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SECTION I

INTRODUCTION AND DESCRIPTION

OF THE STUDY






























In the final chapter of Section IV, 'Insights, Observations,
and Comments'', we have collected and edited a number

of ideas which lack either the empirical support or the
significance of the Major Fatality Reduction Projects and
the Areas of New Research., We offer them not as TB & A-
supported conclusions, but as stimuli to further thought
and creative analysis.

Volume II DATA AND CHARTS

Volume II introduces the essential minimum of technical
mining terminology to facilitate understanding of the report
by non-technical individuals; describes and illustrates the
primary mining techniques through the use of multiflow
process charts; and presents typical work-cycle times and
the means and standard deviations of basic work element
times.
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EXHIBIT 1

AREA DIMENSIONS:

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

a. How was this presecnt plan derived?

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

c. Do you use trusses, metal strips, screens, etc?

d. When can you have too much support?

4., What is your standard face width?

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

b. Is this working face width safe?

5. What is the standard size of your entries and intersections?

a. How did you arrive at that width?

b. Are you satisfied? Is it safe?

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

How?
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EXHIBIT 1

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

a., Are vou satisfied with them? Problems?

b. What kind of relationships do you have with manufacturers?

c. Do the new federal requirements cause you grief? New accessories?
Additional costs?

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

e. What kind of maintenance problems do you have?

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

a. Do you work together?

b. What rules bother you the most?
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SKETCH SHEET

EXHIBIT 4

Average Time

Average Time

Average Time
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Data Base Computer Software

The data base was prepared as specified for a commercial software pack-
age called""QPAK' which is offered by the International Timesharing
Corporation of Minneapolis. The data file physically resides on a disc of
a computer in Minneapolis and is available virtually all over the country
by way of the telephone system and a teletype terminal.

The software is a combination of a cross-tabulation program with Boolean
logic capability, a formatted report writer, plus a convenient statistical
analysis library. The software permits a person to determine the frequency
of occurrence for any variable and a sub-category by typing its label or
name. With a few typed commands, either a tabulation of individual var-
iables or a cross-tabulation table between one or more variables can be
easily developed. These tabulation tables can be made more complex by
restricting the tabulation tables to Boolean combinations of cases in which
a third or fourth or fifth variable must have occurred, These restrictive
variables are called "limiters'" and provide an enormous range of tabulating
possibilities to the user.

The general capability of the computer in this kind of analysis cannot be
underestimated. For instance, consider the amount of time required to
manually scan the coding sheets for 700 accidents and tally the simultan-
eous occurrences of certain codes within five columns. Such a task would
take a considerable amount of time and is subject to a high error rate. On
the computer this process can be performed in a few seconds without errors
(assuming no coding errors) and the results cost iesz than $1.00 per table.

An important aspect of the computer tabulation versus the manual
tabulation is the reluctance of engineers to submit themselves to the drud-
gery of manual tabulation. Quite a number of research personnel in the
Bureau who have heard about our data base have shown us partial manual
tabulations they have abandoned. With a computer, the investigator will
be able to obtain more information in greater detail than with manual
tabulation,
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Data Base Description

The data base developed by Theodore Barry and Associates consists of
731 fatal underground biturminous coal mining accidents, representing 831
victims, which occurred from January 1966 through Decembzar 1970. This

is not the total official number of fatal accidents or victims over the five-
year period because we had not received several reports when the data was
coded and processed, We also did not code explosicn accidents, including
two explosion disasters totaling &7 victims. Thus, the 731 coded accidents,
plas the two explosion disasters with 87 victims, represent 918 of the 966
official fatal underground victims, or approximately 95% of the official total.

In each multiple victim accident, the data base currently contains the in-
formation on the one victim who we felt was either the most responsible
for the accident or most involved. For instance, in a ma.ntrip accident
with 9 fatalities, the age, occupation, and experience of each victim is

not especially meaningful for analysis purposes. Biographical information
on victims who had little to do with the accident occurrence could be mis-
leading if included in the data base. On the other hand, information about
the driver of the mantrip locomotive who was careless and caused the ac-
cident is important and is in the data base. One shortcoming of the present
data base is that if the person causing the accident was not a victim, no
information is recorded for him; this will be corrected in future work on

the data base.

All frequencies in the exhibits shown in this report represent the number
of fatal incidents rather than the number of victims involved in accidents.
Cur analysis assumes the circumstances surrounding a fatal accident are
of more importance in reconstructing fatal accident patterns than the rum-
ber of lives lost. The data, however, can be usedto approximate the num-
ber of deaths as the ratio of accident incidents to accident victims is very
close to a one-to-one ratio. In fact, the ratio of incidents to victiras for
the data base is 1 to 1. 14,

A more exact figure for the number of fatalities can also be obtained, it
desired, as the number of fatalities per accident have been coded and can

be tabulated against any combination of factois which simulate the pattern

of accidents. For example, if there were 145 accident incidents in inter-
sections, we can determine the total number of victims killed in intersections.

In summary, the data base has been constructed in terms of number of
incidents to most significantly reconstruct the circumstances leading to

a fatal incident. Information on the one victim judged most relevant to

the accident is included in the data base to avoid irrelevant information
and misleading conclusions. When desired, the exact number of fatalities
can be determined from the data base for any szt of accidents. Exhibit 3
provides a complete tabulation of all coded variables in the data base.
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I1II. LIMITATIONS OF THE PRESENT FATAL ACCIDENT DATA BASE

A. Lack of Normalized Fatality Data

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

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

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

@ Equipment configurations, crew assignments, and manhours
of operation.

Obviously obtaining industry-wide data on certain variables is essential if
the data base thus far established is to be utilized to its greatest potential.

B. Non-Fatal Injury Accidents

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

fatal injury accidents is important and independent of fatality accident data.

Moreover, the annual fatal accident frequencies in various categories are
often too small for meaningful analysis. One way to expand the fatal accident
data base is by grouping fatality frequencies for several years. This, how-
ever, tends to create an obsolete data base and can lead to erroneous inter-
pretation of the causes of today's accidents. This is a serious drawback of
the current TB & A fatal accident data base utilizing data from 1966-1970,
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The number of mines in that time period have decreased from over 5,000
to about 2,500 and the effect of the 1969 law is almost totally obscured.
However, detailed information on fatal accidents is virtually all that is
available to the Bureau for analysis, and without grouping the five years
(1966-1970) the frequencies are too small for reasonable statistical

analysis.

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

This non-fatal injury data is readily available. It is provided by companies
to the Bureau of Mines who sends it to the Accident Analysis Department.
The Bureau requires the data within 30 days of the accident, except

for small mines. The accident report presently consists of either a one
page report with standard questions, or a state workmen compensation
form.

Unfortunately very little circumectantial data is reported on the non-fatal
injury data forms. In addition, the information reputedly is not always
reported faithfully by the companies. Furthermore, the Bureau does not
usually conduct an investigation of the accident.

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

We have been told again and again by Bureau research personnel that
many of their research projects seriously suffer from the lack of de-
tailed statistical data on the circumstantial data associated with accidents.,
We believe an urgent need exists within the Bureau to report important
key variables associated with non-fatal injury accidents.

Equally important, we are convinced that the data base needs to be in a
user-oriented form such as the computerized data base built as part of
this contract for fatality data. Only when Bureau personnel can quickly
and easily test large numbers of variable combinations can they ade-
quately discover critical relationships, define problems, set research
and inspection priorities, and monitor accident suppression progress.
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® To obtain more consistent, precise reporting of data.
® To eliminate opportunity for subsequent coding bias.

We feel that the Accident Analysis Department should assume the respon-
sibility for developing uniform codes compatible with a computerized data
base. The new coding form should be prepared with great care after
consulting with all the research centers and the Inspection Department.
Finally, it should be field tested and debugged before complete adoption.

IV, PROPOSED FATAL ACCIDENT REPORT FORMAT

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

In either case, the report itself would be used directly for keypunching or
optical scanning, thus eliminating the present operation of reading the report,

referring to a master coding index and filling out a separate keypunch coding
sheet. With the proposed format, the keypuncher would read down the left

margin and keypunch the appropriate columns.

Use of a structured reporting form which permits direct translation from
investigation ‘o computer has numerous advantages,

1. It will permit standardized and more precise questioning.

2. It will guide the inspector's investigation time and reduce his report
preparation time.,

3. It will reduce the inadvertent omission of information.

4, The reader will be able to scan the report more quickly to locate items
of interest.
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of accident that occurred. (For instance, code "D'" mines with three-
foot seams and laminated shale roofs generally have roof falls averaging
140 square feet and need special roof control plans). The '""accident
profile’” would then guide the inspector as to mine condition combinations
‘o investigate, especially if the inspector were not intimately familiar
with that particular mine.

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

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

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

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

used.

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

Bureau personnel,

The design of the questions should also involve consultation with all the re-
search centers, inspection offices, Department of Accident Analysis and
representatives from the Data Processing Department to formulate a set of
‘useful, simple, reliable, standardized variables or questions,

If the Bureau were to adopt the coded accident form idea, we would further
advise that the forms be pilot tested before adoption. Moreover, the temp-
tation of designing unwieldy, long and complicated forms must be avoided,
otherwise the inspectors will be likely to resist and resent the new system.
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Begin development of a new set of variables to be recorded for fatal
and non-fatal injury accidents, This should ke a coordinated project
between the various research centers, inspection personnel, and the
accident analysis group. We believe that we have demonstrated the
need and advantage of certain new variables; other Bureau analysts
have similarly tabulated various variables. We'believe that much
duplication of effort can be eliminated by a carefully coordinated study
and development of a new set of standard accident variables.

Develop a streamlined fatal accident report with code sheets for routine
variables to enable direct keypunching from the field, thus reducing
much of the report preparation time, reading timme, and hopefully elim-
inating mast of the coding time. Development of this program should
follow recomrnendation 5 above and be pilot tested before adoption.

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

Develop interim data processing resources for handling the three new
data bases created in the above recommendations: fatal accidents,
non-fatal accidents and mine census for normalization., The ideal data
processing resources should have efficient cross-tabulation software

for rapid analysis of all three data bases, separately and in combination.

Long-Range Proposals

9.

10.

L

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

Develop computer programs to process routine accident reports com-
plete with tabies and text. Minor text revisions could be made manually
on any really significant observation before publishing such reports.

Make the three accident data btases conveniently available to Bureau
analysts in a user-oriented computerized form. Analysts from Re-
search, Inspection, and Accident Analysis should be able to manipulate
accident data at will in any conceivable combination for maximum
utility in defining problems, monitoring problems, setting priorities
or assessing cost/benefit relationships.
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II.

CHAPTER 4

ANALYSIS OF THE JOBS AND TASKS
OF FATAL ACCIDENT VICTIMS

INTRODUCTION

The fatality report data bace established under this contract cannot be
completely analyzed within the time limits of the contract, nor was the
performance of such an exhaustive analysis the intent of the initial contract.
The data base, as previously explained, was established to support the basic
field I. E. Study and to demonstrate the feasibility and cost effectiveness of
a computerized man-machine interactive accident data base.

We have already showa various interested personnel in the Bureau the
analysis presented in this report. This analysis, plus the computer
demonstration which has been given to Bureau personnzl, are designed
to "whet the appetite'' and to demonstrate the need for and potential bene-
fits of a data base that can be easily queried for complex combinations of
interacting variables,

This chapter begins with a capsule overview of fatal accidents as illustrated
in the '"TAVAT'" (Jobs vs. Activity of Victim vs. Accident Types) Chart. This
chart graphically illustrates the relationships between the three variables.
Accident frequency rankings of the job classification and job task activity of
the primary victimn are given next. The last sections of the chapter present
an in-depth analysis of the apparent effects of task experience on accident
occurrence and give specific recommendations.

A variety of other pertinent topics including federal compliance, seam height
relationships to roof falls and roof fall exposure will be discussed in Chapter

5.

JAVAT CHART

The "JTAVAT' chart (Job vs. Activity of Victim vs. Accident Types) presented
in Exhibit 1 describes who waskilled, doing what, and in what kind of accident
between 1966 and 1970. The 729 fatal accidents on the chart are distributed
in a three-way classification, with each box representing the primary victim
of each accident, The type of accident is represented by the columns, the
victim's task activities are represented by the rows, and within each box is

a letter code for the job classifications.
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A comparison between the age distribution of the fatality sample in the data
base and the age distribution of the workers in the coal industry (BCOA survey,
December, 1967) is given in Exhibit 7. In this exhibit the similarity between
the age distributions is readily apparent. There are two minor deviations,
however. The men in the 21-25 year old category have a disproportionately
higher number of fatalities while the men in the 51-55 year old category have
fewer fatalities than would be expected. These observations may imply that
while age does not appear tc play a significant role in accounting for the dis-
tribution of fatalities among miners, younger and therefore probably inexper-
ienced miners tend to have slightly more fatalities than older men.

JOB EXPERIENCE AND ACCIDENT FREQUENCIES
A, Definition

As shown in the previous sections, the task being performed by the victim
at the time of the fatal accident is not always the same as the victim's job
classification. Similarly the amount of task experience which the victim
has is not necessarily the same as his mining experience because of job

mobility.

Since there was a suspicion from the field study that task inexperience is
related to fatalities, this category was coded in detail up to three years;

a single category was used for all victims with greater than three years
of experience. (Originally, it was assumed that task experience beyond
three years would not be significant.) Only 609 of the 731 fatality reports
coded indicate the amount of task experience of the victim or person
responsible for the accident.

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

Experienced workers learning new jobs, or engaged in activities not
usually associated with their regular jobs, often have low task experience
despite their extensive mining experience. A continuous miner operator
may have had ten years' experience on a continuous miner; however, if
he was killed operating a shuttle car aud had only operated the car a few
hours or days in the past, he would have been classified as having little
task experience., A cutting machine operator who was attempting an
electrical repair would have had task experience corresponding to his
degree of experience in electrical repair work.
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The same effect is again found in Exhibit 13 for moving and non-moving
equipment-related fatal accidents. Although moving equipment fatality
frequencies do not decline as rapidly per month or per week of task
experience as non-moving equipment-related accident frequencies, the
general declining frequency pattern still applies. This effect indicates
that it may take longer to learn to avoid fatal accidents when operating
moving equipment.

To further verify the learning curve hypothesis developed in the preceding
paragraphs, we next investigated all job classifications and task classi-
fications to see if the same characteristic exponential curves fit these
classifications, Exhibit 14 compares twelve common job classifications,
and Exhibit 15 compares twenty-one common tasks or operations per-
formed in mining. Both exhibits show the percentage of the total number
of fatal accidents as a function of task experience measured in months.
The results in general tend to support the safety learning curve hypothesis.

Possible exceptions of the learning curve hypothesis are the jobs of face
driller and shot firer which peak between 3 and 6 months of task experience.
A larger number of fatalities in these categories might have yielded the
characteristic curves of the other job categories. Other histograms also
show a second peak in the 3-6 month category: cutting machine operator,
loading machine operator, timberman, hand loading, supervising, etc.

We can offer no explanation at this time for this phenomenon.

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

Exhibit 16 illustrates the relationship betwe<n roof falls and task exper-
ience. We found the strongest task inexperience effects when the victim
was under unsupported roof unnecessarily. Since unsupported roof
situations are the most common fatal roof fall accidents, it follows that
experience is more critical in recognizing potential roof fall situations,
Even under permanently supported roofs there are task experience
effects, again indicating that experience is helpful in recognizing when
the permanent support is likely to fail.
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would appear essentially flat. In other words, normalizing the data for task
turnover may flatten the task experience histograms shown in Exhibits 4
through 19, thus refuting the hypothesized existence of fatality avoidance
learning curves.

The amount of industry task turnover can be seen io be a very important
unknown factor that could explain away much of the dramatic impact of the
task experience histograms, especially in the casz2 of unpopular and danger-
ous jobs such as timbermen. In the field, we have observed small mines
where the job turnover in the previous year was over 50%. Even in large
mines, we have been told of very high turnover rates among new workers
recruited for expanded production.

Compounding the effects of the obvious task inexperience of new men is the task
inexperience of men who may have considerable underground mining experi-
ence but who change job assignments. Job posting and the seniority system
combine to create a job turnover effect resembling a game of "'musical

chairs'' among the workforce of a mine. Typically third shift or second

shift workers will bid for day shift jobs, creating a perpetual job turnover
effect for even normal rates of job attrition. In cases of significant work-
force expansion the ""musical chair'' phenomenon can become severe unless
mine management diligently implements a controlled transition expansion

program.

On the other hand, we are not convinced that task turnover accounts for all
of the task inexperience effects observed in this study. It seems unlikely
that one third of all the workers in the industry are in their first year of
performing a new task, or that 8% are in their first week of a new task.
Part of our confidence that the task inexperience effects will not be com-
pletely explained by task turnover is that studies in Britain and Germany
using normalized task experience data have observed the same phenomenon.
Furthermore, after completing our task experience histograms, we dis-
covered that we are not the first to show the Bureau that a relationship
exists between fatalities and task inexperience regardless of total under-
ground mining experience. The report by E. Corp of Spokane, December
1969, mentioned this fact, and Dr. Ken Moore in the Bureau's Operations
Research Department indicated that others have noted this phenomenon,
although not in as much detail. Only more research will resolve all doubts.

RECOMMENDATIONS
Having observed an apparently significant relationship between task experience

and the incidence of fatal accidents, there are several questions which one
might logically ask: Is this pnenomanon present in non-fatal injury accidents
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also? What is the total job mobility and experience profile of coal mining
workers? How many workers are there in each of the job or experience
classifications, performing each of the tasks outlined in our study ? Answers
to the above questions require the Bureau to extend the research and analysis
performed under this contract on fatal injury accidents to non-fatal injury
accidents and to normalize all the accident statistics with census data from
the coal mining worker population. We strongly recommend that the Bureau

fund such a research program,

If the above research verifies the causal relationship betwezn fatalities and
task inexperience, then certain measures can be taken to reduce accidents.
The first step is to make mine managers throughout the ccuatry aware of the
criticality of task inexperience. Our interviews indicated that foremen, sup-
ervisors and mine superintendents almost universally tend to worry only about
the inexperience of new men rather than about all men assigned to new jobs or

tasks.,

Secondly, we feel more and better training programs would reduce the likelihood
of accidents., This statement by itself, however, is almost meaningless and is
analogous to recommending more safety in the mines. Everyone in the Bureau
and in the industry seems to agree in principle that more training is needed,

but very few agree on how to conduct such programs.

In response to their problems of task inexperience, both Creat Britain and
Germany have adopted a three-pronged program: training, certification or
testing of training and close supervision of the worker performing a new
task. Conditions in these countries, unlike in the U, S., are conducive to the
development of uniform training requirements. In both countries, most of
the miners work for a single company: National Coal Board in Britain and

the Ruhrkohle A. G. (Ruhr Coal Co.) in Germany. Almost all production in
these countries is in deep strata in large mines where mechanized longwall
systems are used almost exclusively. The U.S., on the other hand, uses a
great variety of mining equipment, has a large number of diverse mining seams
and is characterized by widely diverse state manpower certification require-
ments, Nevertheless, we believe the U.S. Bureau of Mines could profit from
the vigorous development of policies simiiar to those that both Britain and
Germany require by law and regulation -- training, certification of training.
and close personal! supervision of men during the first few weeks on a new
job. Each of these is discussed in more detail below.

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

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

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

results,

Training programs that only precede actual work on the job are not likely to
address all the problems of task inexperience. The first few weeks or months
of performing a job involve the classic on-the-job learning curve for produc-
tivity as demonstrated by countless industrial engineering studies of new
worker performance. In both Britain and Germany, all new mine workers,
after undergoing required training programs above ground, are introduced

to actual job experience underground only under a close supervision program.
Colliery managers in both countries and safety statisticians of both govern-
ments have emphasized that this program is vital to obtaining higher worker
productivity quickly, reducing job turnover, and reducing accidents,

In addition to 1) increasing mine operator awareness of the effect of task
inexperience on fatalities and 2) improving training, certifying training,
and supervising workers performing new tasks, the Bureau should also

study and propose ways to reduce worker anxiety during training periods,

One very interesting study of anxiety during on-the-job training was conducted
at Texas Instruments Co. In the study, an experimental indoctrination pro-
gram aimed at reducing anxiety shortened training time by one half, cut costs
15 to 30%, reduced turnover, and reduced waste and scrap costs by 20%, The
study, described in an article entitled '"Breakthrough in On-the-Job Training"
(Harvard Business Review, July-August, 1966) may be especially relevant

to the problem of high turnover among new workers in the mining industry.
Our staff is convinced from our field studies that anxiety is one of the key
factors relating to poor productivity and high accident occurrence in the first

few weeks of a new job in mining.
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In summary, our recommendations to the Bureau of Mines concerning task

experience are to:
A, Disseminate information on task experience effects to the industry.
B, Continue research on task experience effacts.

1. Add new variables to fatal accident reports,

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

3. Acquire normalizing mine data.

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

programs.

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

2. Determine cost effectiveness of training certification.
3, Test training/certification program.
4, Develop close supervision program,

5. Study anxiety problems in training programs.
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PRIMARY FATALITY VICTIM ACTIVITY RANKINGS

Victim Activity

Tramming
Mainline Haulage
Repair

Machine Loading
Shuttle

Roof Bolting
Continuous Mining
Setting Timbers
Cleanup

Hand Loading
Removing Support
Drilling Face
Scaling Roof
Inspecting

Jack Setting (C/M)
Supervising
Observing
Undercutting
Shooting Face
Removing Fall
Nothing

Testing Roof
Other

Total

UNDERGROUND BITUMINOUS COAL

FATAL ACCIDENTS (1966-70)

ACCIDENT TYPE
Total Mobile Non-Mobile
All Accidents Roof Falls Equipment Equipment
Rank |(Freq.) | Rank I{Freq. ) | Rank [(Freq.) | Rank |{Freq. )
1 (72) 7 (20) 2 (44) 5 (4)
2 (66) 22 (5) 1 (59) 9 (2)
3 (60) 13 (11) 4 (11) 1 (34)
< (51) 1 (42) - - 1 (34)
5 (49) 20 (7) (40) 9 (2)
6 (46) 5 {29) - - 2 (13)
7 (41) 3 (32) - - 6 (3)
¢ (41) 2 (38) - - I8 (1)
9 (34) 6 (24) 8 (1) 3 (5)
10 (32) 4 (30) - - 15 (1)
11 (19) 8 (16) - - 9 (2}
12 (18) 10 (13) - B 6 (3)
12 (18) 8 (16) 8 (1) B -
12 (18) 12 (12) 6 (2) 6 (3)
15 (17) 17 (8) - - 3 (5)
15 (17) 14 (10) 8 (1) 9 (2)
15 (17) 15 (9) 5 (3) 15 (1)
18 (16) 10 (13) - - 15 (1)
18 (16) 15 (9) 8 (1) - -
20 (10) 17 (8) - - - -
20 (10) 21 (6) \2) 9 (2)
22 (8) 17 (8) - - - -
23 (53) 23 (21) 12 (11) 19 (17)
729 387 176 135
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CHAPTER 5

SELECTED FATAL ACCIDENT REPORT ANALYSIS TOPICS

INTRODUCTION

The fatality data base cannot be completely analyzed within the scope
of this project. There are literally millions of combinations of variables
that can be tabulated by the computer for frequency of occurrence. Most
of the contract cost was devoted to building the data base rather than

analyzing it.

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

COMPLIANCE WITH FEDERAL, MINE AND FOREMAN REGULATIONS/
INSTRUCTIONS

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

1966-1970.

The coding of these three compliance levels by our staff was difficult be-
cause the wording in some reports was not always precise about compliance
at each level, Tables 1, 2, and 3 of Exhibit 1 do not necessarily contain

data from the same reports, and the response total varies from 358 to 624,

Another problem with this data is that the investigator frequently referred
to violations of vague catch-all protective clauses such as '"and sufficient
additional support shall be provided in areas of known faults or unusuail
conditions''. The term ''sufficient support'' beyond the minimum is a matter
of management or supervisor opinion which may or may not concur with
what the inspector felt was sufficient. Moreover, ''sufficient support' prior
to an accident by definition becomes ""insufficient'' after a fatal roof fall.
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B. Roof Fall Fatalities

The number of official USBM roof and rib fall fatalities have declined
as follows:
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1. Roof bolter installing bolts without tempcrary sunport,

2. Continuous miner operator advancing beyond line of permanent
support. (Or any worker doing job without permanent or temporary

support. )

3. Foreman testing roof and finding it bad, then standing andsr it for
prolonged time periods discussing it with another workezx.

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

5. Workers removing roof fall without installing support.

6. Mining under unsupported roof and removing last stump of pillar
which was originally intended ‘o be left as supprort.

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

8. Failure to instaii temporary support in accordance wiih plan such
that miner not surrounded by support.

9. Removing support in improper manner (knock out with continuous
miner on retreat, strike post to dislodge and move while standing

under known bad roof, etc.).

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

Unfortunately, an accident involving yuestionable procedures would not
always have been prevented if accepted methods had been followed. For
example, a massive fall might not be related to whether the roof bolter
who was under unsupported rocf had set temporary jacks or not. On the
other hand, following accepied practices would no doubt have prevented a
large number of these roof fall fatalities.,

In roof fall accidents involving temporary or permanently supported roof,
questionable practice refers to violations of the roof support plan as noted

by the USBM inspector who wrote the report.



The results of this coding are shown in Exhibits 4 and 5, Exhibit 4
snows the exposure tabulation for the five-year period and Exhibit 5
shows only the 1970 exposure tabulation. Although the total number
of roof fall accidents declined over the five years, over half of the
roof fall accidents occurred under unsupported roof. The overall
percentage of questionable practice instances declined from a five-
year average of 65% to about 50% in 1970, with most of the percentage
drop in accidents in the unsupported-roof-unnecessarily category. This
apparent improvement could be reai or it could be a coincidence or
even a coding bias. The improvement might alsc be related to the
closure of mines, especially small mines notorious for roof fall
accidents. The number of mines has declined from about 5, 000 in
1965 to under 3,000 in 1971.

Roof Fall Size

As shown in Exhibit 6, 50% of all fatal roof falls over the 1966-1970
period were in the 101-130 square foot or smaller categories. The
median size of fatal accident roof falls lies between 101 and 130

square feet. The trend over the five-year period has been toward
larger roof falls; 1966 had a median category of 71-100 square feet
and 1970 had a median category of 181-230 square feet. When weighted
by the number of victims, the roof fall size for the five years is in the
131-180 square feet category. This is not surprising since multiple
roof fall fatalities occur in the massive roof falls,.

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

The median thickness of the roof fall in fatal accidents as shown in
Exhibit 6 has historically been fairly consistent at 11'", while the
average for the five-year period was 22" -~ accounting for 77% of all
roof falls., (See Exhibit 2 in Chapter 3 fcr coding definitions of roof

fall thickness.)
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Analysis of roof fall size as illustrated here can quickly include a
large number of other variables, Not all relevant relationships
have been investigated and much work remains to be done. The roof
fall size variable needs to be partially recoded. Obtaining industry-
wide roof control plan data would also make it possible to normalize
the frequency data shown in Exhibits 6 and 7.

Seam Height Effects

Roof fall size as a function of seam height is shown in the lower table

of Exhibit 7. Roof fall size seems to decrease as a function of increased
seam height., Larger roof falls in lower seams may be related to the
wider entry widths and greater areas of unsupported roof typically found
in smaller mines with lower seams. The wider, unsupported entries
probably both increase the probability of a fall and provide a larger area
over which a '""running fall'"' can develop.

Exhibits 8 through 14 depict normalized frequencies of roof falls

in each seam height. All the exhibits compare the distribution of roof
fall accidents with the 1966 distribution of coal tonnage in the seam
height categories. Production for 1966 was used because these figures
were the latest published by the Bureau at the time this report was
written. Consequently, 1966 is the only year for which a valid compar-
ison can be made, (The Bureau maintains current production data but

it was not available in a published form according to the Chief, Office

of Accident Analysis, USBM,as of June 1971.)

Taken together, these exhibits help explain roof fall problems in low coal.
Exhibit 8 indicates that the 0-3 foot coal seams experience a dispropor-
tionate percentage of roof fall accidents, Exhibit 10 may suggest that
low coal is more dangerous even if the worker is necessarily out under
unsupported roof; however the sample size is small. Exhibit 9 suggests
that one of the contributing factors is lack of support. Exhibits 11 and 12
indicate that another reason for more roof falls in low coal is a greater
degree of roof control plan violations. The sample sizes in Exhibit 13
are too small for valid inference. Exhibit 14 indicates that low coal may
even have inadequate temporary roof control plans in relation to other
seams.,

The problems in low coal are especially frustrating, The mines are small,
manpower turnover is high, roof support is often igncred, and mine man-
agement is often hostile to the Bureau. The inspection problems are very
great because of the needs and the number of small mines.
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Other Promising Roof Fall Accident Analysis Topics

We have identified a number of factors which may be associated with a
large number of roof fall accidents. Each of these requires more re-
search, recoding of data or obtainment of normalizing data. These
research leads are partially listed below.

1. Roof falls are most prevalent in retreat mining when 11-20% of the
pillar has been mined. See "%PIL RMV'" in Exhibit 3 of Chapter 3,

2. When driving entries (room and pillar) the most dangerous roof fall
point along the typical entry is at about 20% of the total entry pene-
tration distance (typically 12-15 feet of a 60-foot center-to-center

distance between crosscuts).

3, Massive failure of bolted roof above the bolt anchor line sczurs almost
exclusively in entries wider than 22 feet.

4. There is some evidence that bolts hold ur roof a few feet inby the last
line of support, but their effectiveness in fatal accidents seems only

slightly better than posts.

5. Bolted roof failures are prevalent in wide entries ir. lower seams with
short bolts (30" or so).

6, Less than 35% of all fatal roof fall victims were killed in areas where

the distance between the closest rib points is under 20 feet.

7. More fatal roof fall accidents occur in development areas (room
or crosscuts - 39%) than in the typically larger intersection
areas (28%) or pillar areas (10%).

Obviously, the list is incomplete and much work remains to be done
on roof fall accident analysis,
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IV, RECOMMENDATIONS ON SELECTED FATAL ACCIDENT REPORT
ANALYSIS TOPICS

A. Considerable research is needed on the effect of the USBM enforcement
of regulations on accident occurrence. This research will lead to a
more cost effective selective enforcement program, similar to that used
by all large urban police departments.

B. Roof fall accident analysis n<eds much more work., (Most of the effert
of this contract was spent building the data base.) Additional analysis
work should be done in cooperation with Bureau roof control experts.

C. Normalizing data is desperately needed for roof fall accident analysis.
The first step would be to create a data base of roof centrol plans.
The next step would be to associate roof control plans with a data base
on violations of roof control plans.

D. The existing data base should be revised and recoded; 1971 roof-
fall accidents should also be coded,
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Number of

Employees

15 and Less

16 and Greater

Total

THEODORE BARRY AND ASSOCIATES
FATAL ACCIDENT FREQUENCY

COMPLIANCE WITH FEDERAL REGULATIONS
SMALL MINES VS LARGE MINES

1966-1970
1966 1967 1968 1969 197
Yes No Yes No Yes No es Ij_g Yes
4 36 3 27 3 29 1 16 4
21 65 36 39 29 57 16 53 43
25 101 39 66 32 86 17 69 47
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We would like to emphasize that throughout this report we have employed
conservative estimates. It is quite probable that productivity increases
associated with various recommendations could substantially reduce the
industry costs presented here., We think it also important to point out
that the increased industry costs resulting from implementation of the
1969 Health and Safety Act may well have exceeded the cost estimates
presented here. Consequently, many of our recommendations, if com-
bined with selective revisions of those portions of the law which are not
now cost effective, might be implemented at a net savings, or at least

at no additional cost to the industry.

One further point must be made regarding the cost analysis conducted
throughout this study. Because the approach taken in this study is a
broad, industry-wide evaluation of underground safety, costs are eval-
uated on an industry-wide basis as well. Even though broad, macro-
analysis is the tool utilized in this report, we would caution the reader
to remember that the cost impact of various recommendations will vary
with productivity from mine to mine throughout the country. It is quite
likely, for instance, that the economic impact of any recommendation
in this report would be greater in a small, low production mine than in
a large, captive mine. This variation in the ability of individual mines
to absorb the increased cost of safety has already proven to be a reality
in the implementation of the 1969 Health and Safety Act,
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Electrical fatalities are high for repairmen (11 in a 5-year period) and con-
tribute to fatalities in all job categories except undercutting and drilling.

The most practical way to eliminate the greatest number of these fatalities
would be a permissible quick-disconnect coupling between the power cable
and the equipment. When the power control point is out of the line-of-sight of
the repairman -- as is presently most often the case -- a hazardous envir-
onment is automatically created. As an analogy, no TV repairman would
consider working on a TV set unless he could see it was unplugged. The
permissible quick-disconnect coupling would p-;g\‘ride a convenient and re-
liable method of assuring the repairman that the power is disconnected,

There is a great need for a cost effectiveness analysis of underground
machine maintenance to verify the benefit to be derived from and the need
for preventive maintenance programs, Such a program would do the

following:

A. Reduce the number of repairs and create the ability to plan, schedule
and implement repairs with a minimum of interference with production

operations.

B. Shorten the time spent repairing. Long repairs contribute to broken
production sequence and equipment interference as well as hazardous

situations.

C. Increase production up-time and reduce the pressure by production
personnel to get the equipment running again, however poor the
repair effort.

D. Provide the needed parts on time by anticipating what will be needed
and ordering with sufficient lead time,

E. Provide the proper tools to do the job safely and efficiently.

A preventive maintenance system requires an implementation plan to make

the system more readily available to all mine operators. Whatever the system
is, it must be uncomplicated. It must provide the maximum useful informa-
tion with little time spent administering the program. The system must be
geared toward the small operator who has a small maintenance force and
cannot justify an administrative clerk to maintain maintenance records,
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2. Proper Repair Tools

Proper lifting and blocking devices and hand tools should save at
least 50% in labor costs over most present methods.

Estimated Labor Savings

e Labor savings/day/section - 20 minutes;
.33 hours x 250 days = 83 hours saved/year/section
e Annual savings
83 hours @ $4.00/hour = $332/section/year
e Savings for 1-shift operation
$332/section/year 1 shift x 1,000 sections = $332, 000
e Savings for Z2-shift operation
$664/section/year 2 shift x 7,000 sections = $4, 650,000
e TOTAL annual savings=~$5, 000, 000

Estimated Tool Costs

e Total tool cost/section -$1, 500
e Annual tool costs
$1,500 x 8,000 sections = $12, 000, 000

Payback Period

e $12,000,000-=%5,000,000 = 2.5 years

Estimated Annual Cost per Life Saved - unknown

3. Equipment Training

e Forty hours training @$4. 00/hour = $160/repairman
e Estimated training costs -
- (2 repairmen/2-shift section) x 7, 000 sections
- (1 repairman/1l-shift section) x 1, 000 sections
- 15,000 x $160 = $2.4 million

H

14,000 repairmen
1,000 repairmen

4, Equipment Reflectors

e Estimated cost/reflector = $1.00
20, 633 machines x 10 reflectors/machine @ $1/reflector = $206,330

3. +4. Equipment Training + Equipment Reflectors

e Estimated total industry cost = $2, 600, 00C

e Estimated cost per life saved =
$2,600,000+3 lives saved annually+360 million tons = .24 ¢/ton/life saved
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II.

CHAPTER 10

OPERATOR PROTECTION ON FACE EQUIPMENT

STATEMENT OF THE PROBLEM

During the period 1966-1970, 168 miners were killed while operating, as-
sisting or tramming continuous miners {65), machine loaders (64), under-
cutters (23), and hand and mobile face drills (16), (excluding those killed

in explosions and electrical accidents). The single largest killers of these
men were roof and rib falis, accounting for 136 deaths. The rest were killed
by bumps. collisions and equipment accidents.

The most direct and obvious solution to the problem of operator safety is the
use of canopies or cages to protect the operator from rib and roof falls, bumps,
and the lateral incursion of ribs and other equipment. Despite the fact that the
transition to canopies is already in the advanced planning stage within the
USBM and that canopies are soon to become mandatory, there is strong
resistance to the incorporation of canopies on face equipment. In addition,
there are major canopy design problems -- especially for use in low coal
mines (see Chapter 14). This chapter will discuss these design and
implementation problems.

ANALYSIS OF THE PROBLEM

Operator canopies and cages offer a sensible and cost effective approach to
equipment operator safety. We say this with the full realization that canopied
equipment is viewed by a significant segment of the industry as impractical.
Major points of resistance to or criticism of canopies within the industry
are: 1) they impede operator visibility; 2) they make ingress and egress
tiring and difficult; 3) they are impractical in low coal; 4) they give the op-
erator a claustrophobic feeling of being '"trapped' in an emergency. Each

of these points should be addressed in considering an approach to canopy
design which will prove acceptable to the industry.

Caution must be exercised in designing canopy systems for face equipment to
make sure that the design does not create a more hazardous situation than
the one it was intended to prevent. While a completely enclosed canopy roof,
for example, offers maximum protection against roof falls, it may restrict
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In summary, regardless of the protection systermn chosen. the key to the
practicality of the system is its applicability to low and medium-seam
height coal. The two most feasible approaches to the solution of the

low coal canopy problem have been incorporated in the various alterna-
tives discussed above: 1) adjustable but rigid systems, in whica the
operator's head can rise above the top of the canopy rails during nor-
mal operations; 2) variable systems in which the canopy ''floats' up and
down as roof height changes but protects against the instan:aneous impact
of roof falls through a mechanical, hydraulic, or dilatant system.,

III. SUMMARY OF RECOMMENDATIONS

A. Incorporate a Workable Canopy or Cage System on All Face Equipment.

We believe a number of practical design alternatives exist:

1. Canopies rigidly mounted on equipment. This is the cheapest and best
solution for roof heights that permit free movemeat -. roughly, seam
heights 5 feet and above.

2. Canopies adjustable mechanically with ''pins'' or "'stops'' to allow tox
variable roof heights in the higher seams and consistent roof heights
in lower seams.

3. Canopies hydraulically actuated by a roof ''feeler' or ''sensor' fox
use in all seam heights; this system allows for minimum human
containment and maximum comfort and visibility,

4. Automatically adjusting canopies which are adjusted by the roof
pressing against skids on a lightly spring-loaded canopy equipped
with hydraulic or mechanical shock absorbers. An interesting
alternative in terms of cost and efficiency would be a research
effort in the area of dilatant materials that become comparatively
solid when threshold acceleration is reached. Floating supports
in a suitable material, instead of using shock absorbers, might
result in significant cost savings and improved efficiency of the

system,

B. Publish fatality data in industry publications (Coal Age, UMW Journal,
etc.) showing the number of operator deaths occurring during equipment
operation and tramming. Indus try-wide knowledge of the inherent dangex
of machine operations will decrease the resistance to operator protec-
tion systems. Many miners and mine operators interviewed during
this study incorrectiy believed that machine operator fatalities were
insignificant in number when compared to other categories cf accidents.
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Potential Lives Saved Early 1970's

1. Roof PRib and Bump Fatalities:

37. 2 Fatal ide
(RGoE Fall Trena) 85 % —ator Svok ACCINERIS... .
5 Years

7 Lives Fer Tea:x

1. 14 (Fatalities Per Accident)

2. Equipment and Tramming Fatalities:

3I 3 :1 .
(No Trend) 13.3 E‘a%:iicc:dents - 3 Lives Per Year

l

Net Potential Lives Saved Per Year = 10

V. COST TO IMPLEMENT RECOMMENDATIONS

1. Rigidly mounted canopies in mines with seam heights greater than 5'

e Estimated number of machines - 3,740 x 80% operable from seated
position = 2, 992 modifiable machines

e Estimated cost fixed canopy - $500
e Estimated total industry cost - $1,496,000
$1,496, 000 - $299 000

® Annual industry cost = 57y oo Amortization

e Estimated cost per life saved
$291,000 = 4 lives saved annually < 360 million tons = .02 ¢/ton/life saved

2. Adjustable canopy in mines with seam heights greater than 5'
e Estimated number of modifiable machines - 2, 992

e Estimated adjustable canopy cost - $800
@ Estimated total industry cost - $2, 394, 000
$2,394, 000 = $479, 000

® Annual industry cost = -
5-Year Amortization

e Estimated cost per life saved

$479,000 = 4 lives savad annually = 360 million tons = . 03¢/ton/life saved
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II.

CHAPTER 11

SHUTTLE HAULAGE

STATEMENT OF THE PROBLEM

Shuttle haulage fatalities, accounting for 11.6% of all fatal accidents in the
period 1966-1970, are a major area of concern. Unlike the fatality trend in
many other accident categories, shuattle haulage and tramming fatalities are
not decreasing; the data for the past 3 years, in fact, indicate a slightly
increasing trend. At the same time, this area offers high potential for re-
ducing fatal ities, since improvements in shuttle equipment and procedures
are applicable in both continuous and conventional mining operations.

Shuttle car drivers, having the highest number of fatal accidents in the
period 1966-1970, are subjected to a variety of hazardous exposures. In
addition, they are often the cause of fatal accidents to other workers --
mostly due to collision. Eightv-five fatalities involving shuttle haulage and
tramming were recorded for the five-year period -- 60 involving the shuttle
car operator, and 25 involving a pedestrian or other machine operator. Only
11 of these 85 were the result of roof and rik falls; the remainder associated
with some type of moving machine accident -~ primarily crushing or pinning
of the victim between the shuttie car and the rib or roof.

It is interesting to note, again based upon five-year fatality data, that fatal
shuttle accidents are 3% times mozre likely to occur in seam heights less than
5 feet than in seams greater than 5 feet. The reasons for this are: 1) the
increased possibility of the operator's head being pinned between the roof
and the machine, 2) poorer visibility in low and medium coal, and 3) a gen-
erally less satisfactory mine environment in small, independent, low seam
mines, having rough uneven flcors, crooked entries, uneven pillars, etc.

ANALYSIS OF THE PROBLEM

The Fatality Report Analysis portion of this study reveals some significant
and perhaps little known facts about fatalities occurring while operating
shuttle cars: 1) shuttle haulage is an extremely hazardous activity, accounting
for nearly 12% of all fatal accidents; 2) rcof falls are not a major problem, as
they are with the operation of other major pieces of section equipment; 3)
crushing/pinning accidents against ribs, rib-roof intersections, and roof are
the major hazards, accounting for over 80% of all fatal accidents involvingﬁ—e
operator of the shuttle car during hauling and tramming; 4) shuttle haulage is
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dangerous not only for the operator, but for pedestrians and other equipment
operators moving in the working section, During the five-year period, 14
men were crushed by sccondary haulage vehicles while operating some other
piece of face equipment; 11 were killed while standing, crawling, or walking
in the working section.

Pinning/crushing accidents result from the operator's dangerously exposed
operating position on the side of his shuttle car. He is, in effect, riding on
the ""running board' of the vehicle, with the consequent chance of being
squeezed between the side frame of his machine and any solid object which
the shuttle passes too closely (rib, another machine, etc.). In low seam
mines, the operator is exposed to the danger of vertical crushing as well as
lateral crushing as he may also get his head caught between the top of thes
machine and some irregular projection from the roof.

The pedestrian and other-operator fatalities discussed above are primarily
the resuit of poor visibility and the lack of tailored-response controls., Guiding
a massive machine through tight entries with low roof and almost moonlight
level lighting is a real challenge. The degree of difficulty is compounded

by the presence of other workers, machines,| blind penetration of ventilation
curtains, overhanging ribs and numerous roof, bolt and truss projections
which are all but invisible. As mines become more mechanized and operate
at a faster pace, these dangers are increasing despite the upgrading of present

zquipment.

The visibility problem is mainly generated by inadequate vehicle lighting.
Equipment iights observed by TB & A consultants during their underground
observations were most often covered with thick layers of rock and coal
dust. Often lights had been broken-out and left unrepaired; several workers
admitted that lights are often broken "accidentally-on-purpose'' in order to
reduce the nuisance of glare for other section personnel.

Most shuttle cars encountered by TB & A consultants lacked tailored-response
controls. Consejuently, control response is abrupt and results in almost
convulsive movement. (In fact, the controls problem applies not only to shuttle
cars, but to most major pieces of section equipment.) For the reader whc is
unfamiliar with the technical and mechanical aspects of underground mining
equipment, it may be difficult to visualize the problem being described here.
An analogy which helps in understanding the difficulties and dangers associated
with present controls may be useful. Imagine the difficulty of attempting to
park a large, stick-shift automobile in a one-car garage, with the accelerator
stuck at full throttle. In such a situation, the driver's only avaiiable power
control lies in engaging and disengaging the ciutch. The driver's problem is
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Cage Protection on Shuttle Cars

As discussed before, roof fall fatalities represent less than 15-20%
of the accidens ou shuttle cars. Lateral collisions with ribs and other
equipment, and low overhanging roof, headers, and rib-roof brows
represent the major hazard, Only very stiong lateral protection on
shuttle car operator corner or side positions will prevent the majority
of shuttle car accident injuries. Central seating, even without any
protection,would have avoided injury in many of the fatal injury
accidents,

In low coal, canopy or cages added to existing designs of shuttle cazs
represent a difficult problem because of limited vertical space. A
low coal compromise cage design may be the best answer available
as discussed in the previous chapter. An additional aspect of the low
coal operator protection problem is the warning time available to the
operator to avoid a collision. Shuttle car speed, although not great,
lessens the time to react to obstructions or low overhangs. Because
of visibility problems, some operators killed in collision accidents
with rib or roof were likely not aware of the clearance problem until
impact. An effective advance feeler or warning device, even ten feet
ahead of the operator, might have saved some of the operators. Need-
less to say, checking clearances on shuttle car routes prior to runs
also might have helped avoid some of these collision accidents, but
such procedures would not be reliable considering that roof and floor
often are continually converging near face areas as mining proceeds.

A conceptual sketch of a low coal cage design with a warning feeler
device is shown in Figure 4, The design with an open top is contro-
versial, but may provide sufficient protection to a high percentage of
pot=ntial fatal shu*tle car accident victims without sacrificing visibility
or creating extremely cramped or uncomfortabie operator space.
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These problems have been noted and described in earlier sections. We do
not know the technical problems involved in developing tailored-resvoonse
controls but feel that a variable power lever is not technologically
infeasible. Miners who break out headlights to reduce the glare have
probably created an even greater hazard to machine operators and
pedestrians than the hazard created by the glare of current equipment
lighting designs. In this regard, direct:ona® beam lamps or indirect
lighting designs may prove a useful concept in an attempt to compromise
the conflicting hazards of poor lighting ard glare. In addition, USBM
inspectors should strive to ensure that vehicle lighting conforms to already
existing requirements in the law.

Miscellaneous Improvements

There are a number of other modifications that might contribute to haulage
safety. Factory painted roof bolt plates would ensure better visibility,
increase depth perception and, in the case of face equipment, make the
last row of bolts more apparent. White plates would be visible even after
rock dusting since the surface would be white on white and reflect more
light than white on the typically black roof. The paint would not add signifi-
cantly to the cost of the plate if applied on the production line., (Note: This
plate should also be lubricated at the point of contact with the washer type
bolt head. A '"halo' of sparks usually accompany final torquing and the
resistance of metal on metal probably makes torque readings more variable.
These two small washer changes are oriented toward explosion and roof

hazards.)

Battery-powered shuttle cars or tractors eliminate a major safety and
maintenance problem of trailing cables, but at the same time have some
technical problems. Batteries have limited operating time, are expensive,
and need to be changed on-shift. Maintenance of battery housings is another
problem because of the high humidity and rapid oxidation of metals near the
battery. An inert enclosure might overcome this okstacle. If the technical
problems of heat gain and permissible quick charging can be solved, the
battery-powered equipment would be safer and more efficient than cable
machines. A typical shuttle car requires approximately 30 seconds to
dump to a feeder or railcar. It may be possible to develop an automatic
quick charge station which would provide power for the unloading conveyor
and charge a relatively small tramrning battery for round trips to the face.
The battery could also provide power for minor load adjustments required
by the machine's conveyor while loading. The quick -harge station would
have to be automatic to avoid delays and ensure pcrmissibility and
personal safety.

183












This works out to about $40, 000, 000 annually based up~n a 10-year
amortization, or about 11¢ per ton of coal. These figures indicate that
a massive, ''all-at-once' shift to this type of vehicle is probably im-

practical.

A more realistic approach would be a required ""phase-in" of the center
seat design as old equipment is depreciated or as a particular mine is
worked out, with a final deadline date for required use, USBM has uti-
lized a similar approach before with permissible equipment. The
effect on fatality reduction would not be as immediate or dramatic using
this approach, but industry resistance would be minimized.

The cage concept requires little or no R & D or design investment. The
degree of technical complexity does not appear to be significantiy greater
than that involved in installing a roll-bar on a sports car. A workable
cage could probably be installed on most shuttle cars for about $500. 00
per vehicle. As an interim measure, cages installed on present, side-
seated shuttles would save some, but not all,of the lives which could be
saved using the center-seated car. The approach to cage utilization in
low and medium coal is dependent upon the system of implementation
required for use of center-seated shuttles, since the two concepts are

closely related.

In summary, we estimate that 10 lives annually could be saved through
the combined use of central-seating and cages. But the industry cost

of such changes depends upon the system of implementation. Therefore,
cost effectiveness estimates -- i.e., cost of implementation per life
saved -- are not possible at this point,

The cost of improved control response and improved lighting 1s unknown.
A move toward battery-powered vehicles might affect shuttle fatalities
indirectly by reducing hazardous maintenance situations caused by the
need for cable repair, etc., The elimination of cabled vehicles, how-
ever, would not directly affect shuttle fatalities. (Note: Elimination of
cabled vehicles would obviously affect fatal electrical maintenance
injuries; see Chapter 9, Maintenance Fatalities.)
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III.

SUMMARY OF RECOMMENDATIONS

A.

Unsupported Roof

1.

2.

Encourage loader operators to refuse to work under unsupported roof.

Regulate depth of undercutter sump to insure that loader penetration
depth does not put loader operator under unsupported roof; this may
include putting stops on undercutter blades.

Match the penetration depth of the loader to multiples of the established
roof bolt pattern to minimize the distance between the last line of sup-
port and the face, thereby reducing the loader operator exposure to
unsecured roof during the second loading cycle.

Support Plan Violation

ll

2.

Emphasize USBM inspector enforcement of approved roof control
plans. This may take the form of both additional inspections, and
more thorough inspections of roof control compliance and roof
control problems,

Encourage loader operators to refuse to work in roof control vio-
lation areas.

Approved Roof Support

1.

Inadequate Support

Increase training of USBM inspectors in roof contiol problems and
correction techniques so that they can recognize and transmit roof
control inadequacies to the respective sub-district offices for prompt
remedial action.

Disseminate information on roof control from USBM Research Lab-
oratories to all coal operators and USBM inspectors.

Non-Controllable

Non-controllable refers to supported roof falls which can not be
anticipated nor prevented with local area knowledge of roof control
and lithology.

a. Determine level of local area knowledge of roof control and
lithology.
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2, Operator Protection

The machine loader is inherently the most dangerous piece of face
equipment to tram or operate. The operator's silhouette extends
8''-10" beyond the frame of the machine, making him highly vulnerable
to crushing lateral forces (machines, ribs, etc.). Fifty~seven miners
were crushed in the period 1966-1970 because their equipment had no

side protection or no seat at all.

A solution to the crushing fatalities experienced by the loader operator
is to locate the operator further back on the machine so that his
silhouette lies completely within the frame width -~ then to build a cage
around him, This places the operator in a location where he is able

to escape both over and under the conveyor. In addition, the extra
5'-7' of linear distance from the front of the loader allows him to
penetrate further under unsupported roof during the loader cycle with-
out actually exposing himself to unsupported roof. The diagram on

the following page illustrates this suggestion.
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CHAPTER 14

AUGER-TYPE CONTINUOUS MINING ACCIDENTS

STATEMENT OF THE PROBLEM

During the period 1966-1970, 25 fatal accidents resulted from roof falls (13), and
machine-related (12) accidents in mines worked with auger-type continuous
miners, The auger mining environment, characterized by iow -- 24-36" --
coal, presents some unique safety problems both in terms of roof control

and equipment safety. Compounding the inherent hazards is the nature of the
mining process itself which requires 6-9 crew members working simulta-
neously in close physical proximity (within a 20" x 2G' square) during most

of an 8-hour shift. thus increasing the probability of a multiple fatality

accident.

ANALYSIS OF THE PROBLEM

Two major conditions combine to make auger-type continuous mining hazardous:
1) the high incidence of roof falls resulting from the wide-rooming technique of
the auger miner and the lack of continuous roof support; and 2) the inherent
danger of the continuous interaction between a 6-9 man crew and a constantly
moving machine operating in an irregular pattern.

A. Roof Support Problems

TB & A consultants often observed unsupported 80-90 ft. mined spans in
auger-type mines during the field observation portion of this study. In
addition, where support was used near the working face, the timbers

were constantly being removed and replaced in order to allow for the
movement of the miner boom and movzaable bridge. The posts were

either removed intentionally by a timberman or knocked out by the move-
ment of the boom and bridge. Timbermen often got behind in post-setting
if the miner boom and bridge were in a position to knock out a large number
of posts very quickly, as for instance, in turning an entry:
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1. Potential Lives Saved by Avoiding Roof Fall Fatalities

Procedural Changes

Elimination of ciean-up occurring simuitaneousiy with mining
operations at the working face will prevent one fatal roof fall
accident/year., The change in procedure will have no effect on
production and will cost nothing to implement,

. Winch Jacks

During the early 1970's about i man/year will be killed by roof
falls while setting winch jacks. The development of a new drill-
winch jack to replace current hand jacks will eliminate this
fatality by removing the jacksetter from the area during cable

tension,

Cancpiles

During a typical year in the early 1970's a total of 5 men/year will

be killed by roof falls in auger mines. We estimate that 4 of the

five fatalities occur within 8-10 feet of either side of the miner,
between the face and the rear of the machine. An effective canopy
will eliminate these fatal accidents, Two of the potential four lives
saved annually by canopy protection have already been '""saved', in
effect, by the development of a safer winch jack and the change in
clean-up procedure discussed above. In other words, employment

of a canopy system in addition to a safer winch system and procedural
changes would have the net effect of saving two lives annually.

The net effect of clean~-up cycle modifications, winch system
improvement, and canopy development is shown in this table:
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V. COST TOIMPLEMENT RECOMMENDATIONS

1. Roof Support Problems

a. Procedural Changes
Changing the ciean-up cycle sequence to eliminate simultaneous

clean-up while mining will not significantly affect production and
will have no effect on totai production costs.

b. Winch Jack

The estimated ccest of the improved winch jack described earlier
is $1,000 per winch jack,

$1,000 X 15C estimated no. of active auger sections =
$150, 000 total cost to industry

$150, 000 == 5-year amortization =
$30, 000 estimated annval investment cost

$30, 000 <+ 1 life saved annually <+ 360 million tons = .01¢/ton/life saved

c. Canopies

The suggested canopy system, while essentially an external '"add-on"
device requiring no significant equipment redesign, still represents
a major capital equipment acquisition, the estimated cost of which

is $10, 000,

$10,000 X 150 estimated no. of active auger sections X .80 auger
sections in 28-36'" coal =

$1,200,000 total cost to industry

, 5 - -year amortization =
$1,200,000< 10 vy ti i
$120,000 estimated annual investment cost

$120,000% 2 lives saved annually < 360 million tons = . 02¢/ton/life saved

2. Man-Machine Interaction Problems

The cost effectiveness of a retractable auger guard is estimated
below:
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$7,500 estimated cost per auger guard x 150 estimated no. cf
active auger sections =
$1, 125,000 total cost to industry

$1,125,0004 10-year amortization =
$112, 500 estimated annual investment cost

Y - ives saved annua i million tons = . -/ton/life save
$112 SOO..,..Z 1i d lly 360 illi 02¢/ J45E d
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CHAPTER 15

HAULAGE THROUGH THE BRATTICE

STATEMENT OF THE PROBLEM

Ventilation control in many mines relies upon curtains (brattice) to regulate
airflow. The brattice curtains often create a safety hazard both at the face,
where erection of the brattice requires exposure to unsupported roof (see
Chapter 18), and in the areas between the face and mainline haulage. The
blind penetration of the brattice in the latter location, especially between
face and first material haulage change point, is extremely dangerous. The
safety problems created by brattice maintenance at the face are discussed
in Chapter 18; this chapter will focus on the hazards arising from the blind

penetration of the brattice in both mainline and secondary haulage.

Secondary haulage typically contains a number of pieces of mobile equip-
ment and a large number of mine workers in comparison with mainline
haulage. There are fewer brattice dangers for mainline haulage, with

the possible exception of systems that utilize belt transportation for under-
ground workers. We have noted during our underground observations that
penetration of curtains while riding a belt is a hazard normally associated
only with low coal operations, but the exposure for this limited number of
workers is significant.

Contrary to most mine safety trends, the danger from haulage through the
brattice is expected to increase in the future as increasing numbers of
machines and workers function in the mines at ever increasing paces.

ANALYSIS OF THE PROBLEM

The problem of haulage through the brattice is one of visibility and control
of large equipment. The mine environment is extremely hostile in many
ways and travel constraints are quite usual. Since shuttle cars are the
vehicles most often involved in haulage through brattice curtains, a descrip-
tion of the shuttle car operation underground may be helpful.
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The operation of shuttle cars is analogous to operating an automobile with
no top or windshieid in an absolutely blackened parking garage. The driver
must move within a very narrow lane (1z-14’ to make it proportional) over
a 100 - 400' route that is changed constantly, The lighting is provided by
two flashlights and as many as 5 other unlighted vehicies use the passage-
ways. Pedzsstrians with flashiights are present, as are other unlighted
machines which are parked close to blind turns. The car has 4 broken
springs and the driver may be required to operate the vehicle from a small,
unprotected platform at one side of the trunk. The floor is wet, slanted,
and dotted with potholes and bumps. The roof is more irregular than the
floor and may unexpectedly project downward within a few inches cf thz top
of the car., which will require that the driver lean outward to avoid the
obstaclz while maintaining control of the vehicle. Unfortunately, the car's
gas pedal is jammed and the motor runs at a constantly high (relative) spezd.,
Movement is controlled by shifting gears to neutral, low or reverse, and the
wheels spin on startups. The brakes do not always work, The driver must
operate his vehiclie for approximately 5 hours per day while making 50 to
100 trips betwes=n changing points to load and unload various mater:als

Into this system, we shall now introduce ventilation controls. Along some
portions of the pathways, the narrow width is reduced another several feet
by a continuous length of canvas usually supported by unyielding wooden
posts. Several of the passageways may be hidden behind this stretch of un-
marked canvas, The driver is required to penetrate this canvas blindly for
up to 20' before determining that the hidden pathway is/is not angled, that
there are no roof obstacles or overhanging walls, that no other machines are
parked behind the curtain, and that there are no pedestrians or workers who
might be facing away from the machine while in a kneeling position.

This is a typical situation, especially in lower seam heights. The conditions
range from much better to much worse., It would appear that tractor-trailer
haulage is even more dangercus than powered shuttle cars.

Penetration of curtains while riding a conveyor belt to enter and exit from
the mine is more of an observed hazard than one that appeared in the fatality
analysis. In the day-to-day operation of a mine, the safety devices are often
in need of repair and belt riding becomes very dangerous. Often the controls
for reducing belt speed are inoperative at one end,forcing one crew member
to take a high speed ride to the control at the other end to reduce the speed

for the remainder of the crew.
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Solutions

A. Transparency Index for Curtains

Materials that permit observation of light through the curtain are available
and in use, Maximum opacity would be the point where a miner's cap
light, pointed away from the curtain, could be observed from a reasonable
distance (25 - 30'). This would be a measure of light reflected by roof,
ribs and floor. Often a miner may be kneeling while working on a piece
of equipment and reflected light is ali that is available,

B. Use of Machine Lights When Tramming

As a matter of policy, the shuttle car inby light is often dimmed, inten-
tionally caked with mud, or otherwise modified to avoid blinding the loader
or continuous mining machine operator. Tramming lights should be bright
and clean in order to penetrate a transparent curtain. Bounce lighting
from recessed spot lights directed toward the roof on an angle would be
both effective in penetrating the usually small separation between the
curtain and the roof and acceptable to the miners.

C. Portable Equipment Lights

Parked equipment is especially dangerous since it is often below the
field of vision of other drivers or obscured in some other manner. At
least two permissible battery powered lights should be used in order to
define both extremities of a piece of equipment. The lights need not be
extremely bright to achieve definition since only a warning is necessary.
They should be easy to transport and attach, perhaps magnetically, to
metal surfaces.

D. Equipment Parking

All equipment should be parked such that it can be seen from both direc-
tions. An example of a case when this was not done is the worker who
parked one machine behind a curtain, immediately climbed into another
machine, trammed through the curtain and crushed himself against the
machine he just parked. Machines should not be left near blind corners
or curtains. Intersections also appear to be a dangerous parking spot.
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Curtain Markings

A number of fatalities have occurred as a result of the lack of definition
of safe entry points, Machine operators tram themselves into anglad
ribs, overhangs, and concealed roof trusses or rib posts. Some mines
actually construct a door to indicate safe worker passage and to provide
passage definition, If doors are not actually constructed, the outline

of the passage entry should be clearly marked on the outside of the brat-
tice with reflective tape or other easily visible material.

Machine Projections

A number of fatalities are the result of an operator tramming himself
through a curtain and into a boom or other projection. Placing projec-
tions on the floor or against a rib is standard procedure for most mines

but the exceptions are deadly.

Angled Curtains

Brattice hung at an angle can mislead a machine operator and cause him
to collide with a rib or post. Many rib squeezes are the direct result of
a miscalculation caused by a crooked curtain. This is particularly dan-
gerous when combined with a changing mine configuration behind a curtain.
If the angle is absolutely necessary, a stepped curtain would be preferable.

Curtain Lifters

These could be machine or brattice-mounted lifting devices constructed
of inexpensive materials. The machine-mounted devices would be more
efficient but much less practical because of machine/machine and
machine/mine interactions, The machine mounting would have to suz -
vive boom movements, roof abuse and constant battering from other
sources. Examples are shown in the illustrations on the two fcllowing

pages.
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I. Belt Curtains

1. Relocate Belt Curtains

Provide a safety zone on both sides of curtain. This area should
provide ample reaction time for a worker traveling at maximum
(although illegal) belt speed to be consistent with reality.

2. Mark Safe Penetration Height

Curtains can often conceal a supporting truss or lowered roof height.
All curtains should have reflective markings to indicate both the
presence or absence of danger,

3. Brush Roof

On/off spots should have sufficient roof height to insure the safety
of workers required to use the belt. This recommendation would
also improve material handling efficiency at these points.

II1. SUMMARY OF RECOMMENDATIONS

In the long run, the safety problems created by blind penetration of the brattice
can only be soived by the development of new systems which obviate the need
for curtains both at the face and throughout the mine. In the interim, there
are a number of improvements which can be implemented to increase operator
visibility while penetrating or working around ventilation curtains.

An analysis of fatal accidents, combined with underground observations, suggests

the following recommendations:

1. Require a transparency index that will permit the light from a miner's
cap to be seen from the other side.

2. Require full use of vehicle lights when tramming through curtains on
all machines.

3. Require the use of a portable light to mark all equipment down for
repair.

4. Require all equipment to be parked either at least 20' from any blind
corner of brattice or so that half of the machine 1s exposed and lighted
on each side of brattice. Keep all machines out of intersections.

5. Require reflecting tape or other marking to outline safe passage area
on curtain.
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Many of the 74 fatal face haulage and equipment tramming a .cidents
(1966-1970) could have been avoided if visibility had not been obscured
by a brattice. At least 4 of the 75 total equipment accidents in 1970
alone were the direct result of obstructed vision, A number of other
fatal accidents might have been mitigated through a combination of the
recommendations proposed in this chapter.

V. COST TO IMPLEMENT RECOMMENDA TIONS

These recommendations entail relatively inexpensive modifications, many

of which are standard procedure in better managed mines. Taken individually,
the cost of the recommended procedures and equipment is negligible. Taken
collectively and combined with the cost of enforcement, there might be a
modest increase in the cost of coal. It would appear that the residual benefits
of improvements in visibility and safety would increase productivity and offset
the incremental labor and material expense, but this is a subjective judgement.
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CHAPTER 16

PERFORMANCE OF MISCELLANEOUS HAND OPERATIONS

STATEMENT OF THE PROBLEM

In the period 1966-1970 there were 77 fatalities resulting from roof falls that
occurred while the victim was performing hand operations: hand ioading,
clean-up, removing falls and roof scaling. Fourteen of these fatalities took

place in 1970 alone.

ANALYSIS OF THE PROBLEM

A.

Hand Loading and Clean-Up

Hand loading and clean-up operations are similar except for the time and
location of the task performance. Hand loading is the clean-up of loose
coal from the floor of the working area when the loader, continuous miner,
or hand buggy is in the face area, whereas clean-up refers to the removal
of loose coal when there is no mining machinery in the area.

Hand loading fatalities from roof fails have steadily decreased since 1966,
The greatest reduction has occurred in the "unsupported unnecessarily"
category used to describe a miner who is working under unsupported roof
when he does not need to be there.

Forty-three percent of the hand loading fatalities by roof falls were
experienced by someone other than the person assigned the hand loading
job as a primary task. This function is performed by ali working area
personnel and all levels of supervision,indicating a lack of advance
planning of hand loading task assignments.

Clean-up fatalities from roof falls, while reasonably stable since 1968,
have increased in the "unsupported unnecessarily' category. This may
be a result of the greater emphasis by the USBM on enforcing the rock
dust-coal dust ratio, and the over-compliance by the coal operators

in the prompt removal of loose coal from floors -- often undex
unsupported roof. Many of these fatalities could have been prevented

by less zeaious attention to clean-up.
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The 1969 law is very specific on rock dusting, allowable pcrcentage of
float dust, and ventilation requirements; however, the law is quite vague
with regard to requirements for the clean-up of combustible materials,
(75-400 of the Federal Register, Volume 35, Number 226.) 75.400-1
states that '..,,loose coal, and other combustibie materials shall be
cleaned up and not permitted to accumulate in active workings,...!" and,
75.400-2 states ',..A program for regular clean-up and removal of
accumulations of coal and float coal dusts, loose coal, and other
combustibles shall be established and maintained, "

75.400-1 and 75.400~2 do not state that the clean-up task need not be per-
formed if an area is unsafe to enter as is specifically stated in 75.402 on
rock dusting. The implication for safe clean-up is weak because the

safety clause follows two paragraphs later. Therefore, it is recommended
that a ''safe’’ clause be added to 75.400-2 similar to 75.402 and that an
interpretive letter be sent to each coal operator co explain that loose coal
can remain on the working area floor until it can be safely cleaned-up

under permanently supported roof. Further, it is recommended that

the letter stipulate that loose coal cannot remain any longer than is
necessary for safety (beyond the rext loading or mining cycle at each face),

Removing Falls

Fatalities from roof falls which occur while removing earlier falls is a
very difficult safety problem, Miners will be exposed to the danger of
additional roof falls during the period they are removing falls, whether
the removal is performed manually or mechanically., The only way to
reduce this hazard is to reduce the causz of the roof falls or to develop
a means whereby the miners can position themselves under safe roof
and remove the fall mechanically.

1. Roof falls of supported roof are caused by poor lithology or changes
in lithology. An observed cause of weakened roof common to most
mines is the roof bolter re-setting one or more jacks or posts before
drilling a hole and inserting a roof bolt. This flexes the roof by re-
moval and re-application of support and contributes to a weaker roof,
Re-setting temporary supports is unnecessary if the supports are
located with greater precision initially in accordance with the approved
roof control plan. If the roof control plans submitted for approval
properly take into account equipment mobility necds to arrive at a
workable temporary support grid, no further adjustments to the
temporary supports should be required,

236



2, Operators need to be shown that roof falls are expensive as well as
dangerous, The Bureau should provide funds to:

a. Finance a pilot study on the cost effectiveness of roof fall prevention
vs., roof falls,

b, Publish the findings of that study.

3. A study should be conducted, parallel to the roof fali prevention study,
to determine the economic feasibility of a machine to remove falls
such that the machine operator can remain under supported roof. Funds
should be provided by the Bureau to finance this study,

Roof Scaling

Most of the face crew and the foremen scale at one time or another.
Present roof scaling techniques are very hazardous., The miner gen-
erally places himself under unsupported roof, nearly under the rock
being scaled, or both, Eighteen miners were killed scaling roofs from
1966-1970; only three of these were standing under supported roof., In

11 cases the roof did not fall back to the last support line. Thus, these
11 would probably not have become fatalities if they had been able to
scale the roof from a positionclose to the last line of permanent support.

Most of the miners killed by roof falls while scaling roofs become victims
because they feel they cannot concurrently scale and remain under sup-
ported roof. To solve this problem we recommend the development of a
hydraulic roof scaling device that could be mounted on a continuous miner,
a roof bolter, or a loader and operated from under permanently supported
roof.

It is nwos% logical to place this device on a roof bolter in a continuous-type
mine and on a loader in a conventional-type mine, The continuous miner
can pick up the rock scaled by the roof bolter at the beginning of the next
continuous miner cycle, Furthermore, since the normal advance in one
cut is 20 feet, the roof bolter would be able to attack bad top near the face
by first bolting to within 10 feet of it, He could then safely stand under
permanent support to scale the roof.

In conveniional mining, scaling should be performed by the loader, because
any scaling debris brought down after the loader leaves a room would
present a tramming obstacle to either the face driller or the undercutter.
The length of the scaling tool handle would provide a safe length for the
loader operator because conventional sections, generally, undercut only
6-8' at a time,

237



The hydraulic roof scaling device would require a 10~12' handle of a
lightweight tubular material. The scaling end of the device would incorpor-
ate a hydraulically operated, worm gear expander that would generate

the required force to open the jaws and scale the roof. The hydraulic

fluid could be supplied via tubing in the handle. (See Chapter 20, Areas

of New Research, for further discussion of roof scaling equipment
requirements, )

When this device is employed, the miner wouldil) remove the tool from
its storage location on a continuous miner, loader, or roof bolier (a
telescoping handle would be needed for storage purposes), 2) position
himself under permanent support nearest the roof area to be scaled,

3) force the scaling end of the tool into the area of the roof to be scaled,
and 4) activate the scaling mechanism,.

In addition to preventing fatalities, the scaling device would also reduce
worker fatigue. Our consultants have observed workers exerting enough

physical force to bend a 1'" steel scaling bar.

The development of a scaling tool of this nature would be the responsibility
of equipment manufacturers. Development would be facilitated, however,
by a USBM grant for further study and development. This tool could be
made a requirement in appropriate mines based upon performance tests
following development.

III. SUMMARY OF RECOMMENDATIONS

A'

H aﬁd Loading

The requirement for the clean-up of combustible materials (75.400 of the
Federal Register, Volume 35, Number 226) shouid be clarified to exclude
all mine areas where the roof is not permanently supported.

Removing Falls

1. We recommend that roofs be secured according to the approved tempo-
rary support plan as soon as possible after mining, and according to
the permanent support plan as soon thereafter as possible. In any case,
the roof should continually be supported to avoid rooi flexing.

2. Research funds should be provided to study the causes of supported roof
falls, determine ways of preventing them, and examine the economics

of such prevention.

3. We recommend the performance of a feasibility study on the design of
machines to remove falls remotely and safely.
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CHAPTER 17

SURVEYING ACTIVITIES

STATEMENT OF THE PROBLEM

Surveying activities are most often conducted under unsupported roof after a
fresh cut, In addition to setting spads, which is done by the company survey
team, there are several other types of surveying done by the section crew.
These are:

A, Measure the depth of the entry to determine where to trim for a crosscut.
B. Measure the entry width at the face to assure that the width is correct.

C. Establish a center line on the roof of the entry to assure that the entry is
straight,

During the early 1970's, we expect one miner to be killed each year while sur-
veying or performing survey-related activities -- moving to, or coming from
a survey task, discussing the survey, etc.

ANALYSIS OF THE PROBLEM

Two men are needed to measure the depth of the entry: one man holds one end
of the tape measure at the last spad, and the second man holds the other end
at the face. If the roof has been supported, the man at the face is often one to
three feet past the last line of permanent support, If the roof has not been
supported, the man at the face is very vulnerable to a roof fall.

The face width is usually measured at the face rather than under the last line
of permanent support. There is no need to go beyond the last line of support
when the roof bolts are within three feet of the face. If the roof has not been
supported for the last ten to twenty feet, however, then accuracy dictates
hazardous exposure to unsupported roof.

The center line is established by attaching a chalk line to the last spad and
sighting along the extended chalk line for two spads. When the three points
are aligned, the foreman snaps the chalk line,with a resultant white line on
the ro0f. The foreman exposes himself unnecessarily if he marks the line

before the roof has been supported,

241



The solution consists of making two changes in the present procedure -- when
the tasks are performed and who performs them.

Assignment of the depth of entry and width of entry measurement tasks to the
roof bolter operator will force the '"when'' to occur after the roof has been
properly supported. The roof bolter operator will use a retractable steel tape
with a spike on the end for imbedding into rock or coal. This will perinit one
man to make all measurements. He will record measurements onto the right
rib with a permissible aerosol white paint or dye, indicating the cumulative
number of feet from the last spad. This will enable the undercutter operator
and the continuous miner operator to know exactly when tc make a crosscut.
For exampile, the continuous miner operator may see a ''50'" at the last line

of permanent support as he trams toward the face to begin his mining cycle.
Since he knows that a break must occur at sixty feet, he needs to judge only 10

feet from that point,

This simple procedural change and task reassignment has the additional
advantage of eliminating the common error of over-cutting, thereby creating
more uniform pillars and greater conformity to the approved mine plan.

The measurement of the centerline should remain the responsibility of the fore-
man, As in the case above, it is the "when'' of task performance which is to
be modified. The foreman should only make his measurement after the ioof
has been supported - after the roof bolter operator has made the entry width

and depth measurements.

III. SUMMARY OF RECOMMENDATIONS

Measure and mark the entry width, depth and centerline only after the
roof has been supported and only under that portion of the roof that is
supported,

Assign the entry width and depth measurement and marking to the roof
bolter operator as a regular task to be performed at the end of each roof

bolting cycle.

Keep the centerline marking a task of the foreman, with the requirement
that he remain under supported roof at all times while performing the task.

242






1I.

CHAPTER 18

BRATTICE MAINTENANCE

STATEMENT CF THE PROBLEM

One of the most exposed positions in continuous mining is that of the miner
helper. He is responsible for ventilation control, which requires that he
extend the brattice periodically to keep it within 10 feet of the face as the
miner progresses, After the initial penetration, the brattice extension takes
place in newly cut and unsupported rcof which often necessitates the setting of
a prop or recof jack to support the brattice., This exposure to unsupported
roof is complicated by a preference for a position forward of the boom, usually
in front of the operator, in order to avoid being crushed by the boom in the
event of a control malfunction or operator misjudgement. This position,
however, is extremely hazardous since it 1) places the helper nearer un-
supported roof areas and 2) does not provide any room to escape in case of
an accident,

It is estimated that the need for peneftration into unsupported roof areas for
brattice erection will result in at least 4 lives lost each year during the
early 1970's, As continuous mining tonnage increases as a percentage of
the total national underground tonnage, this number will increase propor-
tionaliy.

ANALYSIS OF THE PROBLEM

Although they share scme joint 2xposures, the continuous miner operator's
and helper's duties are extremely varied and preclude a simple analysis of
their exposure. Observations indicate that the operator assists the helper in
the performance of his duties more than the helper assists the operator.
During development work, the operator captains the team and is in almost
constant productive motion -~ cutting and loading coal, helping with props,
brattice, testing, scaling and a dozen other duties. While the helper works
constantly during the period devoted to support functions, he is relegated to
the position of an observer during most of the mining and loading operations.
The helper's duties are to protect the power and water lines which serve

the equipment and to move the brattice. Brattice movements normally re-
quire two men and are usually performed during the necessary delay between

shuttle cars.
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The helper's position during thes mining and loading operations is normally

to the rear of the operator but out of reach of the boom. From this position
he can tend the service cables, observe work progress, and assist in evalu-
ating roof conditions. The helper, however, in this position is also exposed
to dangers from the ribs, posts, roof, and machine -- particularly the boom.
as a result of constant equipment adjustments.

The functions performed by the helper are important but not all need to be
executed manually. Most of the duties, such as roof support or the move-
ment of supplies, must be performed by someone, so we are not suggesting
that the position can be eliminated by the removal of only two duties. Face
brattice adjustments and equipment cable handling, however, can be performed
mechanically which would free the helper for productive labor in other func-
tional areas, This chapter will only consider the problem of face brattice
adjustment, The cable tending function was discussed in Chapter 13.

There are a number of logical approaches to the brattice problem. Elimination
of the requirement for a brattice kept within 10 feet of the face would be a
partial solution for non-gassy mines. Minimum airflow and dust requirements
would allow greater latitude in mines not subject to methane liberation. This
may be only a partial solution, because a number of mines ignore the present
brattice requirements between inspections and are therefore not subjecting
operators and helpers to this exposure. A typical comment in the industry

is, ''when the inspector comes up the hill, the brattice goes up to the face'',

A second possible solution is to substitute tube-type ventilation equipment, now
used in some mines to hzlp control air movement, for the brattice. Unfortu-
nately the tubing diameter required for high volume air movement restricts
the applicability of this system in many mines with low seam heights.

The most practical approach to the problem seems tc be in accepting brattice

as the standard ventilation method, and attempting to redesign brattice main-
tenance. The simplest method of connecting the last brattice in a permanently
supported area to the continuous miner is to have a ''zurtain rod" type tensioned
cable., This will allow the brattice, supported by sliding rings, to adjust itself
to the opening required. The brattice would be adjustable on the cable and
could be positioned to keep both ribs visible. Although visibility would be a
problem, one possible alternative, assuming one end of the brattice is con=
nected to the continuous miner, would be a visibility ""window' near the machine.
This window couid be a simple cut-out in the brattice to provide rib and face

visibility.
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Whatever system is eventually chosen, we believe that for most non-gassy
mines the inherent danger of subjecting the miners involved in hanging new
brattice to unsupported roof far outweighs the ventilation dangers generated
by allowing brattice rmaintenance to lag face activity by more than 10 feet --
even 20-30 feet., A practical course of action for the USBM might, therefore,
involve 3 steps: 1) as an immediate interim measure, amend the "within

10 feet of the face'" regulation to specify that brattice maintenance may be
allowed to lag face activity by more than 10 feet in bad or suspicious roof
areas; 2) finance or subsidize a feasibility R & D study by manufacturers

for a machine-mounted, cable-supported brattice system and any other po-
tentially useful system for maintaining the brattice without exposing workers
to unsupported roof; 3) require the use of a remote brattice system in most
continuous mines.

SUMMARY OF RECOMMENDATIONS

A. As an interim measure, amend the law to allow brattice maintenance to
lag face activity by more than 10 feet in areas of bad or suspicious roof.

B. Finance a feasibility R & D study of the machine-mounted, cable-
supported brattice system to obviate the need for hanging brattice under
unsupported roof.

C. Require the use of a remote brattice system in continuous mines and
return to the ""10 ft. rule' in the Federal Register.

The remote brattice system is now being used in a few mines. It consists
of a cable support fastened to the roof with quick connecting rings to attach
the brattice. The rings can be moved along the cable in the manner of a
shower curtain. To extend this system from the last permanent support
would require a strong take-up reel and a support on the miner itself,

The brattice might then be positioned directly in back of the cutting drum
and provide even better ventilation control,
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2. Feasibility Study

e Estimated lives saved annually - unknown
e Estimated total industry cost = $40, 000

3. Change 10' Regulation in Federal Register

e Iistimated lives saved annually - unknown
e Estimated industry cost - 0

250



SECTION IV

HUMAN BEHAVIORAL PROBLEMS,

RESEARCH IDEAS, AND COMMENTS



CHAPTER 19

HUMAN BEHAVIORAL PROBLEMS:
LOW JOB TASK EXPERIENCE, LACK OF TRAINING AND CERTIFICATION,
LACK OF QUALITY SUPERVISION

DISCUSSION OF THE PROBLEM

In the broadest sense. nearly every fatal accident can be related, either
directly or indirectly, to some form of human error. The Fatality Report
Analysis presented in Section Il shows a high correlation between inexper-
ience, especially job task inexperience, and high fatality rates. Actually,
these figures provide only a rough estimate of the significance of personal
error as an accident source since the data does not exclude those inexperienced
men kiiled regardless of their experience level. Also the data does not and
cannot classify related human error factors -- fatigue, attitude, anxiety,

lack of attention, faulty knowledge, etc.

One can reduce human error by either changing the individual or changing
his environment. The individual's environment is composed of both social
and physical factors. Most of the fatality reduction problem areas dis-
cussed in this study are concerned with improving the physical environment
to reduce the likelihood of serious or fatal injuries, e.g., postponing clean-
up until the roof is supported, designing better cages or canopies, designing
temporary truss suppert systems, matching undercutting and loading equip-
ment, etc. However, to ignore the social environment of the workers, i.e.,
the influence of other workers, the supervision, etc. or to ignore the char-
acteristics of the worker, his task experience, his training or his skill level
etc, would be a serious oversight in a survey of underground coal mining

safety.

The I.E. study approach was not designed to investigate in detail such
problems as supervision, absenteeism, job turnover, worker attitudinal
problems, etc. Nevertheless, in our observations in over 50 mines, and
in our conversations with mine managers and workers, these problems
were observed or discussed over and over again, Moreover, our staff
was convinced that many of these human behavioral problems deserve as
much or more attention than the physical problems if dramatic safety
improvements are to be achieved in the mining industry.
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The problem areas discussed will be:

A. Aspects of Llow Job Task Experience Problems
B. Lack of Training and Certification

C. Shortage of Quality Supervision

A. Aspects of Low Job Task Experience Problems

Chapter 4 in Section II,covering the fatality report analysis, discussed
the apparent effects of low job task experience, whizh occurs in a
disproportionately high number of fatal accidents. Without repeating
the analysis made in that chapter, this discussion will cover some
additional aspects of the problem as observed during the field study.
The topics are:

1. High Job Turnover, especially for new workers in smaller
mines.

2. Absenteeism
3, Job Posting and Job Mobility

4. Crew Inexperience on Swing and "Graveyard' Shifts

i. High Job Turnover

Considering that the average age of underground bituminous coal
miners is close to 50 years of age and that older workers are
perhaps less likely to exhibit as high job turnover, the turnover
figures for the industry may understate the real turnover of
younger, new coal mining workers, The new data base established
by the Bureau on the worker pneumoconiosis tests may indicate
in the future the job mobility of the industry. In our interviews
with coal operators, figures as high as 60% per year were some-
times quoted for the turnover of new employees, especially in
medium and small mines.

One description of this problem often heard is that there is a labor
shertage of mature, hard-working, ambitious workers who are
willing or desire to become skilled miners. This may be true,
but another description of the same problem may be more appro-
priate, as formulaied by P. B, Doeringer, a labor economist. He
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studied the reasons for the large number of unemployed men and
the paradoxical shortage of labor and high worker turnover in
unskilled jobs in Boston. (''Ghetto Labor Markets'', Monthls
Labor Review, March 1969.) He found that unskilled workers
would take unskilled jobs for a while but would quit if they per-
ceived the job as onercus or as a dead-end job with little hope
of advancement,

Doeringer's findings are very similar to a study in Montana by
R.E. Gorman, et al, (""A Cuidance Project to Investigate Char-
acteristics, Background, and Job Experiences of Successful and
Unsuccessful Entry Workers in Three Selected Industries'!,
September 30, 1966, University of Montana, H.E. W, Office of
Education, Bureau of Research, Division of Adult and Vocational
Education, Office of Education Grant OEG4-6-062147-1932).
Reasons for high turnover of entry (new) workers were investigated
in three industries -- mining, construction, and logging. This
study found that the workers were ''poorly oriented to their job
assignments by management, ineptly instructed in the performance
of their assignments, outraged by the needlessly dangerous
working conditions. .. dumbfounded by cryptic directions from
their supervisors... They were all pained by the realization that
their hard, hot, sweaty jobs yielded them only slightiy more in
wages than jobs of those who can qualify for assistance in 'War

on Poverty' programs.' We believe the Gorman study is very
descriptive of many coal mining job situations.

Britain and Germany are experiencing similar problems in at-
tracting and keeping good workers in coal mining. Germany
especially has a severe coal mining worker shortage and imports
large numbers of foreign workers from Italy, Spain, and Turkey.
The National Coal Board in Britain has been conducting a national
advertising campaign including television commercials to recruit
workers, especially young workers., The commercials we observed
stressed thorough training, safety, and opportunities for promotion
and education. One commercial stressed that the men could continue

and finish their schooling while earning good pay (similar to
U.S. military recruiting programs with high school ""dropouts''}.

Both Britain and Germany require training and certification before
being assigned underground, and many educational programs are
offered to the miners to upgrade their skills. During our brief visit
this last summer in Britain, we met several men who had become
mining engineers after entering mining at the lowest skill level,

who had taken training courses and programs continuously, and who had
become engineers or managers while maintaining their employment.
The German coal officials were also very proud of their educational
programs and stressed them as very important to the future com-
petitiveness of their coal industry.
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We have observed that some progressive American companies
have safety programs and some training programs designed for
shot firer or foreman state certification, but we have not ob-
served any extensive ecucational opportunity programs of the
type described to us in Britain or Germany.

To some extent, the bad image of a job in American underground
coal mining may be exaggerated. Many companies have excellent
safety records, and the compensation and fringe benefits compare
well to many other jobs. Moreover, to the extent that the image
of the job is unrealistically exaggerated, a concerted public rela-
tions effort by the indusiry will help attract better labor and may
reduce job ‘urnover. However, to the extent that mining worker
jobs are and continue to be monotonous, dangerous, and dead-end
jobs. the image of coal mining work is not likely to improve.

. Absenteeism

Accurate industry figures do not exist on absentee rates. How-
ever, all operators interviewed cited absenteeism as a major
safety and production problem. Based upon the individual exper-
iences and estimates of the consultants performing this study,

an annual absentee rate of 7-15% for the coal industry seems
reasonable. This compares to a 1-4% average rate often used
to reprasent industrial absentzzism nationwide.

Absenteeism leads to ''shcort-crew'' sections, with crew members
forced into unfamiliar operations and tasks. In short-crew situa-
tions, section foremen often request that one or more crew
members from the previous shift "double-back''; i.e., work a
second consecutive shift. Fatigue is the natural result of a 16-
hour pericd of hard physical activity, and fatigue and accidents
are highly correlated in any industrial activity.

Absenteeism is also a serious problem in many collieries in Britain
and Germany. German officials indicated that high absenteeism is
associated with a higher incidence of accidents, despite concerted
efforts to be sure that no job is performed unless the worker is
certified for the job. If this is true in Germany, one would expect
absenteeism tc have an even greater effect on safety in American
mines where little, if any, job certification exists and job substi-
tution is practiced with little concern for worker qualifications.
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3. Job Posting and Job Substitution

Roof control is the most crucial operation in most mines in terms
of crew safety. The roof bolter is in the best position to ""know"
roof conditions and make on-the-spot adjustments to handle changing
circumstances. ''Tailingsy drill speed, bit condition, bit penetra-
tion, and various sounds are good indicators of actual conditions,
Yet, paradoxically, roof bolting frequently ends up as the respon-
sibility of the most inexperienced man on the crew. Experienced
men exercise seniority by bidding away from roof bolting because

it is dangerous, difficult, uncomfortable (dust and noise), and pays
less than other crew positions such as loader and undercutter

operator.

The inexperienced roof bolter not only is performing one of the most
dangerous jobs in the mine, he may be creating hazardous conditions
for the entire section crew: overspacing bolts or bolting too far from
face/ribs; overlooking or incorrectly bolting kettlebottoms; leaving loose
bolts; over/under-torquing bolts; or creating bottlenecks in section work
cycles, leading to out-of-cycle hazards such as the undercutter moving
ahead of the bolter. The situation in which one of the least experienced
men operates the bolter has been observed during this study as the

rule rather than the exception.

A better roof bolting machine could eliminate much of the negative
aspects of the roof bolter’s job, but without such a machine other
measures must be considered. Elimination of posting or modi-
fications to posting regulations, such as minimum experience at
one job before bidding to another, might slow down the roof bolter
job turnover. But more incentives to make the roof bolting job more
attractive is perhaps the best way to lessen roof bolter turnover.
Wage scales could be revised to reflect the responsibility and
experience requirements of roof bolting. The roof bolter should,
in our opinion, receive the top wage rate along with the loader
operator, while Lthe undercutter operator pay scale should be

comparable to the present roof bolter scale.

Even if the roof bolter job turnover cannot be eliminated, better
selection and training of new roof bolter operators would substan-
tially improve many section operations relative to both safety

and production. Roof bolting is typically a bottleneck production
operation. The roof bolter example cited may suggest that

as equipment and mining jobs change over the years, the compen-
sation ratios for jobs no longer reflect their relative importance

to productivity, their relative hazardous exposure, or their desira-
bility as perceived by the workers., A detailed study of fatality
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and injury ratecs per job classification would be helpful to both
union and management in negotiating rates to compensate for
relative degrees of hazard. Similarly, a comprehensive human
factors study of worker skills ideally required on various jobs
would assist in the worker selection process, the design of
training programs, the design of jobs themselves, and ths assign.
ment cf reiative wage levels or compensation tc jobs to attampt to
keep the most experienced and skilled workers on the moest
critical jobs.

Job posting, the practice of filling jobs on the basis of seniority
and notifying workers of job vacancies via ""posting'' lists of
available jobs, greatly increases the effects of job turnover in
a mine. Filling a few job vacancies can set off a chain of job
vacancies, very much like a game of musical chairs.

Unions in the U,S. have historically fought for seniority rights.
with mining unions being no exception. As already discussed,

the present lack of training and certification practices in many
mines, combined with posting practices apparently increases the
probability of accidents. In interviews with German union safety
officials, a preference was expressed for the existing training,
certification, and close supervision programs for new workers, and for
more worker educational opportunities rather than for seniority
provisions. These officials also predicted from their experience
that posting practices without adequate guaranteed training for the
worker would prove to be a dangerous practice in U. S, mining cp--
erations, Since training is expensive, the cost of more training,
compounded by existing posting proczdur=s, may in fact delay an
easy resolution of the problem.

Besides job posting practices, othei forms of mine job mobility
and job substitution practices crzate situations where men with
little or no experience attempt %o operate equipment or perform
unfamiliar job tasks., Some mine crews attempt to work through
the lunch hour by rotating and substituting crew members. Many
equipment operators will attempt to repair their own machine,
Repairmen will attempt to operate a strange piece of equipment.
Foremen wiil often fill in as equipinent operators., All these
hazardous situations would be mitigated by decreased job turnovax
by training for and certification of minimum skill levels, and by
restricting workers to performing only those jobs for which they
are qualified.
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The advantages of the system are clear: 1) a regular work week;
2) a shorter work week in terms of total manhours; and 3) less
fatigue and increased mental alertness while supervising,

The problem with the proposed solution is also apparent: the cost

of an extra foreman per section, The overhead cost of the extra
foreman in a typical mine is estimated at 5 to 6¢ per ton. This cost,
however, does not take into consideration the increase in productivity
nor the decrease in fatalities which would most likely result from an
increase in the percentage of high-quality foremen,

As the cost factor is likely to deter wide acceptance of the program
initially by the industry, an experimental program is needed to de-
termine the impact of the program on both safety and production.
The objective of the program would be to determine: 1) the signifi-
cance of improvements in accident and fatality rates; and 2) the
economic feasibility of the innovation. Increased productivity must
be sufficient to offset or significantly reduce costs to the point at
which the plan is acceptable to a substantial number of medium-to-
high production mines in the industry.

Perhaps the investigation of manpower shortage will help in resolving
the '"quality' issue in supervision. The fatality reports, our field
observations, and other studies clearly indicate that too many fore-
men are not safety conscious supervisors. In many cases they
actively encourage unsafe practices or give instructions to perform
unsafe practices. For example, as discussed in Chapter 5, the
majority of fatal roof fall accidents involved unsafe deviations fiom
roof control plans or other safety regulations; the foreman was
usually aware of the deviation and had apparently given tacit approval
to the unsafe procedures.

Certainly, high production is a mark of '"good' supervision from a
manager's poini of view., What about safety and '"'good" supervision?
Are safe procedures and high production procedures congruent in
the continuous mining and conventional mining technologies? Our
simple answer is yes -- safety and high productivity procedures are
more complementary than is generally recognized in the industry.

A number of companies in the industry have already demonstrated
this, especially those companies with good training programs.
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Z. Management and the unions should either eliminate job posting,
or allow the practice only for men trained and certified for
minimum performance proficiency on the new job, The fatal
accident report data strongly suggests that any policy that en-
courages job mobility without prior training for the job is a
dangerous policy.

3. We recommend that job mobility patterns be studied among
various mining jobs, relative to the importance of the job,
the skill level required, the relative hazard, the worker pre-
ference for the job, and the compensation for the job. We
believe that the compensation system and the job design of
certain critical jobs, i.e., roof bolter, encourages needless
job turnover. The high job turnover results in low task ex-
perience and a disproportionately high number of accidents.

4. Management and the unions should carefully consider rotating
shift schedules to prevent accumulation of all the experienced
miners on permanent day shift.

5. We recommend a comprehensive study be made of the causes
of job turnover and absenteeism in the industry with special
emphasis on new worker problems. A 10-year comprehensive
geographic forecast of needed and avai:able labor in the coal
industry would help companies, unions and the Bureau plan
for the future. Determining how much of the new worker prob-
lems are 'image' problems would help the industry decide
whether better public relations would help. Identifying with
documented evidence the major job ''dissatisfiers' will help
both management and labor eliminate some of the most criti-
cal job dissatisfactions,

Problem Area "B!' - Lack of Training and Certification

1. Compile a "library" of current (raining techuiques in the
industry.

2. Consider ''certification' of minimum proficiency as a requirement
for all working positions, or at least key jobs.

3. Develop a USBM subsidy program to assist training, especially
for small-to-medium-size mines. Perhaps subsidized cooperative
training centers could be set up by the operators.






CHAPTER 20

AREAS OF NEW RESEARCH

This chapte» describes technical, procedural, and management problems as-
sociated with underground coal mine production which Theodore Barry and
Associates feels could benefit substantially from additional study and research.
These suggested areas of new research differ from the recommendations
presented in Chapters 7 through 19 in that: 1) we are uncertain as to the ideal
or optimal solution to the problem -- hence the call for new research; or 2) we
do not feel sufficient data exists to make a useful judgement concerning the im-
pact of the project upon fatality reduction; or 3) we do not know if all aspects of
the problem have been identified and defined accurately -- hence, the need to
study and weigh the subject in greater depth.

In collecting, reviewing, and evaluating these areas for potential research, we
hav=2 assigned priorities based upon the collective judgement of the TB& A
consultants who have conducted this study. The priority system used here is as

follows:

@ Top Priority — A research breakthrough could have a
significant impact on fatality reduction; or, a significant
contribution could be made for a minimurmn expenditure of
time and research funds.

e Second Priority — This research is less significant in
terms of potential payoff (lives saved) but still can
contribute to fatality reduction; or, the research benefits
are still some distance (time distance, money distance,

etc.) 'downstream''.

® Low Priority— These projects should be considered if
additional funds are available.

The areas of new research are grouped under three major headings:

I Technical/Engineering Research: Mining Equipment
1I Technical/Engineering Research: Personal Clothing and Equipment
IIX Management/Administrative/Organizational Research

We recognize that some of the following proposals are being investigated or
may have been investigated by the U.S. Bureau of Mines or organizations
under contract to the Bureau. However, a review of external and internal
research programs was not considered to be within the scope of this contract.
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D. Miscellaneous

9. Battery Shuttle Recharging

The Problem: Shuttle car cables are inherently unsafe due to the reces-
sity of frequent and sometimes dangerous repairs, particularly in wet
mines. Damaged cables preclude movement of the car, which can be
both a work obstacle and an equipment collision danger. Energized cars
also present a hazard to repair men. In addition, cables impose routing
limitations on both the shuttle cars and other section equipment.

Battery cars are presently limited in endurance and present charging
problems. Many battery powered cars are "duplicated' so that one
car is available while the alternate car is charging.

Research Recommendation: Investigate the feasibility of a permissible
quick charge station at the tailpiece which would supply the conveyor
power while recharging the batteries used for the tramming and loading
movements of the conveyor. This would allow use of present shuttle car
designs and remove the endurance obstacle for battery-powered cars

(or tractors).

A permissible '"probe' with appropriate sheathing wculd be necessary

to provide a permissible quick charge station. The car would have ap-
proximately 30 seconds to receive its ""boost" while dumping to the belt,
tailpiece or mainline haul. Since the power for the conveyor could be
directly supplied at that point, only the propulsion motor requirements
would be charging. The minor exception to this requirement is the power
needed to advance the conveyor to adjust the distribution of coal while

loading.

The probe would have to be a flexible snorkel with well shielded contacts
on the male connection. If placed on the car, the probe shouid be re-
tractable automatically to avoid a dangerous protuberance. It should
also be automatically de-energized when retracted. If placed at the dump
point, the probe must be sheathed except during actual penetratioa of the

car.

This idea is apparently beyond the state-of-the-art and will require
an advance in battery design technology.
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FEquipment Interrelationship and Integration

The Problem: When considered individually, personal equipment aids such
as the self-rescuer, dust sampler, anemometer, methane detector safety
lamp, and noise sound instrument are adequate in solving the various safety
problems they address. Little thought, however, seems to have been given
to how this equipment fits together, how it can be transported, how it affects
the personal movement and comfort of men, or how it interacts with other
equipment. As a consequence, miners often go without certain pieces of
required equipment in order to improve comfort and mobility (and there -
fore safety). Self-resceers, for example, are often left in their original
shipping box somewhere near the intersection of section and mainline haulage,
which might b2 a half mile from the working face.

Research Recommendation: We recommend that a study of the miner and
his personal equipment and clothing be made at the work place in var-
ious mining conditions io determine essential equipment and how
individual equipment items should interrelate. We further recommend a
USBM/equipment manufacturers' joint developmental effort to test the
feasibility and practicality of new types of clothing and equipment.

Research Priority: Top

III. MANAGEMENT/ADMINISTRATIVE/ORGANIZATIONAL RESEARCH

A.

USBM Internal Technical Consulting Group

The Problem: The majority of small and medium sized mines do not have
the resources to employ a staff of experts in the various specialty areas
of coal mining (ventilation, roof control, electricity, etc.). Therefore,
these mines often find it difficult to cope with unusual technical problems,
even though the problems may contribute to hazardous conditions.
Although USBM research centers are often prepared to help the small
operaior solve these problems, many of these small operators say they
are hasitant to contact the local USBM for fear of receiving a violation
notice from local USBM officials. Thus, many hazardous situations go
uncorrected when they might be easily remedied.

At least at the local sub-district level, the Bureau lacks a systematic
means of coping with non-negligent mine hazards stemming from unknown -
or unclea: causes. At the present time non-negligent hazards are often
dealt with in the same manner as negligent and willful hazards; i.e., they
are viewed as an '"offense'' rather than as a research problem.
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Some comments on the proposed system shown above: 1) A process
similar to this often takes place on an ad hoc basis but often only after
the problem has become desperate or critical, In such cases, the op-
erator 'jumps'' the Bureau chain-of-command and calls Washington or
Pittsburgh, 2) As a result, local Bureau managers tend to see requests
for help as a reflection on their competence; this encourages '"police"
rather than ''problem solving'' behavior on their part. 3) A regular ad-
ministrative system for handling non-negligent hazards would operate
through the local Bureau apparatus, giving the sub-district manager
viable procedures for handling hazard problems. 4) Such a system
implies changes in organizational relationships, changes in role per-
ception, changes in planning, programming and research expenditures,
etc, which would require in-depth study before implementation.

We believe the Bureau should conduct a study of organizational, admin-
istrative, and informational requirements involved in developing closer
Bureau/operator cooperation. The study would: 1) determine the feasibility
of the above system:; 2) determine the attitudes and opinions of principal
parties involved in such a change; 3) estimate the increased cost of the
system; and, 4) develop a detailed operating plan for implementing the
system.

One outcome of such a study could conceivably be an internal USBM con-
sulting group which would be available to the operator upon request,
Numerous operators have commented that they could use such a group.
The service of the consulting teams could be confidential in order to
encourage operators to discuss their problems without fear of punitive
action. These consulting groups could also provide the additional
service of reviewing operators' administrative (and other) records and
offering constructive criticism. They could also make tours of the mine
(on the operator's request) and point out various problem areas the
operator may have overlooked; the results of these tours would be
strictly confidential.

Research Priority: Top

Mine Classification System

The Problem: At the present time, all coal mines throughout the country
are considered to be identical under the coal mine Health and Safety Act

of 1969. Each mine, though, is unique unto itself by the very nature of the
coal mining process, Different conditions within a given mine combine to
create hazards of varying natures and precedence. For example, mine "A"
has zero methane liberation and coal which cuts quite easily, therefore
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CHAPTER 21

INSIGHTS, OBSERVATIONS. AND COMMENTS

This chapter discusses a variety of hazards which we observed in the mines
and recommends possible solutions. These observations have been assernbied
in this section fer any of three possible reasons:

e They are insights that we feel are valuable, but for which supporting
data does not exist,

@ They are valid observations, but their impact on safety may not be as
great as other recommmendations within this report.

e Our observations may well have been identified by others and ouxr
recommendations may duplicate those made by others.

Some of our interpretations of the hazardous problems listed in this section
may be subject to subsequent revision or expansion; some may be proven
invalid., But, in keeping with the ultimate objective of this study -- to save
lives -- we feel that it is important to include any idea which might furnish a
new insight or creative idea regarding fatality reduction.

This chapter is divided into two subsections: Procedural Hazards and
Equipment Hazards.

PROCEDURAL HAZARDS

The implementation of the recommendations within this subsection requires
minimum capital expenditures, and in most cases oniy entails simple pro-
cedural changes. Many of the recommendations are accompanied by greater
worker productivity and/or improved efficiency, resulting in greater output
per manhour. The following is a listing of our observations and recommen-
dations concerning procedural hazards,
























II.

Hazard: New cuts made at the end of swing shift are usually left overnight
without support. Cuts made at the end of day shift may go 60-90 minutes
without support during man-trip out, man-trip in, crew preparation, etc.
This contributes to roof flexing and increases the possibility of a fall of
supported roof al some time in the future,

Recommendation: Federal regulation should require all temporary support

plans to provide for temporary support of any new cut before changing shifts.

Hazard: Haulage accidents occur frequently when machinery from a pre-

vious shift has been left parked behind a check-curtain and is run into by

another machine.

Recommendation: Off-going foremen should be required to communicate

equipment positions to in-coming foremen at the shift change. (Note: See
Recommendation D concerning section blackboard.)

EQUIPMENT HAZARDS

Recommendations within this sub-section generally do require some capital
investment. In all cases, either equipment modifications or purchase of new
equipment is required. The following is a listing of our observations of equip-
ment hazards and recommendations.

A—l

Hazard: Temporary cable splices afford little protection against water
contacting electrical conductors and create serious electrical hazards
for nearby men working in the water.

Recommendation: Develop a rugged, waterproof splice '"jacket' for use
over temporary splices in wet sections until cables are pulled for vul-
canization. This self-adhesive, external canvas jacket would be the
equivalent of a large, latex bandaid. (Note: Many mines with permis-
sible underground permanent splice equipment have found it to be unre-
liable and difficult to use.)

Hazard: Occupants of open-top mantrip cars are exposed to roof ready
to collapse along the entire length of the main entry. Untorqued bolts
often drop down, reducing the height of the roof. As the cars travel
through the mine, miners can be speared by these loosened bolts or
struck by falling fragments of roof. Open-tops also afford no protection
in mainline collisions, as evidenced by 4 men in an uncovered car killed
in one accident (those in the coverasd car were only injured).

Recommendation: Covered mantrip cars should be used whenever roof

height permits.
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The tentative cost from a Los Angeles supplier would be §.40-,50 per
phosphorescent sign in quantities of 10,000, Wider spacing of signs
and larger order quantities would cost a large mine about $5, 000 for

the material.

The 3M Company can furnish reflective tape signs for approximately
the same cost as above.

Hazard: The repositioning of the continuous miner for better loading
position, or to do clean-up work on roof, ribs or floor requires the
constant attendance of the miner helper. Because of his constant re-
sponsibility for keeping the power cable from beneath the miner, the
helper is exposed to both equipment hazards and roof hazards by his
position between the machine and rib. (One helper was recently killed
by a rib burst when blown against the miner by the coal -~ others sur-
vived by rolling with the burst.)

Recommendation: One solution is to develop a device to hold the cable at
right angles to the continuous miner. One large mine company currently
uses a device composed of 5 wire cables (approximately 12-18'" long) to
help hold the power cable away from the machine.

These cables are flexible and not likely to cause injury. Unfortunately
because of this flexibility the device sagged too much and reduced the
""reach'. As a result, the device was not effective. In fact, the con-
tinuous miner ran over the cable and cut it while being observed by
TB & A consultants.

A more satisfactory solution would be to develop a spring loaded rigid
arm which would not sag but which would provide lateral movement at
30-40 pounds resistance., This would allow the arm to fold flat if a rib
or person required clearance. The arm would be extended only during
short movements conditional upon the slack in the cable. The weight
of the cable during tramming operations would pull the arm against the

side of the miner,

Hazard: Electrical cables hung from the roof at intersections often droop
sufficiently to be caught and jerked down by a shuttle car carrying a high
load of coal. On occasion, the cable has blown.

Recommendation: Metal risers {sze Recommendation E) would allow cables

to cross intersections on the ground, would eliminate time lost due to raising

and hanging cables, and would eliminate the cable '"droop'' hazard.
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