs, including training 

records and standards, as a way of assessing the quality of the men. 

The assumption behind both the proposed SPA model and city fire rating 

model is that a large collection of mild hazards may equal the risk of 

a single severe hazard and that both human and physical dimensions 

must be measured to assess future risks. 

The city £ire classification model took years of trial and error develop-

ment based on empirical data of fire losses and city scale ratings. It 

was hoped that the SPA model development could be essentially formu-

lated in less than a year. However, after a few months of gathering 

data and assessing the information available for model development, 

it became clear that the data available was unsatisfactory and insuffi-

dent. For example, the model was to concentrate on roof fall accidents. 

In the available non-fatal injury accident data kept by the companies 

one could not determine whether the roof fall accidents had occurred 

under unsupported roof (a factor highly influenced by work procedures}, 

temporarily supported roof, or permanently supported roof, (a factor 

highly influenced by support plans). Also one could not determine the 

pertinent physical dimensions such as entry width, intersection dimen-

sions, roof height, thickness of overlying ntrata, etc. Finally, the i 
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initial interviews with the most knowledgeable people were not yielding 

much information as documerted in the next section. 

The contractor and Bureau officials considered the steps necessary to 

overcome these data problems and weighed the opportunities to assist 

the Bureau to revise their accident data and analysis system. The 

mutual decision was to revise the contract as described previously in 

Chapter 1. The decision likely resulted in greater progress for long 

range development of an SPA model, by helping the Bureau develop a 

new technical and organizational system to collect more comprehensive 

data and to perform morr; s y s tematic a ~--ialys es of safety problems. 

We are hopeful that the Bureau will continue work on the developrre nt 

of a SPA model in the future whose potent ial r i gor and e ffe ctiveness 

should substantia lly as s ist tho s e atte mpting to evaluate the de gree o f 

hazard in the underground coal mines, 
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METHODOLOGY OF THE SPA INTER VIEWS 

One of the primary methods to be used for collecting data to build the 

Safety Profile Analyzer was a series of interviews specifically designed 

to elicit information concerning 1) the factors that contribute to under-

ground bituminous coal mine accidents, and 2) the degree of hazard 

associated with each. The interviews were held with persons from a wide 

variety of groups associated with the cc,al industry in order to bring the 

broadest possible spectrum of experience and knowledge to bear on 

the problem of identifying hazardous underground condiHons. Included 

were mine safety inspectors, health inspectors, roof specialists, con-

sulting mining engineers, univers ity mining engineering professors, 

mine managers, foremen, and the miners themselves. The following 

will describe the philosophy and methodology of these interviews, 

along with the findings and conclusions. 

Two types of interviews were employed in this study. The first type was 

a free forrna t inte rview consisting of ope n e nded questio n s . These w e r e 

used with as wide a cross-section of coal mine representatives as 

possible in order to compile a complete list of all those factors believed 
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to be critical factors in accident occurrences. The free format questions 

were also used with these same groups to obtain information which could 

later be used in the development of measures for each factor. 

Once the list of factors had been established a second set of interviews 

were administered. The group interviewed in this series consisted 

primarily of inspecto!'s who were familiar with the specific conditions 

in mines in the Pittsburgh seam. The purpose of the second series of 

interviews was twofold; 1) to determine the degree of hazard associated 

with each factor in order to rank the factors by importance, and 2) to 

develop a scale for each factor and identify the point at which it becomes 

critical. Because a wide range of responses to the questions in these 

interviews was anticipated, the Delphi Technique was tu be used to obtain 

a definitive group consensus. 

The Delphi Technique is an often used method for eliciting opinions from 

a panel of 11 experts 11 • Briefly, it involves a series of interviews or 

questionnaires interspersed with selective feedbacks to those being inter-

viewed of the earlier group responses. The goal is to ''tighten" the 

·range of answers and to reduce the variance in the group opinions in 

each iteration of interviews. 

For successful application of the Delphi method three important con-

ditions must hold. First, the group involved in the process must be 

knowledgeable in the subject areas so that it can reasonably be assurn.ed 
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that their combined wisdom will produce the 11 correct11 answer. Second, 

there must exist a recognizable group cons ens us, however slight, on the 

first round of interviews. If the responses are dipolar of if they are 

uniformly distributed across a range of possible responses, the Delphi 

Technique may fail to deliver a group consensus. 

Theoretically, an extremely divergent opinion, among the cluster of 

expert opinions, may be extremely useful because that expert may 

possess a superior insight into the problem. Presumably, as the expert 

panel members examine the various assumptions, facts and logic support-

ing the various positions, the panel members may clarify or modify their 

own position. In successive interviews, the opinions usually converge 

toward a group concensus. Usually the strongly divergent opinions shift 

toward the opinion cluster, but sometimes the opinion cluster moves 

toward the originally divergent position. 

Finally, the consensus of the group in successive interviews must 

approach the 11 correct11 answer. Suppose, for example, the roof support 

experts were asked to evaluate the relative degree of roof fall hazards 

associated with bolted intersections of 22 x 22 feet in a specific mine 

versus the same intersections being supported by yieldable steel arches. 

Suppose also that the experts' opinions conve rge on an estimate that 10% 

more roof falls will occur with the bolted s upport versus the arch 
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supports and the facts are that 100% more roof falls will occur under 

the bolted roof versus the yieldable arches. In other words the Delphi 

technique applied to group expert opinions is not a substitute for good 

empirical data. Consensus opinion does not guarantee validity. 

When the study methodology was first designed, it was assumed that 

all of the prerequisite conditions existed. I3ureau inspectors were 

specifically selected as an appropriate group to interview because it 

appeared they were the most 11expert" in the field of coal mine safety. 

It was felt that the inspector was in a posilion to have maximutn ex-

posure to lhe specific coal ~ines in the study because of the very nature 

of his work. He regularly visits a wide variety of mines in a give n area 

using different mining styles under varying conditions. Furthermore, 

since his function is to enforce safety regulations, he is undoubtedly in 

one of the best positions to reflect on those conditions which create 

either a safe or an unsafe working environment. 

As will be seen in the next section describing the results of these inter-

views and their shortcomings, the three criteria for succe ssful applica­

tion of the Delphi Technique seldom existed. In some c ases, the inspec-

tors were not able to a ssess the hazard potential of the factors. When 

the y could, the answers were often inconsistent or c ontradictory a nd 

failed to converge around any specific response. 
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After the completion of the first round of interviews in which over thirty 

inspectors in the subdistrict offices of Washington, Waynesburg, New 

Kensington and Kittanning were interviewed, it became apparent that 

either the inspectors were not going to be "expert11 enough or that we 

were not II expert11 enough in obtaining the information to produce a group 

consensus using the Delphi method. The interview approach and the 

Delphi method was consequently abandoned. The information which had 

been obtained in the interviews was sUinmarized and incorporated into 

the accident analysis approach which followed the Delphi experiment. 

Perhaps, subsequent iterations of interviews with the inspectors and 

other knowledgeable experts wm--~ld have yielded more satisfactory results. 

However, the interviews were costly and the accident analysis approach 

r.eemed more likely to yield more predictive information. 
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FINDINGS OF SPA INTER VIEWS 

Based on the open-ended int erviews wit h health and safety inspectors, 

roof specialists, safety engineers, mine managers, .foremen, miners 

and various members of the USBM technical and research staff in the 

district offices, the following list of factors emerged in their collective 

opinions as potentially critical to mine safety. 

Physical 

Roof Composition 
Mine Dimensions 
Pillars 
Season 
Temperature &. Moisture 
Time of Day 
Overall Appearance 
Age of Mine 

Sociological 

Team.work (Sense of) 
Violation & Accident 

History 
Management Policies and 

Attitudes 
Crew Size 
Crew Utilization 

Technical 

Roof Support Method 
Implementation of Roof Support 

Plan 
Roof Test Methods 
Equipment (Operation &,; Maintenance) 
Level and Rate of Change of 

Production 

Psychological 

Worker Skill & Judgment 
Forer.t1an Skill &: Judgment 

Each of these factors were then included in the second series of inspector 

interviews. The following paragraphs sununarize the results of these 

interviews. 
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Roof Composition 

Most inspectors agreed that clay veins and slips represent the greatest 

danger. Other hazards include kettlebottoms, cracks, and slickensides. 

Water dripping through the roof was also an indication of dangerous top. 

Mine Dimensions 

Sixteen-foot entry widths were generally considered superior to other 

sizes in the Pittsburgh seam, although some inspectors felt that wider 

entry widths could actually support dangerous roof just as well. 

Increasing the entry width from 16 to 18 feet was likely to increase the 

probability of a fall by 15% and the incre ase from 18 to 20 feet by another 

15%. The probable effect of searo. height and roof height variation in the 

Pittsburgh seam on accident probabiliti~s was unknown. 

Pillars 

Many inspectors felt that there was a 11right11 pillar size which depended 

on roof conditions, but they did not know how to determine this optimal 

size. Ther e was little danger associated with making the pilla rs larger 

than this 11 right11 size; however, significant hazards were associated with 

making pillars so small that they would fail to provide ade quate support, 

Season 

Winter was considered slightly more dangerous because the dryness made 

explosions m ore like ly, It was unknown w hether the sea sons a ffe c ted t he 

incidence of roof falls. 
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Temperature and Moisture 

Moisture or water dripping from the roof was considered a possible sign 

of danger since it could indicate broken strata above and a great deal of 

pressure on the roof, thereby increasing the possibility of a roof fall. No 

one could describe how to determine if the moisture was due to conden-

sation or to water coming through the roof. 

Jime of Day 

No one shift was considered intrinsically more dangerous than another. 

Lunch time and right after a shift change were felt to be slightly more 

. 1 
hazardous time periods than other times during the shift. During the 

lunch break roof was often left unsupported or only partially supported, 

thus increasing the probability of a roof fall. When a ne"v crew came 

on they might not often hear about difficult conditions discovered by the 

outgoing crew or the outgoing crew might not have finished with some 

aspect of the support system, both creating rnore treacherous conditions. 

Overall Appearance 

This was believed to be a direct function of the Foreman's Skill and 

Judgment. Good housekeeping was believed to be evidence of an orderly 

and well managed operation which thus would experience fewe r a ccidents. 

Age of Mine 

Unknown 

1. Note that this is directly contrary to actual facts. See section on 
Time Factors, Chapter 4. 
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Teamwork 

Inspectors were almost unanimous in the belief that men working ·well 

together on a team created a safer working environment as well as 

higher production rates. It was felt that the men would help each other 

and look out for dangers to 11the other guy11 in addition to themselves. 

There may be a synergistic effect for men working together on the same 

shift for a few years. That is, the team accident avoidance learning 

curve may even look better than the individual's learning curve as time 

passes. 

Violation and Accident Histor-y: 

Related to Management Policies and Attit1.1des. 

Management Policies and. Attitudes 

"Good" management policies were considered to create a safer mine. A 

precise or specific definition of what constitutes good management was 

difficult to obtain but appeared to have at lea.st the following characteris-

tics: emphasis on production with safety, and sincer e interest in safety. 

Crew Size 

Unknown 

Crew Utilization 

Related to Foreman Skill and Judgment. 
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Roof Suppc,rt Method 

It was generally agreed that bolts are better for roof support than posts. 

For example, posts get knocked out frequently. On the other hand, posts 

will give a better warning of impending falls by cracking and popping. 

Crossbars are considered to be better than bolts alone, and trusses may 

be better still, even though they are still in the experimental stage. How 

much hazard is associated with each method was unknown. 

hnplementation of Roof Support Plan 

The inspectors could only assume that a mine following the roof support 

plan helped to create a safer environment since they had no way of know-

ing how much support was enough for any mine. 

Roof Test Methods 

It was generally felt that there was no accurate way of testing the roof 

and therefore the frequency with which it was done was irrelevant. Many 

inspect ors spoke of the accuracy of pinging roof bolts or sounding the 

roof; however, just as many felt that these methods were worthless since 

the roof could look good and sound good but, in fact, be bad. 

The following chart was developed with one experienced miner: 

23% of roof is bad roof that is considered bad because the 
hazards can be detected. It will be made safe by the extra 
care given to its support. 

75% of roof is bad roof that is considered good because the 
hazards cannot be detected. This is the roof that kills. 

2% of roof is good roof that is considered to be good roof 
and is, in fact, actually safe, 
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Equipment 

The kind of equipment was considered important for all accident cate-

gories except roof falls~ but a quantitative estimate could not be given. 

Production Level 

The effectiveness of this factor on the hazard rating of the mine was 

difficult to determine since it was felt that both high and low produc-

tion rates could be hazardous. What was suggested as perhaps more 

important to safety than the level of production was 1) whether there 

was a feeling of pressure to produce, in which case the miners were 

likely to hurry and take short cuts, or 2) changes in the production level. 

The effect of changes in the production level is particularly difficult to 

measure. There are so many potential reasons for the change such as 

a new man on the job, an inoperative machine or hitting a problem roof 

area, that is difficult to determine which is the primary and which is 

the secondary cause of any accident that occurs. 

Worker Skill and Judgment 

Two elements of this factor which inspectors uniformly agreed were irrJ­

portant and significant in the overall safety of a mine were experience 

and training. At the same t ime each inspector could cite examples of 

men with years of underground and relevant job experience who foolishly 

go under unsupported roof unne c esssarily. Some expressed the belief 

tha t e v e n thos e old timers could b e retra ine d, a lthough w ith s on1e 

difficulty, to break these unsafe habits. 
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Foreman Skill and Judgment 

Of all of the factors considered in the inspector interviews, this one 

emerged as the one judged most important. There was unanimous agree~ 

ment among inspectors that the foreman was the key elen~ent in mine 

safety. Almost all could describe case histories cf foremen who had 

never had an accident on any of their shifts, Three criteria were sug-

gested for evaluating a foreman. 

1) General cleanliness and appearance of the mine from the 

dinner hole to the ramp. 

2) Crew Work. Is teamwork and cooperation present in the 

men? Are men well trained espE:acially with regard to safety 

procedure, such as setting temporary support and checking 

regularly for gas? Is deadwork done voluntarily? 

3) Foreman knowledge and managerial capabilities. Does the 

foreman know rules of accident prevention, the roof con-

trol plan, and the ventilation plan? Can he handl e his 

men w e ll? Is he a strong a nd effective supervis or? 

SUMW.LARY 

The findings described above have bee n s ummarized m T a ble l on the 

following page: 
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TABLE I 

RESULTS OF INSPECTION INTERVIEWS 

Roof Composition 

Mine Dimensions 

Pillars 

Season 

Temperature and Moisture 

Time of Day 

Overall Appearance 

Age of :Mine 

Sense of Teamwork 

Violation and Accident History 

Management Policies and Attitudes 

Crew Size 

Crew Utilization 

Roof Support Method 

Implementation of Roof Support Plan 

Roof Test M ethods 

Equipment 

Correlated 
with Safety 

X 

X 
(Entry Widths) 

X 

(Explosions 
Only) 

X 

X 

X 

X 

X 

X 

X 

X 

168 

Unknown Unrelated 
Relation to to 

Safety Safety 

X 

X 

X 

X 

X 
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Level of Production 

Rate of Change of Production 

PSYCHOLOGICAL 

Worker Skill and Judgment 

Foreman Skill and Judgment 

! __ --------------·-· 

----- ---

TABLE 1 
(Continued) 

Correlated 
with Safety 

X 

X 

X 

169 

·-------·-·--------·--·-- ·---·-----.. 

Unknown 
Relation to 

Safety 

Unrelated 
to 

Safety 

X 

i 

-----~--- - -_J 
THEODORE BAFWY AND ASSOCIATES 



.. -- -~~· -... -----·--~----·-----·-----·---------~------~---~-·----- ------- ---- - ·--- ·- ····-·---- ·-·····- f 

From the description of the inspector responses towards each of 

the factors and from the sununary presented in Table 1, it can easily 

be seen that most of the inspectors felt that the majority ( 14 out of 21) 

of the £actors were related in some way to mine safety and the incidence 

of accidents, Three factors (season, roof test method, and level of 

production) were felt to be unrelated. The relation of the remaining 

four factors to safety was unknown. 

Of the fourteen factors considered critical to accident occurrence, two 

emerge as particularly significant based on the results of these inter­

views: 1) Management Policies and Attitudes and 2) Foreman Skill and 

Judgment. Both of these factors were described as directly affecting 

several of the other factors o.n the list. Violation and A-::cident History 

and Level and Rate of Production were both considered a function of 

Management Policies, Overall Appearance, Crew Utilization, and 

Irn.plementation of the Roof Support Plan were directly related to the 

Foreman's Skill and Judgment. 

The inspectors were able to offer some suggestions concerning the di­

mensions which might be appropriate for use in evaluating the 11 goodness11 

of Management Policies and Attitudes a nd Foreman Skill and Judgment. 

Unfortunately none of these dimensions are reported in accident reports. 

As a result it is almost impossible to· substantiate or disprove historica lly 
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the inspectors 1 feelings about the importance of these two factors. We 

feel that more research into the composition of these behavioral factors 

and a determination of ways to measure the various elements would be 

of substantial benefit. 

Six other factors, essentially related to Management or the Foremen, 

were felt to be related to safety by the inspectors: Equipment, Roof 

Composition, Mine Dimensions (entry widths), Pillars, Temperature 

and MoistL;re, and Time of Day. The inspectors could not describe the 

effect these factors had on safety, nor indicate how they could be mea-

ured. Because each of these factors reiate to physical aspects of the 

mine or to actual equipment in usage, these factors could potentially 

b~ analyzed to see if there was any statistical correlation with acci-

dent occurrence. This was done during the Accident Analysis phase 

and is described in Chapters 3 and 4. 

COMMENTS CONCERNING USBM INSPECTORS 

All of the consultants who performed the interviews were convinced that 

the inspectors were far more knowledgeable about safety than we were 

able to elicit in the interviews. Why was the information we obtained 

from the inspe ctors so inconclusive? The inspectors themselves s uggested 

several reasons. First, the chief responsibility of the inspector is to 

deal effectively and efficiently with the required inspectio n provisions of 
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the law. This is c. tirne -~c.onsu:.n~.ng proc~ .s s in •.vhich rn.:id:1 cf the e:fort 

is t.::xpended b. \vriting ,ri()latio:ns and 1·eports rathe:.: than o·b:cerr..ng, 

analyzin.gr co:r:.:ccting~ or studying geneT~.~1 .safety con<lltior,_s in ihe mine. 

Secondly, the int~pector s co1nplained they need 1nor e detallcd aud tin1.ely 

background info:rn:1.ation en the minc-; and especially analysis Di' its acci-

de::.,t and violation history. This kiud of data would ena:.ile t.hcm to f0c:u:.; 

on the specif:i.c problems which keep recur:ri:ng :tn a g:iven rn:ne and to 

focus or. the underlying problems. Without this in.iorm.atlon, they rnu r,t 

-rely 0:1 inb:dtion, expe-::i.encc, and powers oi cb":>ervatio::i. 

Thirdly, the two sa.fety fa.ct:ors univ~, r s,dly believed to be the most im.por-

tan.t t.i::-e ahnos t outside CJf the -in:spect~lr 1 ~ con tr0J. L e, > io ren::iari skill r .. n<l 

judgernent a.nd ~-r,2nag1:;T1cnl attinid,~ and. pcl:lcy. Ce:rtain:i.y th,;;: i:nspeclor can. 

i:at1uence various ru.anage:rnent polide~, and attitudes, bt1t he can't controi 

t11<~se fac~o:rs unless he ass1..1rnes o-ce:rational cor:.trol of t.b.e mine • ... 

Regardless of th1~ pi· oblems far.::i:rrg lhz i!'.sp~ ctor, he still e:>c1.d.e s the strong-

e~t interest in safety of ?.11 the groups interviewed during the cour~e of 

this study. H e can Telatc we:J. to the nnde .i·grcuntl mine:t.' and has a i:;incere 

interest in helph,g the m.iner do his job i11 the roost efficient and sa.fef;t rnan·-

n,e,.r possible. ?'reed frc,m thne -consmning consh'aiuts c>.n<l arTned with better 

n.1aterfa.l on the safety c on<liticns a.~-1d rncre detailed a.cciden.t analysis of rnine 

accidents in his area, the in~-pe,:tc-r .fei-?1fi h~ . could be even :n:w r e valuabl~ :i:c 
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'I'he Bureau lias devoted a .. ~01u,i.uerable effort and expendi.tui:e oi rnoney 

to provide th(' inspector with grec>.ter knowledge of accident occurrence 

and inspectiC!n violation histo:ty of the rnin.e$ he is inspecting. Beginning 

in .Ap:ril, 1972, all reported accicents on revised forn-is are forwarded 

l:(1 the inspectio:o district. ()£fices, and a corn.puter systern of sua1mariz-

ing violations for each district 1s under c1eveloprnent. 

Unfortunately, at the time this :;~ese2.rch was conducted the i:.1.s?edt)rs 

were not yet receiving any helpful feedback summaries of accident 

information. Individual sur.r..n1a:t:ies c.f accident types at a given mine 

a.re helpful but rnn.st be cor:.:1pa:;.·ed to a. larg:e:.r sa.n1ple oJ t:>imUa.r rnines 

to inore adequ.itely detcrmi.ne significance. Moreover, the n1ost recent 

da.i;a needs to be statistically cnn1pa1·ed with the. past to ckt.err.n.in.e if 

any slgnif.i.ca.nt increase or decrease i.n at;cident occurre!".tce transpirE::d, 

Without ;;:;tati.st-i.cal coritrol cbarts, the moP.th-to-month or quarter--to-

quarter shift in a.cddent data tends lo p1·ovoke under-reaction o :r m .ore 

typica.Uy over --:reaction to r.andorn. £hi.ctuaticns of accident occurrence. 

We feel that th~ inspection effort.~ of the Bureau would be significantly 

improved by mo :re detailed investigation iato the facton; associated 

wi.th various kines of acci.de11.ts. Thi s .:fa.ta must be p1:ovide<l to the 

inspectors if they axe to exert an t~fiective accident p1·evention influence. 

For exarr1ple, mines with conti1'!.G011s anger or continuous ripper m.achines 

are clarrnified together as n1ine s w ith i::011tim::.ous equipment Oi.l. the new 
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Bu.res.u acddent form. Sitnilarly_. no pJ:ovision is made to <leter:rnh,e 

if roof fall ;;i_cci.den.ts occurred in inte1·sedions versus the entries and 

crcs.scuts, or whether the roof fall was u.nder pern1.anent roof support, 

temporary roof support or unsuppor·tc'.!d roof, Either special studie~: 

nrnst be conducted to determine more specifically the rela.ted condii:io1;s 

associated with accidents, or more details a1·e needed int.he non-fatal 

accident reports forwarded to the Bureau.. More precise inforr .. ~ation 

is needed to est2.b°li sh better roof control plans, equipment specifications, 

hu....--nan pct:forn1ar.ce criteria, and helpful inspection emphasis. 

In 'Nest Germany. every disabling injury with an expected severity of 

greater than three days 1 time away fror:1 the job is investig2.ted in detail 

el.ther by a. gov~rnn~ent inspector o.r a gcv~rnrri.ent certified c0n1pany 

official. The b 1:inefit of th:i s data. is enorn1ous to their mic.e inspectors. 

This detailed data identifies the m.ost crucial :;;afe=y factors and problems 

on wliich the inspector can then focus his attention. West Germany has 

an excci.hmt safety record in underground coal mining cornpared to the 

U.S. and we believe that excel1ent accident data is an important part of 

their safety program. Similarly, in the U . S. we feel i.t is no coincidence 

th;,t coal m.ine managements who gather dcta.iled accide nt data and who 

analyze their data also achieve bett.:: r safety :l·ecords. 
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