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This report was prepared by J. J. DAVIS ASSOCIATES, McLean, Vir-
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initiated under the Coal Mine Health and Safety Program. It was
administered under the technical direction of SMRC, with Mr. Paul
McWilliams acting as the Technical Project Officer. Mr. David
Askins was the contract administrator for the Bureau of Mines.

This report is a summary of the work recently completed as part
of this contract during the period January, 1974, to July, 1975.
This report was submitted by the authors on December 1, 1975.
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to The John T. Boyd Company for their assistance as technical
consultant and Mr. Paul McWilliams for his guidance as TPO.
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I. INTRODUCTION

. The following pages discuss the objectives, the background,
the scope and a statement of the problem of the study of methods
to improve the pillar extraction practices in underground coal

mines.

1. OBJECTIVES

The objectives of this project were:

. to determine the principal factors contribﬁting to
high accident frequency and severity in both conven-
tional and continuous mining operations;

to compare and evaluate the safety aspects of the
"open end" and "split and fender" systems of pillar

mining;

. to establish basic data required to decide what
constitutes an adequate pillaring plan that will
optimize efficiency, recovery, and safety;

. to determine what measurements or information should
be collected, (e.g. roof sag, pillar stress,) to make
on-the-spot judgment of impending roof or pillar
collapse;

to make recommendations to improve existing methods
or to insure proper techniques are implemented, and

. to suggest areas where additional studies or new

research may be of value.

In addition it was necessary to gather data on factors influ-
encing productivity of pillar extraction practices for room and
pillar coal mining in the United States, using these data to per-
form an industrial engineering study of these pillar extraction
practices. This industrial engineering study suggests ways to
increase pillar extractiOn.ratios within the restrictions imposed

by subsidence, safety, and law. It will also suggest ways of
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increasing coal pillar efficiency through the development of
improved technigues, procedures, and equipment design.

2. BACKGROUND

Pillar extraction, or pillar robbing, in underground U.S.
coal mines is conducted using two basic systems: the open end
system, whereby cuts are mined from one or two sides of the pillar
adjacent to the gob; and the split and wing system, whereby cuts
are mined in the same way as in the open end method, except that
a fender of coal or a series of small coal stumps are left adja-
cent to the gob to help support the roof. These fenders or stumps
may be later blasted and the coal may be partially recovered.

' Both systems are equally adaptable to conventional or continuous
mining operations with minor modifications. It is estimated that
40 to 70 percemt of production will come from pillar robbing.

Artificial supports used in pillar extraction consist of tim-
ber breaker props, wood crossbars or wood cribs. Hydraulic props
and yielding steel props are also used successfully since they can
be tripped and pulled to a safe area when pillaring is complete.

Caving of the roof is required following pillar extraction
in order to relieve weight that would otherwise be transferred to
the timbers or solid coal along the pillar line. Large unmined
blocks of coal, pillars, or excessively stiff supports may prevent
caving and cause the excess roof weight to be transmitted to the
pillar line. The result can be bottom heaving, squeezing, or
other unfavorable mining conditions. In extreme cases, the pillar
line may have to be abandoned. Sometimes an entire section may
be lost. This can create difficult and hazardous conditions in
adjacent panels and greatly reduce overall recovery.

Pillar robbing is accomplished best when both development and
pillar mining are planned in advance and executed systematically.

I-2




Regularity and speed of retreat are conducive to an efficient and

safe operation.

An analysis of fatal coal mine accidents between 1966 and
1973 showed that from a sample of 1000 fatalities, 291 occurred
at the face area during retreat or pillar recovery work. There
is very little information available detailing the specific opera-
tions and mining conditions contributing to these fatalities.
However, significant factors seem to be: use of the wrong system
for roof conditions; use of improper methods of recovery, such
as inadequate or wrong type of supports; and improper implementa-

tion of safe, established procedures.

MESA is now faced with the responsibility for improving the
roof control plans submitted by the mining companies. A plan for
pillar extractions is included in this requirement when applicable.
The job of deciding what constitutes an adequate roof control plan
requires knowledge of the following:

. What constitutes a safe system for different roof condi-
tions; :

. What methods of excavation, support, and haulage are
optimum in terms of safety; and

What factors can be used as a basis for judging unsafe
conditions? :

3. SCOPE OF WORK

In order to meet the objectives of the project a detailed
analysis was made of normalized accident data on pillar extraction.
Roof control plans for pillar extraction submitted by mining com-
panies were analyzed. Extensive discussions were held with MESA
Health and Safety Inspectors and mine operators. In addition,
detailed underground industrial engineering studies were made of
a selected cross-section of pillar robbing operations, (both con-

ventional and continuous.)
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In total 25 mines were selected for the conduct of the field

studies. The selection formed a representative cross section of
mines in terms of normalized accident rates and different mining
conditions. The mines selection list was approved by the U.S.
Bureau of Mines. During the field analysis, a work element break-
down was prepared for each operation in sufficient detail to permit
the study of all variables which would affect safety and produc-

tivity. The study and observation forms prepared included the

following:

the name of the mine;
the daily production and production by man shift;
the number of men employed and man-hour employment;
the particular coal bed being mined;

. the mining system;

. the mining metﬁod;

. the ?illaring system;
the depth and dimensions of the mine;

. the average seam thickness;
the general lithology of the roof, floor and coal;
the accident data as it may pertain to pillaring opera-
tions;
job classificafions of the workers;

. the work being performed;

. the location of individual workers in the mine;

the position of the worker with respect to support and
equipment;

the dimensions of the work place;
any geological abnormalities;

the length of time the roof was exposed, with or without
support;




. the type of support used;
. the type of equipment used;

. the location of support and equipment with respect to
the work place;

the roof support plan;
. the subsidence considerations; and

. any general terrain considerations which may affect

productivity or safety.

In each of the mines selected for study all parts of all func-
tions pertinent to the pillar extraction process were analyzed.
This included the installation and removal of supports and blasting
of stumps or fenders when appropriate. Both conventional and con-
tinuous operations, and both open end and split and fender systems
were analyzed. The pillar robbing activities were treated as a
total system comprised of such factors as mining pattern, mining
method, roof control, methane control, dust control, ventilation,

and subsidence control.

During the entire study, in order to prevent inadvertant public
disclosure of proprietary information, all findings and data were
coded. In this manner the identities of companies and particular

mines involved in the study was kept confidential.

Methods were explored to change the work elements in a way
which would reduce the accident exposure during pillar robbing. The
measurements and other information required for deciding what con-
stitutes an adequate pillaring plan were determined and applied to
presently used pillaring systems. Based upon this information,
recommendations were made for making changes in work practices,
mining methods, equipment, and safety operations which would improve
overall safety. '

In addition, the economic impact of increasing the extraction

ratio was analyzed and, where possible, estimates were made of the
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amount of coal lost under current practices and how this loss

could be minimized.

Finally, areas of additional research were noted which could
potentially reduce hazards, improve safety, and increase extrac-

tion ratios and production in retreat mining.

4, STATEMENT OF THE PROBLEM

Production efficiency (expressed in tons/man shift) in under-
ground coal mining has enjoyed a nearly uninterrupted increase in
rate throughout this century. Figure I-1 delineates the growth
rate of underground mining and contrasts this r%%e to strip and
auger mining. From 1900-1950 underground production increased
rather slowly. This is primarily due to lack of automation. Hand
and conventional mining contributed nearly 100% of underground
production during that period. During the late 1940's and early

1950's, however, conventional mining systems became more automated;

Tons/man shift
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and, at the same time, the continuous miner was introduced. Both
systems greatly improved production efficiency in underground

soft coal mines and led to dramatic increases in tons/man shift.

The peak of underground production efficiency in this country
was attained by the end of 1968, at a rate of approximately 15.7
tons/man shift. The advent of the Coal Mine Safety Act of 1969
and other factors caused coal production efficiency to decline
during the five years following the peak from 15.7 to 11.2 tons/

man shift.

Figure I-2 magnifies this dramatic decrease in production

efficiency.
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There are many variables affecting this change. However,
we will dwell only on pillar related factors affecting production.
One major factor, in our judgment, is the increasing rate of
retirement of experienced "pillar" men. For a period of time
young men did not enter mining. This phenomenon has created a
vacuum of experienced men who can extract coal in an efficient
manner. These skills often take a lifetime to acquire, and the
absence of middle-aged workers has contributed to this shortage
of skill.

Figure I-3 depicts the rapid increase in continuous mining
as a percent of total production. Continuous mining and remote
controlled continuous mining drastically changed the techniques

and reduced the hazards of retreat mining.

100 ﬂ//Conventional
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Total Continuous >
Production 40  Handeut \\ ////
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. :

1920 30 40 50 60 1972
Year

Methods of Underground Mining
Figure I-3
Because of the high cost of continuous mining equipment, many
"efficient" pillaring systems were altered or changed because of
managements' fear of covering up the equipment. Many other vari-
ables influence the adoption of one system rather than another;
however, for illustration purposes, this highlights a major pro-

blem in pillar recovery.




There have been articles in recent newspapers and publica-
tions relating to coal mine production efficiency. Many sug-
gest that the U. S. mining industry has nearly reached technologi-
cal limits of productivity increases under existing conditions;
and that, without revolutionary changes in technology, significant
productivity increases cannot be realized (in the near future.)
In examining these revelations, one might conclude that limited
short term productivity improvements rest on the shoulders of
the individual worker and the innovative vision of management and
that really significant increases must await changes in technology.
While obvious improvements can be achieved through better training,
proper mine planning, and improved work attitudes, it need not
stop there. Significant payoffs can be realized by more funda-
mental changes, such as improved scheduling, more effective utiliza-
tion of equipment, improved face haulage, and the adoption of rigid
maintenance plans.

To illustrate, a continuous miner, having the ideal cutting
capacity of 500-600 tons/hour, usually can expect only between 300-
600 tons/shift. Many inherent delays are built into the production

process as shown in Figure I-4.

.Haulage

Distribution of Continuous Miner Activities
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Because of roof control restrictions, for instance, the
miner often makes multiple cuts from different directions to
facilitate roof bolting. This iterative cycle causes major de-

lays in tramming that are unavoidable, yet costly to production.

Another problem facing the industry is that the "easy coal"
in the East has nearly been mined out. With higher restrictions
on pyritic sulfur and ash content, more "selective" coal is in
demand, requiring more difficult mining practices, including pil-
lar extraction of high overburden, low seam coal. These condi-
tions are added variables with which mine management must contend

in structuring its roof control plans for MESA approval.

It takes years before new technology has a significant impact
on productivity. Figure I-3 shows that the continuous miner, a
major breakthrough in technological advancement, appeared in 1950,
It was 10 years before this method contributed 25 percent of total
production. New mine systems will require a long lead time before
major contributions to increased productivity are attained. This
emphasizes the importance of concentrating on improving existing

systems.

The USBM is also interested in determining the areas in which

they should concentrate their efforts for research and development
over the next ten years. To this end, areas have been identified
where efforts should be made to develop new technology that will

have a major impact on the industry.

As with any study which encounters a multitude of variables,
judgment must be exercised in order to use limited observation
time profitably. Accordingly, it was crucial to weed out spureous
and inconsequential data and to concentrate on the most important

questions:

Where are people getting injured?
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. How can roof control better contribute to safety,
efficiency, and recovery?

o What operational methods and procedures can be applied?
. How can we optimize equipment utilization?
. How can we efficiently extract pillars?

The first step was to concentrate on analyzing pillar re-
lated accidents. These reports offered empirical insights into

what occurred before, during, and immediately after each accident.

Throughout the analysis phase, efforts were focused towards
expected high'payoffs in safety and production efficiency. For
example, determination of drill bit efficiency for a mobile face
drill machine might provide the optimum drill cutting character-
istics for a given job. The impact on productivity of the mine
section, however, might be marginal compared to evaluating place-

ment of temporary support systems.

_Because roof control is so important to safe and efficient’
pillar removal, roof control plans were reviewed with regard to
their adequacy and potential improvement. From preliminary field
studies and accident analysis, a great variance between "per-
ceived" knowledge of roof control plans and actual knowledge of

these plans was discovered.

Another area of concentration was in evaluating equipment
efficiency, capacity, and economics. Having the proper equip-
ment matched to specific production requirements is crucial to

any efficient operation, and the mining industry is no exception.
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II. SUMMARY AND RECOMMENDATIONS

This section outlines the organization of the report and
summarizes the findings and recommendations made as a ;4@;1t of
the study. P

1. OUTLINE OF REPORT

The following paragraphs cradense the results of each of the
major report chapters. Thg/pﬁfpose of this summary is to help the
reader to understand tFe/éontent and organization of the report
and to identify sectidns which may be relevant to his particular

interests.

(1) Accident Analysis - (Chapter III)

This chapter documents the results of fatal accident
analysis for retreat pillar mining. In the first section,
the construction of the data base, the statistical techniques
affecting the data, and normalization data are documented.

In Section 2 specific recommendations are made as a result
of the analysis. Section 3 includes discussion of field
study hazard analysis results and includes some specific
recommendations to reduce these hazards. Section 4 dis-
cusses the analysis of the non-fatal accident data base.
Section 5 includes the details of all relevant analysis.

(2) Pillar Extractibn Methods - (Chapter IV)

In the chapter on pillar extraction methods, Section 1
discusses concepts of retreat pillar mining, as well as some
considerations in th¢ utilization of such techniques. Section
2 discusses pillar recovery, using continuous mining techniques
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and summarizes the current state-of-the-art in pillar
extraction. Although other techniques of pillar extrac-
tion may be used, this section discusses the most common
techniques used in this country. Among the techniques
discussed are pocket and wing, split and fender, split
and fender with simultaneous fender extraction, multiple

split and fender, radius pillaring, diagonal pillaring,

and several novel and interesting pillaring plans. Section

3 discusses pillaring techniques commonly used in mines
employing conventional mining equipment. Among the tech-

niques discussed are open ending and split and fender.

Chapter IV was organized to focus on the various

options for the extraction of pillars. It does not include

any detailed discussion of pillar extracticn practices.

Such details are covered in subsequent report sections.

(3) Analysis of Pillar Extraction Practices - (Chapter V)

Chapter V highlights some of the benefits and
penalties associated with various pillar extraction plans.
The discussion includes plans for both continuous and con-
ventional equipment but is restricted to the more common
techniques. The comparisons of this section were used to
produce a comparative analysis of alternative pillar ex-
traction plans and a quantitative rationale for the selec-
tion of alternative pillar extraction plans for particular

sets of conditions.

(4) Recommendations for Improvement in P%QEEEWEXtEQEEEET
(Chapter VI)

Alternative considerations and variations associated
with retreat pillar mining are identified and discussed in

this chapter. Specific problems are highlighted as are
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several recommendations for improvements. Among the topics

discussed are the following:

. sequence of cuts in pillar extraction,
. roof control requirements,

. effects of basic pillar dimensions,

. variations in section layouts,

. angle of the pillar line,

. sequence of extraction,

. alternative ventilation plans,

. logistical considerations,

. recovery rate considerations (i.e., percent of
coal extracted), and

. equipment requirements.

(5) Rock Mechanics of Pillar Extraction - (Chapter VII)

This chapter summarizes the rock mechanics consider-
ations for pillar extraction (discussed in detail in
Appendix F of this report). Topics presented are room
spans, intersection design, and production pillar design.
Also included are recommendations for future studies of

.rock mechanics in pillar extraction.

(6) Appendices

Six appendices are included to provide back-up data
for this report. Appendix A provides a complete listing
of the fatal accident analysis variables and the defini-
tions used in the fatal accident analysis. Appendix B
contains a matrix summarizing all cross tabulations and
frequency distributions run for the fatal accident analysis.
The characteristics of mines included in the underground

studies are tabulated in Appendix C. Appendix D provides
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summaries of the studied mines. Appendix F is a detailed
discussion of rock mechanics theory as it pertains to retreat
pillar mining. The MESA respirable dust file data used in

normalization of fatal accident findings is found in Appendix E.

(7) Analysis of Haulage System

A separate but parallel study is made of haulage systems
pertaining to retreat mining. This is published in a separate
report. Chapter III of Volume II contains an analysis of
fatal accidents related to haulage. Chapters IV and V of the
report discuss general haulage practices as they pertain
to retreat mining. Among the topics discussed are two=-car
cable shuttle car systems, three-car cable shuttle car systems,
diesel powered shuttle car systems, and loader hauler dump
(LHD) haulage systems. Also discussed are several continuous
haulage systems, including bridge conveyors, extensible belt
conveyors, and suspended belt haulage systems. All of these
systems are discussed within the context of retreat mining.
Chapter VI discusses the development of standard data for both
shuttle car systems and continuous haulage systems. Included
in the appendix is an equipment digest listing various haulage
equipment used in coal mines today, including cable shuttle
cars, diesel equipment, loader hauler dumps, and continuous

haulage equipment.

SUMMARY OF RESULTS AND RECOMMENDATIONS

The following pages contain the summary of results and recom-

mendations of this study. Each result or recommendation has been

referenced to that part of the report where detailed discussions

and back=-up data can be found. This section has been organized

into several classifications of results to ease the reading. While

some of our proposed recommendations are currently being funded by

the Bureau of Mines, we nevertheless have listed programs that we

consider would have an impact towards improving pillar retreat

safety and efficiency.
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(1) Equipment

The following recommendations and findings deal with

equipment development and modification.

. Develop Mobile Roof Support System. USBM should
sponsor a project to develop a Mobile Roof Support
Unit. This unit could be used instead of breaker -
posts in retreat mining and as temporary support
in two pass advance mining. A unit-powered, remote
controlled and fully recoverable under bad condi-
tions, could in conjunction with remote controlled
continuous miners, totally eliminate the need for
men in a partially removed pillar or in the
immediate vicinity of the face during advance
mining. (Chapter VI, 13)

. Develop Timber Machine. The USBM should initiate
a project to redesign and build a timber machine
for use in pillar extraction. Such a unit could
eliminate the handling and rehandling of timbers,
lost tools and other supplies, while providing a
mobil station for temporary support setting.

Such a unit should be self-powered, equipped with
a saw, have ample space for carrying material and
incorporate a means of recovering timbers that
have been set. (Chapter VI, 14)

. Develop Remote Controlled Loading Machine. In
the conventional mining cycle the loading cycle
is by far the most hazardous. Development of
remote controlled loading machines could substan-
tially reduce the hazards associated with this
cycle. (Table III-37)

. Develop High Capacity Section Belt Feeder. The U.S.
Bureau of Mines should develop a belt feeder system
that can accept 8-10 tons of coal in 10-15 seconds,
that can rapidly be moved and set up and that can
accept coal from three directions. (Chapter VI, 37-38)

. Develop Self-advancing Belt System. The U.S. Bureau
of Mines should develop a self-advancing belt system
for use with shuttle car or continuous haulage
systems. Such a belt should be able to advance in
15 minutes and be capable of advancing up to 150 feet.
(Chapter VI, 37)

. Develop Automatic Cable Handling System. An auto-
cable hauling device should be designed for the
continuous miner and loading machines. (Chapter III)
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Develop Warning Devices. Articulated shuttle cars,
scoop and tractor-trailers which when loaded are
often limited in operator visibility should have

an audible automatic signal to indicate that they
are moving in a reverse tram mode. (Chapter III, 40)

Develop Safe Braking System. All personnel vehicles
should have a failsafe braking system that auto-
matically activates in the event of a power failure
to the piece of equipment. (Chapter III, 39)

Develop Section Status Display. A status display
system should be developed to provide a more effec-
tive means for foremen to communicate the status of
a Section to alternate shift foremen. (Chapter I1IIT,
41, 42)

Develop Guide for Equipment Selection. The USBM
should develop a handbook which would guide operators
in the selection of equipment. Such a guide would
demonstrate how to properly match the various oper-
ating components on the section. Particular atten-
tion should be placed to the continuous miner/shuttle
car interface and the shuttle car/discharge inter-
face. Also, attention should be given to the advan-
tages and disadvantages of full-~face and two pass
equipment, particularly in retreat mining. (Chapter
VI, 34)

(2) Roof Control

The following recommendations and findings deal with roof

control problems.

. Establish Uniform Standards for Roof Control Plans.
A more uniform approach to the approval of roof con-
trol plans by MESA is needed. Wide variations in
pillaring plans, bolting requirements, room widths,
and other factors are found, many of which can not
be attributable to local conditions. {Chapter 1V,
vi, 10)

Develop Guidebook for Roof Control Specialists. The
USBM should develop a manual and a hand calculator
to assist the MESA roof control specialist to make
on—-the-spot assessments of roof conditions in coal
mines . (Chapter VII)
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Develop Methods to Test Roof. Current methods of
testing the roof are inadequate. Research must
continue to develop means by which mine workers

can quickly and accurately assess the condition

of the roof as part of the normal routine. (Chapters
III, 24-34; Table III-9; III-12; III-16; III-19;
TII-21; and III-45).

Develop Roof Noise Analyzer. A significant problem
'is caused by the lack of a means to track the warning
sounds given by the roof of impending falls. Con-
tinued development of such monitoring devices should
be done with ultimately a requirement to have such
devices on each pillar extraction section. (Chapter
III 2-21, 22; Table III-45). ;

Establish Lapsed Time Requirements for Roof Supports.
Deterioration of the roof is an irreversible action.

Many fatal accidents had, as a mitigating cause, the

failure to provide temporary support of the roof

immediately following mining. Current legislation

does not set a specific period for the setting of i
temporary support following mining. This should be i
changed. (III 20; III 24-34; Table III-22).

Conduct Analysis of Safety of Last Line of Support.

An analysis of fatal roof falls shows the danger

area is the immediate area at or inby the last

row of bolts, yet regulations only address the

area inby the last row of bolts. Some operators

have recognized the dangers associated at the last :
"row of bolts under certain roof conditions and have ;
modified their plans to keep workers outby the :
second to last row of bolts. Additional research

is required to establish the validity of this

assertion. (III 23; III 34-36; Table III-8; III-9;

IT1-13; III-14; III-15).

Develop Informal Roof Control Plans for Unusual
Conditions. Informal roof control plans to cover
unusual conditions such as the supporting of kettle-
bottoms or slips should be adopted by mining com-
panies to standardize the treatment of such abnor-
malities. Such plans would insure that inexperienced
foremen know the specifics of how to treat unusual
conditions and adequately respond to them. (Table
III-17; III-47).

I1-7




(3) Pillaring Techniques

The following recommendations and findings relate to

mining methods and pillaring techniques.

Split and Fender Method is Safest. Analysis of
alternative plens for pillar extraction shows
the split and fender plan uvsing a continuous
miner as the optimun plan from both a safety
and an efficiency standpoint (Chapter V)

. Develop Handbook Pillar Extraction. Selection
of the proper technique to extract a pillar fendev
and utilization of the propey contilnuous miner
cutter head can mean a savings of up to 18% of
coal lost in stumps and an increase in productivity
{(Chapter VI-1). The UsS8M should prepare a hand-
book to assist the operator to make the proper
decisions in planning and in seleating equipment
for pillar extraction.

. Pillar Split Widths Are Critical to Safebty. A ma o
contributor to fatsl accidents in retreat pillar
extraction was the driving ot the prllar splits too
wide and in violation of the roof control wpian., {Tah,;
I11-4, 5, 7, 30, 31). Firm action on the ovavt ot
MESA and of management to reduce thesge violations
could significantly reduce fatal accidente.
Further, a significant number of Ffatal scoidents
investigations also cited impropey pillarviag
techniques as a contributing case, |
|
|
\
I

. Comparative Safety of Conventicnal Versvs o
Under al) conditions in retrcat wining counve
mining is shown to have twice the probabi Lyl ot
fatal accident occurring as continuous manina, (Clab,
ITI-23).

. Mining Convenrtionaliy
equipped sect 5 retry >
shale top had three times the ex ooted mumbho o o

Shalo oot ey

LT LTI LAY e

ities. IE ag it appears Cconvert ional dionble: wano
these conditions 15 inherent iy oo anie oo

plans should be guirably modifacs oy convan Ton.
equipment should not e vsoed dn oabves, gn gy o T
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. Develop a Means for Mining Diamond Shaped Pillars.
The USBM should determine a means of efficiently
recovering diamond shaped pillars which are in-
herent when utilizing continuous belt equipment
(Chapter VI- 20).

Establish Experimental Pillaring Section. The
USBM should set up a test operating section to
experiment on different techniques in pillar
extraction (Chapter V).

(4) Miscellaneous- Topics

The following miscellaneous topics are presented.

. Develop Model Logistical System. The USBM should
initiate a project to develop a model logistical
system for coal mines. Such a system should track
the supply requirements for operating sections,
monitor and operate an inventory system, integrat-
ing an automatic replenishment capability with
an optional inventory level system and incorporate
a cost monitoring system (Chapter VI-31).

. Establish Guidelines for Use of Scoops. The USBM
should establish guidlines for the safe usage .
of scoops. The increased usage of this machine
could lead to an increase in scoop related
fatalities' (Chapter VI-36).

. Establish Guidelines for Remote Controlled Mining.
The USBM should establish guidelines for the
proper use of continuous miners with remote control
with particular emphasis to safety and hazards
eliminated by and associated with remote control
(Chapter VI-35),

. Improve Inspection Programs for Small Mines. Smaller
and lower seam mines have a higher than expected
number of fatal accidents in retreat mining. (Tables
I11-24, 111-25, I111-26, III-27, I1I-28, III-29).
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Improve and Standardize Foreman Training. There

is a need for a more comprehensive and standardized
program to qualify and retrain foremen. Such a
program should include the adoption of uniform
standards for foremen established and maintained

by MESA and regulated by the CMH&S Act, (Chapter
II1-19) .

Make Workmen Liable for Safety. As in the case of
foremen, workers too should be liable to criminal
action in the event they fail to follow the law
as stated in the CMH&S Act or in the event they
are 3judged negligent.

Eliminate Job Bidding. The high incidence of job
turnover as allowed by job posting or bidding

should be eliminated since inexperience is a majorxn
contributor to the high accident rate. Alterna-
tively, standardized federally regulated examinations
and experience requirements could be required for
all hazardous occupations, (Chapter III-24-25; Tahles
IIT-32; III-33; ITII-35; and III-36).

Develop Reversible Ventilation System. The USBM
should develop an efficient means of reverging the
air flow on a section. Such a system, utilized
with continuous haulage could eliminate the ex-
hausting of air from the face over the mobile
bridge operators (Chapter VI-28-31).

Sponsor I.E. Study of Optimum Hauvlage. The U5BM
should sponsor an industrial enginecering study of
haulage systems, both shuttle cars and continuous
belt and, through computer simulation determine

optimum haulage paths, change points, mining secuena

and belt moves for a variety of equipment capacities
and section counfigurations. (Chapter VIi-17-21).

Develop Breakaway Lamp Cord. The cap lamp cord
poses a serious threat to the saftety of a minor
working in the proximity of mining eguipment.
The cord should be modified providing a quick
disconnect feature, {(Chapter TI1T-17),
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IIT. ACCIDENT ANALYSIS

This section documents the types and probable
causes of more than 200 fatal accidents which
occurred in retreat mining during the period
1966 to 1973. 1In cases where sufficient data
was available, analyses of various types were
performed to investigate and identify relation-
ships and interactions related to the accidents.
The purpose was to learn where possible the
factors associated with the accident which could
help to reduce possible future underground coal
mine accidents.

1. STATISTICAL ANALYSIS TECHNIQUES

A detailed statistical analysis was completed of fatal acci-
dents which occurred in retreat mining during the period 1966~
1973. The analysis included frequency distributions of each of
90 variables and crosstabulations of a total of 930 combinations.
A detailed list of variables and their definitions is included in
Appendix A. A list of the crosstabulations analyzed is included
in Appendix B. The data base development and details of analysis
are included in Part 1 of this section. The details of the sta-
tistical results are included in Part 2. The reader is cautioned
to read Part 1-(4) entitled "Constraints of Analysis" prior to

reading the details of the analysis.

(1) Data Base Construction

The first task was the preparation of data for analysis.
The coding structure for fatal accidents was initially
developed for the Bureau of Mines under Contract S0110601.
Of the 250 variablesgprovided, 65 variables were extracted
which could be related specifically to pillar-extraction

accidents occurring in the retreat pillarina area.



An additional 25 variables were developed for this study

which were important in the analysis of pillar related

facilities. Appendix A describes all 90 variables.

Utilizing the coding structure developed in the Barry

study, all pillar related fatality reports were reviewed

for the period 1966-1973 and
25 variables. (The original
been coded for the Bureau of
related variables for pillar

period 1972-1973 were coded.

coded for the additional

65 variables had previously
Mines). Next, all 90 pillar
related fatal accidents in the

Figure I1I-1 depicts the

resulting fatal accidents entered into the computer system.
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(2) Statistical Techniques Used

Two kinds of statistical techniques are used in this
report. The first are the descriptive form of statistics,
that is, the frequency distribution, crosstabulations,
histograms and other presentation formats used to classify
and describe the fatal accident data. 1In addition, percen-
tages, sample means, ratios, and various numerical and des-
criptive comparisons are used to amplify and give meaning to

the data. The second kind of statistic used are inferential
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statistics. Inferential statistics are used to decide with
confidence if observed results are different than what was
to be expected or different from the results observed in

the other populations studied. A note of caution regarding
statistics: statistical significance should not be considered
to indicate casuality. Statistics can indicate that the
observed variables are probably related in some fashion, but
this cannot be taken to mean one factor "caused" the other.
The cause of some observed effect is usually more complex .
than the relationship of two factors, and establishing the
cause of some effect usually requires systematic research

under carefully controlled conditions.

_ Two standard statistical techniques were utilized.

These included:
. Chi-Square Evaluation and

. Spearman's Rank Correlation Coefficient
Each technique is briefly described below.

Chi-Square Test - A Brief Explanationl

2
In the ensuing analysis, the "chi-square (x )
test” is often used. This statistic measures
the compatibility of a set of frequencies with
"expected results". In a one-way table, the
expected results must be generated by the user
in some logical manner. For example, if the
same number of miners worked each of 3 production
shifts, one would expect 1/3 of the output on
each shift. Thus, if 9000 tons of coal were
produced daily, 3000 tons are expected from each
shift. In a two-way table, the expected values
are generated from the row column totals of each
table itself.

In either case, the comparisons reduce to looking
at the actual and expected frequencies of each
data cell. A x? value of 0 means exact agreement;
as the value of x? increases, it is less probable
that the events are compatible with expectation.

1 W..D;xon and Massey, Introduction to Statistical Analysis, 3rd
Edition, McGraw Hill, (N. Y. 1969), Chapter 13.
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Dependent upon the number of data cells (which
in turn generate a value called "degrees of
freedom (df)"), the statistician accepts or
rejects a generated x° value, and compatibility
of the data. To make this judgment, the statis-
tician must assign a level of probability and
read a "critical value" of y? from tables - if
the sample x2 is less than the tabular value,
compatibility is accepted; if not, compatibility
is rejected.

Spearman's Rank Correlation Coefficient - A
Brief Explanation?Z

Spearman's Rank Correlation Coefficient compares
the agreement of two sets of ranked data and is
defined by the expression:

6 Diz
rg = 1 - i=1
n{n< - 1)
where n = number of paired observations (Xi,Yi)
D; = rank (X;) - rank (Yi) = Ry - S5

If the X and Y random variables from which pairs
of observations are derived are independent, the
rg has zero mean and a variance.

When rg = 1, this indicates complete agreement
in the order of the two compared ranks.

Conversely, when rg = - 1, this indicates complete
agreement in the opposite order of the ranks.

(3) Method of Analysis

To analyze the data, one-dimensional data displays were
prepared for each variable. These displays were reviewed for
inconsistencies in the data, to identify abnormally distributed
frequencies, and to tentatively select pairs of factors that
might be inter-related for analysis using crosstabulation. Each

frequency distribution for each variable was reviewed.

Z J. D. Gibbons, Nonparametric Statistical Inference, McGraw Hill,
1971.
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Next, all meaningful pairings of variables were identi-
fied for further analysis. Computer runs would be made to
produce crosstabulations for each such pair. For instance,
fatal accidents might be examined when classified by pillar
extraction method and mining method. The crosstab would
consist of four categories: open-end - conventional, open-
end - continuous, split and fender - conventional, and split
and fender - continuous.

Crosstab run planning sheets were prepared for each
variable. These sheets displayed each selected crosstab
to be run and served both as a worksheet for the computer
runs and as an index of the completed runs. These were pre-
pared by considering each of the more than four thousand
" possible crosstab combinations, and eliminating those which

had little or no chance of resulting in useful conclusions..

Utilizing these planning sheets, computer runs were
prepared for over nine hundred separate crosstabs. Cross-
tabs were run at the lowest level of detail possible using
the coding structure of the fatal accident data base. Al-
though the detail in many categories would be inappropriate
for the sample size, it provided maximum detail and subse-

quent tests were not constrained.

Each resultant crosstab was examined to identify ab-
normal frequency distributions in any category. The need
for re-grouping of codes for the crosstabs was determined
and where required, crosstabs were rerun. Each case of
statistical significance was documented for later review.

The results of all crosstabs were reviewed, and hypo-
theses were developed for examination during the underground
field studies. Each result was carefully documented for
subsequent analysis.
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As part of the initial analysis of frequency distribu-
tions and crosstabulations, the data were reviewed to deter-
mine both which specific analysis techniques would be re-
quired, and whether the data sample would require regrouping
prior to analysis. 1In several cases, data was regrouped or
tables changed to better support the objectives of the analy-
sis. Categories, in the initial results, were regrouped if
sample sizes were insufficient for analysis or several cate-
gories were combined under a single category "other" to

provide more meaningful analysis results.

Selection of the gpecific analysis techniques depended
upon the objectives of the analysis, the type of data re-
presented, sample size and whether or not normalization data
was available to provide perspective for the results. The
specific gstatistical technigques selected and a brief des-
cription of normalization data used i1s included with each
analysis presented in this section. The following para-
graphs discuss normalization and other factors affecting

interpretation of the data base and results of the analyses.

(4) Factors Affecting the Data Base

This section describes various factors influencing the
results of the data analysis. The data analysis portion of
the study was designed to identify safety related problems
and considerations as well as to give direction to future
USBM studies and R&D efforts. These results, however, must

be weighed by the reader after considering:

. the effects of normalization, and

possible data biases.

Each of these areas 1s discussed below:
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Effects of Normalization

Normalization is necessary to provide a context
for interpreting results. The analysis of acci-
dent data must include a careful consideration

of the total underlying population from which

this data is drawn. Frequencies alone cannot
provide an adequate picture. It is normal to
expect that when the underlying population con-
sists of a high frequency in a particular classi-
fication, a specific sub-population would ordinar-
ily be expected to contain a similar percentage.
Thus, if sixty percent of pillaring is done by
conventional mining methods, then one would ex-
pect sixty percent of the accidents to occur when
using conventional mining methods. Consequently,
if seventy percent of accidents occurred when us-
ing conventional means, then conventional mining
is associated with a higher proportion of accidents
than one would expect.

Throughout the analysis, close attention was given
to requirements for normalization. Those areas
where normalization could affect the results are
noted. Some of the results which raised interest-
ing and provocative questions are presented here,
even though normalization data was not available
to complete the analysis. This is because such
results may be of sufficient importance to pro-
vide a basis for subsequent USBM R&D efforts even
though they are not high confidence findings. We
have carefully noted such cases and the reader
should recognize such results are presented for
information only. (See discussion of Normalization
Data Used in the Analysis).

Data Biases

In any data analysis one must be cautious of pos-
sible biases. There is little the analyst can do
about the biases, but it is imperative that these
biases be kept in mind to prevent erroneous con-
clusions. Among the more signficant are:

- shifting trends,

- fatal accident report preparation,
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Each of these is discussed in detail below:

coding biases,

and

low frequencies.

Shifting Trends

The data base utilized in the study covers a
period of eight years during which a number of
significant changes have occurred in under-

ground mining.

Among the more noteworthy are

the shift from conventional mining to contin-

uous mining;

the shift from open-end pillar

extraction to split and fender or pocket and

wing;

jenced workers;
Coal Mine Safety Act.

the influx of younger and more inexper-
and the impact of the 1969

As an example, conven-

tional mining methods were used in about 50%

of the underground mines in 1955,

By 1973,

only about 35% of mining was by conventional

methods.

During the same period,

the number

of mines dropped by several hundred while the
number of men employed increased by several
Table II1-1 was extracted from

thousand.
the Statistical Abstract of the United
States 1974
& Economic Statistics Administration

Social

- U.S.

Department of Commerce

Bureau of the Census and displays the changes
in the accident rates over recent years.

TABLE ITI-1

1950 1960 1965 1970 1972
Number of Injuries
Fatal 643 325 259 260 156
Non Fatal 37,264 11,902 11,138 11,552 12,330
Injury Rate Per
Million Man Hours
Fatal 0.90 1.15 1.04 1.00 0.53
Non Fatal 52.38 42.28 44.73 44,40 45.75
Accident Rate - Coal Mining
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All of these items and many more could have a
dramatic effect on the data that was analyzed.
These must be carefully considered by the
reader to prevent drawing erroneous conclu-
sions.

Fatal Accident Reports

The data base analyzed in Phase I was drawn
from the fatal accident reports prepared by
MESA inspectors and provided to JJDA in both
coded and written form at the onset of this
study. These reports were prepared, obviously,
by a number of different inspectors, each
emphasizing those factors believed to be casual,
but each prepared under different circumstances
and with certain inherent and unknown biases.

Coding Biases

The actual data base was constructed by analysts
examining fatal accident reports and then coding
the report for each of the 275 variables. This
coding process was completed by many different
people over an extended period of time. The
reports for the period 1966-1971 were coded for
250 variables in the year 1972. The reports for
the period 1972-1973 were coded for all variables
in the year 1974, along with the coding of an
additional 25 variables for the original set of
reports. Consequently, errors in interpretations
of variables, ambiguous terms, individual know-
ledge, and fatigue factors all could lead to
inadvertant coding biases.

Low Frequencies

Sometimes low frequencies were found either from
lack of accident occurrences or from missing data.
Thus, the analyst could either draw no conclusions
or had to make conclusions as based upon extremely
small sample sizes. Also the laws of chance can
cause the analyst to draw erroneous conclusions.
This is an important constraint whenever the
analyst deals with small sample sizes. These
results were reported for information only. In
other cases, conclusions will be investigated
further during subsequent USBM R&D programs.
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(5) Normalized Data Used in the Analysis

As previously discussed, the use of normalized data
ig essgsential in relating the findings of accident studies
to an appropriate non-accident environment and population.
From a humanitarian standpoint accident rates, no matter
how low, are of little interest to families of miners killed
in roof fall accidents. However, if we are to study the
circumstances of past fatal roof fall accidents and usefully
apply what we learn to the prevention of future roof fall
fatalities, we must determine the specific details of each
accident and relate such details both to the details of
other gimilar accidents and to all other situations where
accidents have not occurred (i.e. the population of coal
mines and miners). In effect, we must learn what is safe

as well as what is not safe. To do this, the study group

analyzed the records of more than 200 fatal accidents which
occurred in pillar mining during the retreat phase of under-
ground mining from 1966 to 1973. But before these accidents
analyses can become more than "interesting statistics", a
large amount of information concerning non-accidents must

be obtained and related to the accident analysis results.
This process is called normalization. The types of infor-
mation needed for normalization include the number of mines
doing retreat mining, the number of mines doing conventional
versus continuous mining, the number of miners employed, the
number of miners in each job classification, accident
experience for the general industrial context and so on.

In short, information is required which will place in per-
spective accident study findings and/or permit pinpointing
problem areas. These problem areas in turn, will serve as
guidelines for subsequent research and development aimed at

reducing or preventing fatal accidents and injuries.




The study groups' efforts to obtain all the necessary
normalization information in the appropriate format turned
out to be an unrealistic task. Non-accident exposure times
were not available. Coal industry summary information was
not broken out by retreat mining. Some information was not
sorted by conventional versus continuous mining. More than
one method of mining was used by some mines, and some infor-
mation was considered not releasable ky the potential donors.
Furthermore, when normalization data was obtained, there was
no known method of assessing the extent of ambiguities in
categorizations or other possible sources of bias in the data.
Therefore, such problems and constraints should be considered
when interpreting the normalized results. Specific con-
straints are identified with the various analysis results.

By usual standards, the uses of normalization data in this
report must be considered crude. However, it is believed
that the normalization data available provides an adequate
context for interpreting and applying the results of this

study.

Several types of normalization were obtained for the
analysis. The following briefly lists the various major

sources:

. MESA Respirable Dust File, a computer data base
containing job classifications of miners sampled
industry wide. This data was obtained through
the MESA Coal Mine Health and Safety Office.

The period covered by these data was 1971-1974
(1971-1973 was used). ’

. Keystone Coal Industry Manuals 1970-1974, McGraw
Hill Publishing Company. A sample of mines listed
was compiled including numbers of men employed and
tons produced by seam height class intervals. (The
sampling procedure used every fourth mine listed).

. Fatality Analysis, Data Base Development, Theodore
Barry and Assoclates, USBM S0110601, Mod. 2. (The
original fatalities data base).
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Industrial Engineering Study of the Hazards Asso-
ciated with Underground Coal Mine Production,
Theodore Barry and Associates, PB-207-227, 1971.
(Estimated hazardous exposure times for various
job classifications).

National Safety Council, Work Injuries in Pennsyl-
vania, 1969, (Accidents by hours worked at the time
of injury).

. Bituminous Coal Facts, 1972, National Coal Associa-
tion. (Work output per man and accident rate his-
torical data).

The Miner, His Job and His Environment: A Review
and Bibliography of Selected Recent Research on
Human Performance, Charles Fried, et. al., PB-211-
732, August, 1972.

Accident Prediction Investigation Study (Pittsburgh
Seam Study). Theodore Barry and Associates, 1966-
1971.

Injury Rates by Industry, 1970, Bureau of Labor
Statistics; U.S. Dept. of Labor, BLS Report 406.

. Miscellaneous Issues of Coal Age, U.S. Dept. of
Commerce, and coal industry publications.

Two items of normalization were used extensively in this
report; the Keystone Annual "Tons Produced" and "Number of
Men Employed" sample, and the MESA Respirable Dust File Data.
Table II1I-2 presents the results of the randomized sample
(every fourth page of state-by-state mine listing) of the
1974 Keystone. In order to compare normalization data
based upon "Annual Tons" and "Number of Men Employed", a Chi
Square Evaluation was run (see previous discussion for explana-
tion of this test). The Chi Square test indicated that
there was a statistically significant difference between the
two distributions. This means that lower seam mines employed
a greater percentage of the total miners to produce their

2
proportion of the annual production (i.e., ¥y = 19.29, df = 6).
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Respirable Dust File data was used primarily for job
classification normalization. Appendix F contains the Dust \
< File listings received from the MESA Health and Safety Ana-

” lysis Center (HSAC). In addition, Table III-2 provides a
limited time frame comparison of the total numbers of miners
engaged in the two mining methods and phases of interest in

~ this study. It can be seen that a gradudl shift away from

' pillar mining using conventional methods has occurred even
during the time frame of the Dust File data presented. We
also know that during ‘the beginning of the time frame of

w interest in this study (i.e., 1966), conventional mining

k methods were used in about 50% of underground bituminous
mining. Also of interest in part 2 of this table is the
declining percentage of men employed during the retreat mining

~ phase. It is believed that this may be more related to in-

creased numbers of mines doing advanced mining.

Table III-2

Mining Method

Year Total Miners Continuous Conventional
1971 49500 . 57.0% 43.0%
1972 52493 59.7% 40.3%
1973 48583 64.6% 35.4%
1974 50004 67.9% 32.1%

'Mining Phase

Year Total Miners Development Retreat
5 1971 51563 73.5% 26.5%
1972 54638 78.1% 21.9%
1973 50462 77.8% 22.2%
1974 50807 79.5% 20.5%

Historical Production by Mining Method and Phase
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These data were used as the population data base for
normalizing various accident findings in this study. However,
since these data were not available for the entire eight year
period of interest in the study (1966-1973), the data for
1971 was taken to be the single year most representative of

the entire period.

It should be noted that the HSAC data system which pro-
vided these data was unable to sort the data in such a way
as to permit determination of how many miners doing retreat
mining were using continuous versus conventional methods.
Since this is an important piece of normalization data, an
estimate was formulated. This estimate was based upon miner
classifications which are uniquely used in conventional mining
such as cutting machine operators, coal drill operators and
shotfirers. By comparing the total numbers of miners in these
three job clasgifications doing both development and retreat
mining, it was estimated that between 14.7 and 18.5 percent
of miners doing retreat mining in 1971 use conventional methods.
(See Table ITI-23) By 1973 the percentage had dropped to
between 7.8% and 12.6%. Admittedly there may be problems with
such estimates, but in the absence of better estimates, they
permit a reasonable approximation of the distribution of con-

ventional retreat mining.

A final note should be made concerning the above normal-
ization criterion for fatal accidents. Perhaps it is tradi-
tional in the coal industry to think in terms of some "accept-
able" number of fatal accidents per thousand tons of coal
produced. This should not be considered a heartless approach
concerned only with production. Most coal industry people
intuitively relate the large investment, the large amount of
eguipment and supplies and the large number of miners exposed
to the risks of accidents during underground mining to the
task of removing coal from the ground. Thus, stated or un-

stated, their concern is for minimizing the risks to the entire
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underground mining system. For these reasons, the study group
has used both annual tons output and exposure rates of miners
in underground mining and expects the reader to use his own
judgment and rationale in selecting the "most representative"
normalization criterion. (See Table III-3)

Table III-3

Seam Height Annual Employment Annual Tons Produced
Inches

Number of Men Percent Tons Percent
0-36 1474 6.4 4355 4.6
37-48 5369 23.4 18963 20.1
49-60 4555 19.9 20814 22.0
61-72 4999 21.8 24195 25.6
73-84 1164 5.1 5071 5.4
85-96 2663 11.6 10860 11.5
97+ 2678 11.7 10297 10.9

Example Use of Normalization - On the basis of the number of
men working in the 0-36" seam height class interval of mines
(i.e., 6.4%), one would expect, everything else being equal,
that 6.4% of fatal accidents would occur in such mines.

Hence 6.4% of 219 fatal accidents is 14. However, if the
actual number of fatal accidents in such mines was 20 (or 9%)
then we can say that the observed number was higher than we
would expect, normalized on the basis of exposure of men
working in these mines. Normalization of this type is used
extensively in the results of this study.

Number of Men Employed in the Mine
As An Approximation of Exposure

(6) Description of Analyses

Frequency distributions and cross tabulations were
prepared on nearly every possible and logical combination
of variables in the study. These frequency distributions

and cross tabulations were run in order to identify possible
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trends and findings. Many provided useful results to
pinpoint safety problems and are presented in subsequent
gsections. However, many frequency distributions and
cross tabulations were eliminated as not satisfying the
purposes of this study. Among the reasons for elimina-

ting these data were the following:

inadequate sample size precluded analysis,

coding errors or ambiguities were present, and

. preliminary analysis or statistical tests indi-
cated no difference and results were inconse-
quential.

In some cases even where no differences were found,
analyses were presented in this report under the following
circumstances:

differences were initially thought to exist,

. findings were thought to be of general interest
to the industry, or

objective and comprehensive reporting was desired.

The next section summarizes the major findings and

recommendations of the study.

SUMMARY OF STATISTICAL RESULTS

The following findings and recommendations are organized to

assist readers with differing interests to use these results.

For example, for use by mine operators, findings and recommenda-
tions related to mine planning, foreman control and self-enforcement
of safety requlations were identified. For various USBM and MESA
readers, findings related to the needs and potential payoffs of
current and possible future research and development programs as
well as those pertaining to health and safety regulations were

highlighted. The sequence of presentation starts with findings
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related to mine parameters and methods and concludes with find-

ings related to personnel and human factors.

On the whole, the fatal accident record of the segment of
the coal industry considered in this investigation is reasonably
good considering that the work is underground in a wide variety
of geological environments. Being underground means that miners
are subject to not only "normal" industrial risks (e.g., vehicle
collision, electrical shock, and machinery accidents), but to
roof and rib falls and other defects as well. Review of the
data and field study results indicates that most operators and
miners are concerned with safety and adhere to both health and

safety regulations and good industry practices.

On the other hand, a significant number of fatal accidents
occur as a result of careless or negligent actions on the part
of coal operators, foremen, and/or miners. Other accidents occur
because there is insufficient information available to foremen
and roof bolters which will indicate the structural nature of
the immediate roof as a guide to their decisions regarding
specific roof control measures to be used. Additional research
and development is needed for devices which can provide more
than is currently detectable visually or acoustically. Specific
discussion of the necessary technology is beyond the scope of
this investigation, however, what is needed is a device provid-
ing continuous monitoring of the local roof situation in each

section.

Another problem of insufficient information is clearly within
the scope of this study. Indeed, it is one of the purposes of
this study. This problem can be stated as follows. It is likely
that operators, foremen, and miners engage in "unsafe practices"
because they have insufficient convincing evidence of the risks
and consequences of such practices on both their individual safety

and productivity. The coal industry is more than 100 years old
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and has evolved largely on the basis of intuitive and empirical
assessments of safety and productivity practices. In such
circumstances, the occurrence of an accident would probably be
viewed as a rare or random event by individual mine operators

and miners rather than as specific evidence that some current
practice is less safe than another alternative means of accom-
plishing the job. It is likely that miners view underground
accidents in much the same way as many people view highway
accidents, as simply random eventg unrelated to their own driv-
ing habits or skills. This is because, in most cases, individ-
uals are not privy to analysis of causes and interactions asso-
ciated with the accident situation. Thus, what is needed is
information which will clearly point out both the increased

risks and the conseqgquences to the individual when he or his
people engage in unsafe work practices. This information should
addressg specifics of safety and productivity errors and practices
being used by mine operators, foremen, and miners. Subsequent
discussions highlight the findings of both the analysis of fatal
accident data and field surveys. It should be noted that these
findings combine both "raw'" and analyzed results. Raw statis-
tical results were sometimes used because adequate normalization i
data could not be acquired by the study group to place in per- |
spective all study findings. Tor example, where statistical ,4;
results indicated that a poor mining practice may be related to i
an increased accident rate, it was not possible to determine how

many mines industry wide employ this practice using a field survey

of only 25 mines. On the other hand, the field survey indicated
that some poor practices were nolt rare events. For some analyses
hypothetical normalization examples were formulated to indicate
the possible impact of certain findings. As previously indicated,
field surveys and statistical results indicated that most mine
operators and miners follow both federal and state regulations

and good safety practices. Thus, it is likely that only a few

mines and miners engage in poor practices or commit safety-related
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errors. If this is true, the actual risk is greatly understated

in the data. As an example, if half the fatal accidents 'in a
category are the result of some poor practice engaged by only
10% of miners, then the actual risk of a fatal accident would

be nine times greater for those using that practice.

The following are brief summaries of findings from review
of about 225 accident reports organized by subject area. Single
thread sketches of functionally related findings have been pre-
pared on mine operators/supervisors, mine foremen, mine workers,
and their training. These single thread sketches are a loose
form of correlation for raw results because people are generally
consistant in their behavior. If a man engages in unsafe or
shoddy practices in one aspect, it is likely he will do the same
in other aspects. No attempt is made to establish blame or
responsibility, only to report the findings presented by cate-
gories believed to be useful influencing decision-making regard-

ing safety practices.

(1) Mine Owners/Operators

Statistical data indicates that a non-trivial number
of mine operators knowingly or inadvertently increase the

risk of fatal roof fall accidents in several ways. They:
failed to insure adequate training of foremen,

. did not provide and/or enforce policy regarding
adequate qualifications for machine operators

and substitute mining equipment operators, and

. failed to provide adequate self enforcement of
mine safety regulations and good work practices.

As indicated in subsequent discussions and analyses,
these types of policy and management failures are indirectly

reflected in the probable causes of numerous fatal accidents.
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(2) Mine PForemen and Superintendents

Statistical results have indicated that section foremen
and/or superintendents for any of several possible, but

unknown, reasons:

did not adequately test the roof in 118 cases
(V305) and were not precluded from proper roof -
testing by top coal (V306);*

failed to provide temporary roof support when it
was judged later that such supports could have
helped in 129 cases (V319):

permitted roof to remain unsupported from 1-19
hours (V312), permitted or failed to prevent
unnecessary exposure of miners under unsupported
roof for extended periods. Ninety-three percent
of fatalities in this category occurred within
six hours after the place was mined out (V312 vs
v1id44);

directed or permitted mining of pillars not in
compliance with approved mining plans (V323 vs
v1id4y

permitted abnormal roof pressures from improper
support, overburden, and insufficient support
from adjacent pillars and/or gob area in 105
cases (V325);

directed or permitted overcutting of adjacent
pillars (V320);

permitted or failed to prevent use of improper
work procedures in 219 cases (V120, also V66,
V67, V68, and V69);

permitted or failed to prevent improper operation
of equipment in 53 cases (V135) and miners work-

ing exposed under inadequately supported roof in
158 cases (V144):

failed to sense and/or recognize critical signs
of bad roof conditions (V129):

did not issue proper instructions in 162 cases
(Ve8) ;

* V306 refers to variable number 306 in the analysis and
crosstabulations. §
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. did not act to prevent accident in 219 cases
(V35);

. failed to react appropriately to unusual situa-
tions (V39, V53, Vv144, V192, and V194).

From reading raw fatal accident reports and from review
of accident analysis results, it is believed that a nontri-
vial number of foremen and supervisors do not handle well
the unusual, unscheduled or unforeseen events in mining.
When it is considered that such events occupy only a small .
fraction of their total time (i.e., responses normalized
by percent of time spent in such events), the impact of
this deficiency on risk of accident is even more pronounced
than indicated by the data. Such events ordinarily require
immediate and effective adjustment of actions and resources
to minimize the impact on productivity and safety. 1In
general, effective response to such events requires that

the foreman must do the following:

. sense or perceive the true nature of the problem,
assess the impact on current operations and safety,
determine and assess alternative means and re-
sources required for solving the problem consider-

ing both safety and productivity tradeoffs, and

. select and implement an optimum (or at least
adequate) solution.

The requirements of such decision-making are beyond scope of
this effort but should be the subjecttof further study.

(3) Mine Workers

Statistical data indicates that workers knowingly and
unknowingly or inadvertently exposed themselves to increased

accident dangers when they:
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exercised poor judgment in his course of action
in 112 caseg (V58);%*

ignored warning given by others in 200 cases (V60);

ignored warning given by mine environment in 181
cases (Vb6l). This may be a result of stimulus
saturation (i.e., too many and too frequent indi-
cations of such events), noise masking, or perhaps
bravado (i.e., reluctance to indicate fear to
fellow workers);

failed to take action to prevent accident in 219
cases (V35);

. ignored or delay response to roof "working" in
101 fatal accidents (V307);

engaged in improper work procedures in 219 situa-
tions (V120), inattention to job, improper oper-
ation of equipment and operated from unsafe
position,

. worked under unsupported roof unnecessarily in
158 cases (vV144);

attempted to save equipment in 6% of fatal acci-
dents (V308).%%

had tacit approval of supervisors (V66 and V67)
concerning unsafe actions; and

did not understand roof control plans in 117
cases (V309);

Only 10% of voof fall fatalities did not involve some
poor practice or procedure (e.g., unsupported roof, roof
support not in compliance with approved plans, and roof left
unsupported for more than two hours). Ninety percent of
fatalities in the sample were associated with such errors on
the part of both foremen and miners. Unsupported roof is

600 to 1000 times greater risk (see page III-23).

* Interestingly, raw results indicated that certain jobs
such as recovering eqguipment, cleaning up fall, testing
roof, etc. were safer than so called "routine jobs".
However, if such jobs could be normalized by a fraction
of the time in which they are conducted, this finding
would probably be reversed (V53);

*¥% This may have been in "poor" mines where livelihood depended
on individual pieces of equipment, but this cannot be
confirmed.




(4) Training

Training considerations appear to reflect a paradox in
the fatal accident data.

. Training was indirectly considered insufficient
by the following references in accident reports.

- seventeen reports considered training
insufficient. (V310) !

- improper work procedures were cited as the
accident cause (V120), and

- victim exercised poor judgment. (V58)
. However,
- only two fatal accident reports (V196) cited

lack of training as the primary personal
factor contributing to accident, and

- 124 reports (V310) considered training
sufficient. :

- only 10 mines reported formal training, only
7 reported regular on-the-job training.

. Therefore,

- training may not be considered necessary to
specific mining tasks by the accident inves-
tigating committees. The exception is super-
visor training which was directly and indirectly
considered inadequate in numerous reports.

Few reports cited specific training programs given. The
most common notation of training provided was a "combination

of programs" (V17)

(5) MESA Regulations:

Some of the findings of this study have a possible impact

on current mine safety regulations.

. Fifty percent of fatal roof falls occurred at or
inby the permanent line of support. This finding
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was a result of a crosstabulation between "Clasgi-
fication of Accident Type" (V029) and "Failure
Nature"” (V146). This crosstab indicated that
roof failures at or inby the last line of support
are most prevalent failures of permanent and temp-

orary supported roof. However, when it is considered

that less than 1% of a section's immediate area
would not be supported by permanent roof supports
at any given time {e.g., assuming 7 entries and

5 crosscuts back with pillars on 70' centers and
20" rooms) the resgsults are even more important.

In addition, less than 16% of the section's total
man-minutes per shift (from previous and current
studies), would be exposed under roof not supported
by permanent supports. When these two normalizing
factors are considered, the risk of fatal roof fall
accident is at least 600 times greater at or inby

the permanent line of roof support than elsewhere in

the section’s area. In addition, this greatly
increased risk is understated if the total area of
permanently supported roof in an entire mine is
considered. In a large mine, the total area of
supported roof would be many times greater than
the voof area of one section's immediate work area.

The longwall and shortwall mining systems appear

to be inherently more tolerant of inexperience
related or careless evrors by foremen and miners.
This is probably due to the continuous powered

roof supports used by each. Conventional mining

ig probably the least tolerant. This mining method
by design requires greater hazardous exposure by
miners (e.g., loading under unsupported roof).

. If the best use 1s to be made of the above findings,
the mogst important findings of this study should be
compiled in a concise handbook readily usable by
operators, foremen, and miners actually in a situa-
tion where such information could be used to influ-
ence day-to-day decision making in mines industry-
wide.

(6) Mine and Job Attrition

Accident data and field studies indicate a rather
high turnover among underground job classifications.
Lack of experience in the underground mine environment
appears to be related to increased risk of fatal acci-

dents and injury. Similarily, inexperience on a specific
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job appears to substantially increase the risk of

accidents.

Job inexperience may result from several

possible causes:

normal job attrition,
job posting and bidding,

expansion of mines (i.e., greater manpower
needs),

less than adequate job training or cross-
training,

less than adequate immediate supervision,
absenteeism (hence job substitution), and

variability in the level of mine employment.

Accident data (non-normalized) indicates that job errors

were cited as the cause of many accidents. (See Tables

I1I-46, III-36, III-33). Job errors may result from:

inexperience,
poorly designed equipment and controls,

poorly designed procedures and support
equipment,

equipment and procedure designs intolerant
of minor operator errors,

insufficient information and coordination,
and

boredom and inattention.

The current method of job posting and bidding appears

to encourage job turnover.

Nationally, the average annual turnover of job

classifications (based on Respirable Dust File data
portrayed in Appendix F), is about 28% with a range
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of 13% to 46%. Not surprisingly, the turnover is highest
for helper jobs (which probably implies a less than one
year on-the-job training cycle). Remarkably, hand loaders
had the lowest turnover (i.e., 13.4%) which may only imply
that the few mines still using hand loading do not offer

many advancement possibilities.

Tt should be noted that the "observed" turnover in
job classifications in the Dust File data is partly ac-
counted for by variability in the number of miners employ-
ed per year and by gradual shifts in the proportions of
continuous and conventional mining. The effect of these
considerations is to reduce the observed job turnover
estimates by 10% to 12%, since these are factors over
which individual miners have little control. As an
example, continuous miner operator turnover in 1973 was
28.2% of the category. When the increased number of CM
operators from 1972 to 1973 was considered, the effective
turnover wag 19.9%. This means that while job posting
and job preference factors caused some Jjob turnover and
job inexperience problems, industry employment problems
and technology-method changes also are major contributers

to the job turnover.

Interestingly, all Longwall miner classifications
(taken together) had a substantially higher apparent
turnover than the national average (i.e., 37%). However,
when the increased number of mines using Longwall method
is considered, most of the observed turnover is accounted
for by this single factor. Hence, actual job turnover is

relatively low for Longwall mining.

An attempt was made to interpret the job classifi-
cation versus mine experience fatal accident data (V042
vs V046). However, the only mine experience population
data available for non-accident miners was from a limited

context, the Pittsburgh Seam studies by Theodore Barry
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Associates. On the basis of those data, a sharp decline
in accident rate was observed during the 1 to 4.9 years-of-
mine-experience class interval, but the 5 to 9.9 and 10
to 25 years-of-mine-experience intervals increased. These
results are considered incomplete and may not be represen-

tative of industry-wide experience.

The continuous miner (CM) operator's job (V042) had
the maximum fatal accident frequency and was 16.44% of
the total. (See Table III-33). This finding was con-
sistent throughout variables associated with mining method,
accident method and work cycle (V91l1l, Vv931l, and V039).
However, when the raw frequency of CM accidents is normal-
ized by the number df continuous miner operators working
in retreat mining, (based upon 1971 Respirable Dust File
Data), the frequency of CM accidents is only slightly
higher than would be expected, based upon their proportion
of the population. Table III-34 (Analysis of V042) defines
that relationship as the risk factor (i.e., the accident
frequency divided by the expected accidents based on pop-
ulation). For CM operators the risk factor is 1.18, or
18% higher than the expected value. Thus, their job is
somewhat more dangerous than their proportion of the

retreat mining population would suggest.

On the other hand, loading machine operators, second
ranked in frequency of accidents, had nearly two and one-
half times the number of fatalities than would be expected.
In the same category, hand loaders, although today their
numbers are small, have the highest risk factor, 3.11. 1In
other words, hand loaders suffer more than three times the
expected number of accidents. However, roof bolters (in
retreat mining), initially believed to be a dangerous job,
are twelfth ranked and have a risk factor of 0.6 (or
slightly more than half the expected accidents). Simi-

larly, shuttle car operators experienced only about half
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the number of accidents their proportion of the popula-

tion would suggest.

Entry level jobs such as laborer, timbermen and some
helper jobs are more dangerous than their part of the miner
population would suggest. Obviously such miners are less
experienced in avoiding accident situations, and their
inexperience probably contributes to this accident rate.
However, most helper jobs are safer than jobs of the oper-
ators for whom they work. Perhaps when canopies are in

wider use, this statistical difference may be reversed.

In an effort to explain some of the effects noted
above Table T11-35 was prepared. In this analysis, the
frequency of fatal accidents by job classification was
related to estimates of hazardous exposure. The source
of these measurements is indicated on the table. However,
it should be noted that hazardous exposure estimates should
be considered only a rough estimate of the extent to which
operators and helpers exposed themselves to unsupported
roof. In this table, estimates of hazardous exposure for
various job classifications were ranked from most to least
exposed to unsupported roof. Following this ranking pro-
cedure, a rank correlation coefficient was prepared which
indicated a significant relationship between the amount of
time spent under unsupported roof and high accident fre-
quencies, hence high risk jobs. It is believed that this
problem area represents one of several possible payoffs
for improvements in training and self-enforcement of safety
regulations and sate working practices. It also represents
a probable payoff for installation of canopies on major

face mining equipment.

In a further effort to analyze the possible causes of
high accident rates, the accident victim's job experience

was analyzed in Table III-36. This table compares the
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victim's job classification with his experience at the
mine where the accident occurred. The table suggests
no apparent pattern of accidents with mine experience,
except as previously noted. In other words, the higher
accident frequencies occur with the continuous miner
operator and loader operator and so on. Unfortunately,
the class intervals of mining experience selected make
it difficult to assess the effect of years of experience
on accident frequency. However, if it is assumed that
both experience and accident frequency are linearily
distributed among the years in each class interval, the
average number of accidents per year declines from 1.9
per year interval to 0.09 per year. Obviously, the
assumption that accidents and experience are linearily
distributed by year is not true, especially in the less
than five year experience intervals. However, it can
suggest that some declining rate of accidents per year
of experience is being observed. In other words, an
accident avoidance effect learned with years of experi-
ence appears to reduce the accident frequency in the

miner population.

When compared to other industrial conditions, the
mining environment is a comparatively hostile work place.
There are many ways in which an inexperienced man can
get into trouble. Some bad roof conditions are visually
obvious, but some situations require complex information
and subtle clues for detecting and avoiding serious
trouble. Much of this accident avoidance information
can be learned with continued experience. However, learn-
ing to avoid accidents can be a serious problem when
increasing proportions of the work force are made up of
inexperienced miners. This can occur with expansion
of existing mines and as experienced miners retire. It

can also occur as new mines are opened and compete with
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older mines for the existing work force. The effect is
a serious problem in training inexperienced miners in

the accident avoidance procedures underground. -

There ig also a problem in accident avoidance un-
related to years of experience. From the analysis of
the data in this report, it is clear that there are
accident avoidance information problems which are beyond
the physiological capabilities of men. For example, ;
correctly assessing a bad roof condition requires infor-

mation which can be seen and heard as well as experienced.

In addition, it requires information not detectable by

the human senses. To provide the information needed for
comprehensively assessing and correcting bad roof condi-

tions, new sensgors or other detection methods will be

required. One alternative meang of providing this kind

of information is a USBM program currently underway using

microseismic sensors, and a display of rock "noise"

activity versus time. There may be other sensor alter-

natives or procedural alternatives which can provide the ’
same kind of information. However, the essential element
igs the information necessary to adequately assess the
structural nature of the immediate roof, and to identify
any bad roof conditions. Obviously, if new roof detec-

tion systems become available to operating mine sections,

miners and section foremen must be trained to relate

their experience and knowledge of roof conditions to the
information provided by the detection system. Then the
combination of experienced miners and new information
provided by systems should markedly reduce serious roof

control and safety problems.

In related investigation, shift times when the acci-

dent occurred were compared. Table ITI-40 presents the
distribution of accident frequency versus hours-on-shift-at-

the-time-of~the-accident. The most prominent feature ) t
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of this table is the high frequency of accidents

which occurred both in the first hour and in the first
and second hours following the break for lunch or dinner.
These peak accident frequencies are especially interest-
ing if one considers that during the first hour and the
last hour of the shift some significant portion of the
time 1is consumed by tramming into or out of the work face
area. This means that in terms of actual exposure in the
face area the hours actually worked (hence, exposed) per
hour on shift may be low. For example, due to time spent
tramming into (or out of) the face area, the timé exposed
at the face during the first (or last) hour of the shift
may be as low as 0.5 hours exposed per shift hour. This
means that if the accident frequencies are normalized
with time actually exposed to the increased dangers in
the face area, the rate of accidents in the first hour

on shift may be as much as double the raw frequency
indicated. (See Tables III-11 and III-12).

This study primarily considered face area accidents
in pillaring, therefore, haulage accidents or other
accidents not related to the face were not a major fac-
_tor. To add perspective to these findings, a National
Safety Council study of more than 70,000 manufacturing
and non-manufacturing, non-fatal injuries in Pennsylvania
during 1969 were compared with the data in this study
in Table III-41. A Chi square evaluation was conducted
and it was determined that the distribution of hours when
fatal accidents occurred in coal mines was significantly
different from the National Safety Council results. The
accident peak during the first hour was not radically
different from NSC industrial experience. However, the
high rate of fatal accidents following lunch break in
this study appears to be the strikingly different feature

of this comparison. The cause of this difference are not
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precisely known. However, the fatal accident analysis
associated with time-the-roof-was-unsupported may pro-
vide a clue. 1In many cases, section crews simply stop
work for lunch and the roof just mined remains unsup-
ported during that period. Other possible explanations
may be an initial disorganization of the crew after
resuming work or perhaps a psychological attention lag
during the transition from a non-working to a working
state. Since casual factors cannot be determined at
thig time, an interim solution may be a MESA campaign
to increase miner awareness of this danger and improve

emphasis on safetv when beginning or resuming work.

As previously noted, inexperienced workers appear
to suffer a greater number of accidents. In Table III-43
the number of hours the victim worked prior to the acci-
dent was compared with the victim's experience at the
mine. This Table indicated that the previous findings
were consistent in that less experienced miners were
more likely to become the fatal accident victims during
the first two hours of the shift and immediately after

the lunch/dinner break.

Table TIT-45 compares the accident victim's experi-

3

ence and his job classification with the shift during
wnich the accident occurred. Only about seven percent
of mines report using a third production shift. At
these mines 15 to 17 percent of fatal accidents occurred
during that shift. The reason is probably found in the
higher percentage of inexperienced miners in the third
shift. Another possible explanation would be difficul-
ties in physiological adjustments caused by changes of
the diurnal cycle. This phenomenon has been observed in
other industrial studies for second and third shift

operations.
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An important apparent cause for many fatal accidents
involves some form of human error. Table III-47 summa-
rizes the primary unsafe acts by the victim that accident
investigating committees believe contributed to the
accident. In approximately 87 percent of accidents some
unsafe act was determined to have been related to the
accident. The higher accident frequencies were compiled
when the victim did not test the roof properly, did not
follow warnings or instructions, was unnecessarily under
unsupported roof, improperly operated equipment, or
placed himself in an unsafe position. Probably the only
solution to such problems is a continued strong emphasis
by MESA and mine operators on training and restraining
for safe work practices along with conscientious and
consistent selernforcement by mine operators of safe
and effective working procedures. In some cases mine
operators must be made aware of the payoffs for safety

and productivity when miners use safe working practices.

Miners must bekinitially trained to be aware of the
safety problems. But that is not enough. They, like
‘mine operators, must remain vigilant for the reoccurrence
of these problems over many years. An underground coal
mine is similar to other industrial circumstances in that
with appropriate attention it can be a safe work place.
However, a high degree of vigilance must be continuously
maintained to avoid;trouble which may occur. Many years
ago an expression wés coined to reflect such vigilance
requirements. The expression is "hours of boredom inter-
rupted by moments of stark terror". The routine and
boredom leads to complacency regarding safety which in
turn causes some miners to thoughtlessly engage in unsafe
practices. This same complacency tends to resist periodic

efforts by mine operators and MESA to focus on the dangers
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and vefresh the awarveness of individuals to specific

gsatety hazards. Congidevrable human factors research

remains to be done on effective ways to break through
the complacency barvier many miners place between

themnselves and efforts to heighten awareness of safety

problems. One possible mechanism for increasing the
awareness of miners to such problems may be a "Zinger's

book". This handbook would be a brief compilation

Hand
of the findings regarding fatal accidents from this and
related studies. Such a handbook would be most effective
if published in a small, easily readable form, using a
presentation format designed to improve reader interest

in the factual matevial presented (e.g., drawings, car-
toons and caricatures). Such a handhook could be widely
distributed among miners, perhaps at union meetings, with
pay envelopes, or at routine waiting locations going on

or off the work shift. Such a handbook might also include
gsafety "Zingers” developed in other research and training
programs, such as the training programs by MESA. Wide
distribution of such a handbook, along with increased
emphasis on both formal and informal training, is believed
to be one solution for reducing fatalities associated with

underground coal mining.

(7}  Roof Control ag Related to Safety

Nearly half of the 81 fatal roof falls which occurred
in the face area wevre at the last line of permanent support
(Cross tab V124 vs V146). The high frequency of such
failures has caused some mining companies, on their own
initiative, to rule that miners should not advance closer
than one row of bolts behind the support line. Also signi-
ficant is that more than 25% of failures occurred above

the bolt anchor line (horizon). It i1s believed that these



two findings provide ample evidence that miners have
insufficient information to assess the true nature of
the roof. Furthermore, few approved rbof control plans
provide systematic provisions. for controlling bad roof
conditinns. Usually selecting the specific supplemental
roof control provisions is left to the judgment and

experience of individual foremen.

This means that variations in experience and judgment
of section foremen and roof bolters can be expected to
result in differing abilities to effectively deal with
various roof problems encountered in each operating section.
It is believed necessary that MESA review both regulations
and enforcement objectives concerning advancing to the
sﬁpport line as well as test bolt procedures to assess
quality of anchors. In the interim period, training of
foremen and roof bolters concerning rock mechanics prin-
ciples may be helpful in reducing the effects of this
problem. It is also believed that USBM Research and
Development should vigorously continue to develop roof
sensors to provide essential roof information for face

crews.

Some mine foremen and operators are permitting roofs
to remain unsupported longer than either necessary or
permitted by MESA regulations. (Cross tab V-124 vs V-312)
Such unsupported roof is related to 65 fatal accidents.

It was not possible to determine how many mines permit

such poor practice. The field sample indicated no instance
of this practice. However, even if few operators permit
such poor practice in their mines, those few offending mine
crews and mine operators are subjecting themselves to an
inordinately high risk of accidents. The following hypo-
thetical example illustrates the effect believed to be
operable. (See Figure III-2),.
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Hypothetical Examnple on Unsupported Roof
Figure 1112

Ag illustrated in Pigure 111~2, as fewer operators allow
the roof to remain unbolted for any length of time, the net
risk of dncurring a fatal accident in areas where the roof
vemaing unbolted increases sharply as the length of time the
roof is unbolted increases (see line A). It is believed that
the inevitable

“he ammediate voof ig drreversable, i.e., that eventiual bolting

detervioration which occurs in the strength of

does not achieve the level of strength obtainable with imme-

liate bolting; it is not only dangerous but may be futile to

to obtain adequate roof support after extended periods
Cood mining practice and safety regulations should be

in training and rigidly self-enforced by all mine

L

There can be no guestion that coal mining is one of the most
hazavdous industrial envivonments in the United States today.
Miners work with large, cumbersome equipment in restricted areas

tions of poor visibility and high noise. These

under condi
conditions alone represent a serious hazard, but added to them
are hazards of roof and rib falls, making efforts to achieve
a safe work place, a continuous "uphill fight". Furthermore,
during retreat mining, coal is extracted in such a way as to

systematically induce roof falls, adding to the dangers.
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A comment from one mine foreman interviewed as he described
his most hazardous mine is most interesting. This mine had an
extremely bad roof, yet it had the safest record of any of his
operations. He attributed this to the fact that his men never |
trusted the roof. "Because they always feared it, they never
forgot it". This is often true in retreat mining. Many men
recognize the hazards of the work and they exercise the proper
caution in the completion of their assignments. Unfortunately,

there are exceptions.

In the course of the underground Visits, several unsafe
acts were observed. This was not unexpected, nor is it meant
to be critical, but such incidents are indicative of the hazards
encountered day by day in mining. Some of the hazardous acts
observed should not have occurred. Foremen, as leaders, should
provide good examples of safe practices. On one occasion, the
foreman, in showing the study team around the section, walked
out into the gob area to point out where a piece of equipment
had been caught in a roof fall a few days before the visit. He
walked approximately 30 feet into the mined out area to the
approximate location of the previous fall. Later, as the team
returned to that location, a major roof fall occurred in the gob
area where he had been standing. The foreman's rationalization
for his unsafe act was that he knew and understood the roof and
that it was not working at the time he had exposed himself. On
a second occasion, the same foreman, while observing the section
extract a pillar using the pocket and wing method, walked around
to the back side of the pillar and entered the pocket through the
gob side of the breakthrough, much to the amazement of his crew. |
Another foreman was observed walking some 40 feet out into a o ‘
mined out area to recover posts which had been left in place.
These three acts of carelessness could each have cost the man his
life. Each was a display of bravado or at best thoughtlessness.
Each was unnecessary. These essentially random events illustrate
the need to continually emphasize to workers and foremen the
hazards of their work place and the need for constant vigilance.
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setting of temporary supports is one of the more hazard-

Workers must go under unsupported roof

set the timbers or jacks. This task must be com-

i

it can be completed in a safe manner. In a number

of instances, workers were observed throwing timbers into or

7

lacent Lo an unsupported avea,

then needlessly working under

ted rool to measure, cut, and set timbers. Obviously,

vt of this task could be completed safely by working

One piece of eguipment now in great demand is the twin-boom

!

roof bolter. With the current union contract requiring that two

nen

it any hazardous face avea, the use of a twin boom bolter

in some applications. However,

or less, only three roof bolts

ired for the span. In such confined areas, use of the

twin boom bolter in difficult, both in terms of work and sharing
operations within limited clearance. A worker between the booms
could be crushed bhetween the two booms. An operator outside the

booms muet work in close proximity to the rib and is vulnerable

The work space requirements for this type of equip-

ment must be thorvoughly analyzed. Consideration should be given
bo vestricting its nge to those aveas where sufficient space for

railable.

garfe overation L8

On another occasion during field observations, a continuous
miner developed a malfunction which required corrective mainte-
nance. Checkout and rvepair required that the cutting head be

raised approximately two feet off the ground. The mechanic, upon

arriving at the scene, set the head in the proper position

o

and set a safety switch to prevent the head from being accidently

dropped. A gecond man assisting the mechanic was equally con-

cerned about the possibility of the head being dropped so he, too,
t e

set the safety switch, unaware that he had, in fact, returned the

: L

switch to its original position. The result was that the




head could have inadvertently been dropped on the mechanic. Such
safety switches should be redesigned. A key locking device or
highly visable and unambiguous flag which could not be inadvert-
ently reset are possible solutions to this problem.

Electrically powered mantrip jeeps or buses occasionally are
subject to loss of power when the trolley arm bounces off the
trolley wire. This, in itself, creates a hazard because the
trolley arm bounces against the roof causing debris to break off
and fall. In most cases, the operator reaches up and pulls the
trolley arm back on the piece of equipment while the vehicle is
moving. In doing this, the operator risks injury from roof
support beams and overhangs, and is working in an unstable
position. Normally, when the trolley arm comes off, the operator
slows the vehicle using a hand brake. Occasionally, due to
malfunction, the brake system on the rail car becomes inoperative.
On several occasions, field study team members observed mantrip
rail cars being operated without proper £raking systems. On one
such occasion, a car with defective brakes was being driven out
of the mine with the intention of using motor reverse in lieu of
the brake system. While going down a fairly steep grade, the
trolléy arm bounced off the trolley wire. Without power for re-
versing the motor to stop the vehicle, the car was entirely with-
out brakes or lights while going downgrade. Obviously, adequate
maintenance would prevent this problem. However, it is believed
that there is also a need for fail-safe brakes on mantrip vehicles
which would automatically operate brakes to bring the car to a
stop in the event of a power failure. An override could be provided
on the system to allow towing of the vehicle to a maintenance area.

Maintenance of equipment in a mine is routinely performed
under difficult conditions. A continuous miner may malfunction
at the face under unsupported roof or shuttle cars may fail when
heavily loaded with coal. Mechanics must repair these malfunc-
tions quickly and safely. On one occasion, the field study team
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tram motor on a shuttle car. The

[OSRR TR AU N [
GOSNV LTY S Was

the cary was fully loaded. The car
had been jacked up and cribbed for additional support while the
motor was veplaced., The wheel had been removed and the new tram
motor was installed. As the motor was secured, the mechanic sat

wilth both legs vnder the shuttle car frame and between the

shing blocks supporting the car. From that unsafe position,
he tightened the bolits securing the tram motor risking a serious
accident.  The wmotor could have been installed in a manner which
would not have exposed the mechanic to such hazards. Such an

ident again emphasizes the possible hazards associated with

cach individual's work place and the need to be vigilant for
satety problems at atll times,
mine equipment increasingly being used for face

articulated shuttle car. In this unit the payload

unit is permanently coupled uvsing an articulated drawbar connect-
ed to the trailer. fn operation, the shuttle car is backed to
turned and then backed to the discharge point.

>sign configuration and the position of the

igibility behind the unit is virtually impos-

sible. Consequently, the operator establishes and uses a guidance

track for backing into position. He may use roof bolts or tire
tracks, chalk marks on the roof, or other indirect guidance
devices. In cases where the equipment is powered by diesels, the
torgue converior power train noise does not vary sufficiently

“ -

during movement (vis a vis idling) to provide an indirect audible
gignal to nearby miners that the equipment is moving. As empha-
zized before, the operator cannot see the path of the vehicle.
Such vehicles constitute a serious safety hazard to miners who

o

may cross or uge the path of the vehicle. Such equipment should

be eguipped with backup warning devices clearly audible to other

miners. The warning signal must be easily discernable from the
noise background and must be given in sufficient time (e.g., 3-5
seconds) to permit miners to clear the path prior to any movement

of the vehicle.
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During the course of a work shift, section members cover most
of the section area. Each miner observes hazardous situations in
the performance of his job. If the hazards warrant it, the are
pointed out to the foreman or others. However, under the best of
conditions, communications are inadequate within section crews.
Communiéations between sections and shifts are even worse. Thus,
hazards observed by one miner or section may not be transmitted
to others. A systematic method is needed to readily mark danger
areas that he observes. The markers must be highly visable and
perhaps be in two stages (e.g., a "caution" and a "Stop" marker).
One possibility would be fluorescent coated tags attached to a
roof bolt in the immediate vicinity. Alternatively, use of fluor-
escent paint spray on roof or walls in an area considered poten-
tially hazardous might be feasible. Such a system would serve to

warn all others of possible or known hazards to safety.

Cap lamps aie universally utilized by miners underground.
The lamp is attached to the hardhat and a cable runs to the batter9
pack carried on the belt. Many miners route the cable in such a
way that it runs under the arm and over the shoulder keeping it in o
close contact with the body. Others permit the cable to hang
loosely from the hardhat where it could be snagged by passing
equipment or other obstructions. If this occurs, the cord has
sufficientvstrength to pull a man into operating equipment or
other hazards. This piece of equipment could be re-~designed to
provide a feature which would quickly disconnect the cord if caught,

but would resist unwanted disconnections.

During the normal shift, the foreman must continuously main-
tain a knowledge of the status of each function and manage all
major activities of his section's mining assignment. With poor
verbal communications and visibility, determining the status of
each function requires that he continuously circulate through the
section checking on job activity problems and the status of sup-

porting activities and supplies. It is believed necessary that
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o foramnan be given csome type of simple, effective and
Iy : fetus digpiay systemn to assist him in organizing and
menscing section activities, including contingency actions.

coman e otelus digplay gystem should provide for real

time or near veal time uvpdating of the status of section

e S < environmental conditions. Alternatives
e e d e g o concept could range from simple mechan-
i e vie digplays to electronic systems. Avail-

i

weh o syatem could greatly decrease the variability

ety and ob performance among section foremen for routine,
ntingency . and ensrgency procedures and activities.

The foreman’ s job ds the most difficult job on a section.

with his crew underground, but

other administrative demands
be at the mine for several hours per week beyond

buring the ghift change, foremen have only

Prensmilt gtatus anformation on problems or

i

vad during the previous shift to the foreman of the

5

Availability of the foreman status display

1

above would also improve the exchange of status infor-

P

mation beltween foremen working different shifts in the same

Bridge conveyvor systems of fer numnerous productivity benefits
when properiy utilized. However, they have limited maneuver-
ity in the Tlimited space of the mining environment. Because
of maneuvering problems, bridge equipment operators must work
very close to the yibs The operating pogition on the bridge
sarvier provideg no protection to the operator. In fact, an
improper mancuver could easily cause the operator to be pinned
against the yibg. Some gystems provide controls on each side
of the carviev to permit the operator to select the control
position least exposed. Unfortunately, during operation,

many operators will not take the time to climb over the bridge




to operate the unit from a safer position. Some situations

would require the operator to move his control position several
times during a place change. This equipment should be analyzed
to determine ways of reducing the hazardous exposure of the
operator. In addition, during advance mining, the bridge con-
veyor's position behind the continuous miner causes return air
from the face to pass over the bridge carrier operator. In most
cases, this return air is extremely dusty. A system or technique
is needed to exhaust return air, utilizing tubing or other
devices to eliminate this dust problem for bridge carrier

operators,

Mining equipment, in general, is poorly designed from a
human factors standpoint. Control and display arrangements are
poorly positioned, lighting is poor and visibility may be very
limited on some equipment. Operation of many types of equipment
requires considerable training and some have little tolerance
for operator error or misjudgment. Complete discussion of this
subject is beyond the scope of this study. However, some general

comments are believed necessary.

Mining equipment should be designed with more consideration
for the environmental conditions in which operators must operate
the equipment. (i.e., limited visibility, noise, dust, vibration,
etc.) Near future and future underground equipment should be

designed to:

minimize operator training (for regular and substitute
operators),

. increase visibility (and general illumination of work
areas),

increase maneuverability in narrow clearance areas
(both to decrease the risk of damage to the machine
and to reduce safety risks),

. increase the tolerance for expected operator errors, and

. increase operator comfort and safety (including such
considerations as remote control and canopies).
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such homan tactors design criteria were included in new mining

cguipment, amprovements could be expected in effectiveness, safety,

S

ACCIDENT ANALYSIS

accident data was reviewed to determine its appli-

cability oy unse in the satety analyveis of rvetreat mining.

Criteria warn established to determine its applicability. It was

o vepreo of the sane period (1966-1973) as
ih al data bhase,

vbalize the same coding structure as the fatal base,

~als in retreat mining only,

sorvited to extract

by which severity could be determined.

1ratives established that all of these

The nonfatal accident data base was

tata was not available for the entire
period of this study. Nonfatal accidents were not investigated
Fhoroughly in this situdy, since the coding structure was not
sufificiently detailed and did not always directly correspond to

the fatal data base. The structuve would allow the data base to

ctreat mining only and did have a means of deter-

ity. This data base was not computerized for most

convenient access.  Thug, it was determined that the benefits of

-

tel analysis did not ocutweigh the costs to analyze the

volume of data. 1t would be beneficial, however, for HSAC

reprasentatives to follow up rvecommendations of the fatal acci-
dent data study with analysis of similar nonfatal data over the
poeriod 1972-1975.0  This could serve to support the conclusions

of thig study and establish new areas for research.




5. STATISTICAL ANALYSIS RESULTS

The following tables present the results of frequency distri-
butions, analyses, and crosstabulations of mine conditions, mining
methods, and work force variables. It should be noted that these
results may appear to be duplications of data. This is because
the analyses systematically compared each variable with numerous
other variables in an effort to detect meaningful relationships
and interactions in the data base. Frequently, more than one |
cross tabulation of roughly similar data is presented to insure ‘
~that different standpoints and audiences are objectively repre-

sented.

(1) Mine Conditions

Tables and results in the immediately following section
relate to:
. Roof Control Plans
- Approval Effects

- Regulations and Compliance

Assessment of Local Conditions,
. Victim's Exposure, and

. Work Cycle.
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Table III-4

PREQUENCY DISTRIBUTION
of

wimum Width of Pillar Split - (in feet)

¢ o DESCRIPTION

NS Greater than Plan

STATTSTICALLY SIGNIFICANT: n/a

Vvaia ol variaple V303 has shown that over seventy percent

the split of the pillar exceeded that spec-
split widths arve a function of the charac-

b, ; ~overburden pressures, and the geam heights.

Lo Bection. ) Although the Coal Mine Health and Safety

{ thin distence chould not exceed 20 feet (75.200-11 c)and

ahonid be approved (75.201-1 a ), the above statistics

fhe actual distance of pillar splits indicate a high

ey of Lons of the pillay gplit width or permitted deviations
neddental with fTatal acoidents

itcient for either normali-

Le sirze wag ingul

enforcement efforts regarding violation of

openings. ‘There is a payoff in reduction

CMHE&S Laws. Specific emphasis should be placed
additional support when there are violations.

rease self enforcement of regulations by




Table III-5

CROSSTABULATION
of
VO3l - Mining Method in Effect at Accident Site or Section
vs

V303 - Maximum Width of Pillar Split

Mining Method
~
g
: ]
! s}
g e
: :
Pl;}ér Split 8 8
Widths £ % £ 5
Less than or Equal to Plan 10 29.41 15 34.09
Greater than Plan 24 70.59 29 65.91
STATISTICS: none STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: none possible

COMMENTS: In the time frame of this study the percentage of conventional

mining has decreased from about 50% of underground mining in 1966 to about

35% in 1973. The percentage of mines using conventional methods is approximately
44%. 'This is about what would be expected if there were no difference

between accidents resulting from violations using conventional vs continuous
mining methods.

CONSTRAINTS: This table is presented primarily for information only as no
normalization was possible.

PROBABIE CAUSES: See above.

RECOMMENDATIONS: Increase enforcement and self-enforcement (as previously
noted.)




Tahle III~-6

CROSSTABULATION
of
mifect at Accident Site or Section
Vs
Victim's Exposure Nature

Mining Method

Continuous

P
]

)
]

29.73
12.16

4,05
12.16

-]

w
(]
O
el
N

0.00
28. 38
9.46
4.05

[os]
o
W
o
)

Llance 9 16. 36

o)
[ o]
wlw = o lo jwlo v

tol insupported 21 42,00 31 43,66
24,00 12 16.90
17 34,00 28 39.44

e}

STATISTICALLY SIGNIFICANT: n/a

vabhle Dust

' } RETS o of wnderground face area miners employed in con-

vt ional oo continuous methods has changed during the 1966 to 1973 period.
L ¥ ©oa 50 -~ 50 gplit at the beginning of this period, con-

sed to about 35% of the number of miners employed.

congidered exposure of miners to accident risks. If the

oi conventional mining for the period is about 40 to 41%,

A1 to 42% of the fatal accidents occurring under all roof

attributable to conventional mining. Thus, a difference

nining method cannot be shown.
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CONSTRAINTS: Data available for MESA Respirable Dust File for years 1971 to
1973 could provide only a rough normalization (see text).

PROBABLE CAUSES:

RECOMMENDATIONS: none




Table ITI-7

CROLSTABULATION

ot
v Uiliay Block Mined From Multiple Directions
toamt
Y v

[NICS: o o] M g

§one 18 88 o 82 |o 38

b0 NI Z 9 2 69

0w 0 o o Y]

APV £ = B = no=

b4 (=
X ! Lol ¢ SO M ——

i % f % f % £ %
wnary 3 75.00 | 4 25,00 |24 30.00 |2 50.00
CEEBAYY 0 0.00 11 6.25 |9 11.25 |1 25.00
Wl G e 0 0.00 13 18.75 115 18.75 {1 25.00
0 Compliance |1 25.00 1 4 25.00 9 11.25 |0 0.00
L v ooy 0 0.0010 0.00 14 5.00 |0 0.00
0 0,00 13 18.75 {15 18.75 |0 0.00
{0 0.00 10 0.00 {1 1.25 10 0.00
i 0 0.00 ] 6.25 3 3.75 0 0.00

SISHTE STATISTICALLY SIGNIFICANT: n/a

ol Taral acoidents occurrved when the pillar block was mined
h improper mining. 77% of fatalities
from multiple divections and proper mining methods
considered a foreman and/or supervisory error.

Cwore associated with

nethod for checking the accuracy of assessments of

st hod.

the effects of improper mining methods
this report). MESA and mine operators should
£ proper and safe mining methods.

usbM ahould investigate

ntfovcement o




Table III-8

CROSS TABULATION :
| of
V124 - Type of Fall
vs

V146 - Failure Nature if Permanent or Temporary Support

Type Fall

q

0

-

Ii]

0

o

— — 0

— 4 N

o ) o] o

fu O fr 2

@ =

) W oA

Failure § ﬁ § ﬁ

Nature £ % £ %
Self supporting 0 0.00 1 5.00
Above the anchor ' 21 25.93 3 15 .00
At the anchor 3 3.70 0 0.00
Below the anchor 4 4.94 1 5.00
Spalling 2 2.47 2 10 .00
At or inby the support line 40 49. 38 11 55 .00
Over permanent support 3 3.70 2 10 .00
Over temporary support 6 7.41 0 © 0.00
Between wood 2 2.47 0 0.00 ]

STATISTIC: None STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: None possible

COMMENTS: The large percentage of roof falls at or inby the support line is an -~
important finding. The high frequency of such failures have caused some

mining companies, on their own initiative, to rule that miners should not

advance closer than one row of bolts behind the support line. Also sig-

nificant is the large number of failures above the bolt anchor line (hori-

zon). It is believed that these two findings provide ample evidence that

miners have insufficient information to assess the true nature of the roof.

CONSTRAINTS: Two types of falls are summarized in this cross tabulation.
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PROBABLE CAUSES: Insufficient information is available to assess the strength ' =~
and characteristics of the immediate roof. Few approved roof control plans. -
provide systematic provisions for controlling bad roof conditions. Usually, . . o
selecting the specific supplemental roof control provisions is left to indivi-
dual foremen. . : :

RECOMMENDATIONS: MESA should review regulations and enforcement concerning
advancing to the support line and testing bolts to assess quality of anchors.
USBM Research and Development should vigorously continue to develop roof SERTR
sensors or other techniques to provide essential roof strength and flaw infor-- e
mation for face crews. ' ' :

F
#




Table III-9

CROSSTABULATION
of
V079 -~ Nature of Accident
. vs
V146 - Failure Nature if Permanent or Temporary Support

Nature of Accid.

B O oud

iRy

S 4

A 3
>N
U m
Failure Nature f %
Self Supporting 1 .78
Above the Anchor Point 26 20.16
At the Anchor Point 3 2.33
Below the Anchor Point 7 5.43
Spalling 5 3.88
At or inby the Support Line 64 49.61
Over Permanent Support 9 6.98
Over Temporary Support 9 6.98
Between Wood 5 3.88
STATISTIC: None STATISTICAL SIGNIFICANT: N/A

NORMALIZATION: None Possible

COMMENTS: The important findings in this table concern the large number
of failures at or inby the support line and above the anchor point on'permanently
supported roof.

CONSTRAINTS: It is believed that these findings reflect the inability of
foremen, bolters, etc. to adequately assess the true nature of roof conditions.
In effect, they cannot obtain sufficient information with current technology
to decide what roof support is necessary.

PROBABLE CAUSES: There was insufficient information to assess roof and in-
complete application of current state-of-the-art in rock mechanics.

RECOMMENDATIONS: USBM should give current research programs to develop roof
sensor and/or roof assessment systems and procedures additional emphasis and
priority. As an example, if systematic core sampling was done as development
progresses, a strata map could be prepared which may be useful as assessment
and prediction of roof conditions. MESA should reconsider (at least temporarily)
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up to the last line of support.
congidered safe roof.

Perhaps




Table III-10

FREQUENCY DISTRIBUTION
of
V124 - Type of Fall

£ % Type of Fall
106 48.40 Roof Face/Retreat Area
25 11.40 Roof Intersection Area
14 6.40° Roof - Other
74 33.80 All Others
§2§2§§2§g; none STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: Calculated roof areas
in typical section

COMMENTS: There were more than four times the number of roof fall fatalities
which occurred in the face area than in the next most dangerous area--
intersections. In a typical section, there is at least 5 times the roof

area above intersections than above face areas. Thus, the risk is about

20 times greater at the face than in intersections. There is about 3 times
more roof area in rooms and crosscuts than in intersections. Thus, there

is more than 5 times the risk of roof fall in intersections than in other
areas (not considering exposure time). ;

CONSTRAINTS: none ]
PROBABLE CAUSES: Insufficient information to assess true roof conditions and

poor mine safety practices (in some cases) in allowing the roof to remain
unsupported too long {(see discussion. elsewhere).

RECOMMENDATIONS: MESA shouid point out the differences in risks and the
reasons for the differences {discussed elsewhere). In addition, the USBM
should continue research into reasons for differences and continue develop-
ment of roof sensors and detection systems perhaps for these specific areas.




Table III-11

CROSETABUIATION

et at Accident Site or Section
ve
liate Roof Composition

Mining Method
|
o "
9 3
5 2
g 7
g §
54 @) (W)
{ % £ %
28 54,90 17 25,37 i
bale 3 5.88 13 19.40 a ;,fhf
8 15.69 5 7.46 ST
1 1.96 10 14.93 .
5 9,80 5 7.46
1 1,96 15 22,39 ,
Shatle 5 9.80 2 2,99 o
R

STATISTICALLY SIGNIFICANT: n/a

ailable

feature of these findings is the differences R
minated shale conditions for conventional
ences probably must be attributed to basic
od.  For example, it is possible that shock
blasting may morve adversely affect laminated
Similarly the lavge percentage of fatalities
ead coal is left at the roof may be a result

£y e

: “ther investigate these problems to identify
»f any differences in safety inherent in each

11d investigate the high incidence of fatal
ventional mining under a laminated shale roof.




Table III-12

CROSSTABULATION
of
V126 - Immediate Roof Composition
vs
V129 - If Applicable the Type of Bad Roof Condition Present
That Contributed to the Accident

Type Bad Roof Condition
0

s § 0

) o

n D o]

o) MO -
I 0 0 ) 0 ™
1} (] [=} [} 3 0
w Q o 0} 0 03 0 o
) 0 P 0 ~ Y N o 40 v
>N o o n P [ [3) WO > 2
@ A | A o [T S - 0O o ~ «
- 0 ~ O & — [o R =1 M © ]
(SIS n M mooM O n A ) AT (o)

Inmediate
Roof f f £ f f £ £ £
Fireclay 0 0 0 1 0 0 0 )
Laminated Shale 1 8 1 6 1 1 3 0
Fractured Shale 0 4 1 1 1 0 0 0
Drawrock 0 0 0 0 0 0 0 0
Bonecoal 2 2 0 1 1 0 0 0
Sandstone 0 3 0 0 0 0 0 1
Sandstone/Shale 0 1 1 0 0 2 1 0
Coal (head coal) 2 2 0 1 1 0 1 0
STATISTIC: None STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: None possible

COMMENTS: This crosstabulation, while not statistically analyzed, may point up
an information problem. As discussed elsewhere, it is believed that miners have
insufficient information to assess the true nature of the roof. It appears from
this chart that the nature of laminated shale in the immediate roof increases
the problems of identifying slips, faults, and cracks in the roof. This would
make the use of roof sensors even more important in such roof conditions. (also
see page III-30).

CONSTRAINTS: none

PROBABLE CAUSES: Insufficient information.

RECOMMENDATIONS: USBM should continue development and application of roof
sensor and/or roof assessment systems.




CROSSTABULATION
of
V126 - Immediate Roof Composition
Vs :
V146 - Failure Nature if Permanent or Temporary Support

Failure Nature
e 4
4+ o] o]
1 Q jon
-
g “ g 3 5 5 3
= Q = [oN 4] 142} o
o] = 0 — =] = 0]
=i 0 o = wn . . =]
< = < © =1 joR} =] 1]
L or, > M = O +
G>J o % w Q0 (9] [)] [ o)
g 2 3 CE: " 3 2 g
2 3 - 8 3 3
_ , g 8
Immediate Roof |f 3 | f | £ % f s |[f & % | f % £ % £ | £ %
Laminated Shale 11 42.000 0.00{ 1 16.67|( 0 0.00 {23 38.00 | 3 42.86| 4 57.14| 3 100.00| 45 39.00
Fractured Shale 2 8.0000 0.00f 2 33.33{0 0.00 11 18.00 | 1 14.29f 1 14.29( O 0.00f 17 15.00
Drawrock 3 12.0000 0.00]1 16.67}12 50.00 | 6 10.00 | 1 14.29}| O 0.00| © 0.004 13 11.00
Bonecoal 2 8.0000 0.00{ 0 ©0.00j1 25.00 | 6 10.00 | 1 14.29] 1 14.29| O 0.00{ 11 9.00
Sandstone 2 8.0000 0.00]1 16.67|0 0.00 | 5 8.00]| O 0.00] 1 14.29] o0 0.00] 9 8.00
Sandstone & Shale 1 4.00l1 s50.00/ 0 ©0.00f1 25.00 | 3 5.00] 1 1l4.29] O 0.001 0 0.00] 7 6.00
Coal (Hard Coal) 5 19.00f1 50.00} 1 16.67} 0 0.00 } 6 10.00 } © 0.00F O 0.001 © 0.00} 13 11.00
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Table III-14

CROSSTABULATION
of
V124 - Type of Fall
vs

V126 - Immediate Roof Composition

Type Fall

o

o

B

— - )

~— - 0

[1] [0} 1] [0}

g “

Immediate § z § © é

Roof £ o g £ H g

Fire clay 2 2.11 0 0.00
Laminated shale 37 38.95 8 36.36
Fractured shale 11 11.58 2 9.09
Drawrock 11 11.58 2 9.09
Bone coal 6 6.32 3 13.64
Sandstone 6 6.32 3 13.64
Shale & Sandstone 7 7.37 2 9.09
Coal (head coal) 15 15.79 2 9.09

STATISTIC: None STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: None possible

COMMENTS: A review of this table indicates, as expected, that problems with
laminated shale are not limited to the face area. Not surprising, perhaps,

is that sandstone roof, thought by many to be a safe roof, is substantially

safer than several others in these results.

CONSTRAINTS: This table is presented for information since no normalization
data was available.

PROBABLE CAUSES: Insufficient information to assess roof conditions {(as
previously discussed).

RECOMMENDATIONS: See previous recommendations.




Table III-14

' CROSSTABULATION
of

V124 - Type of Fall
vs

V126 - Immediate Roof Composition

Type Fall

o

5)

L]

~— — o

— ~ 0

o] [0] (] Q

i 0 & )

d PN

Immediate % R % « it

Roof £ & ﬁ % £ 2 ﬁ %
Fire clay 2 2.11 0 0.00
Laminated shale 37 38.95 8 36.36
Fractured shale 11 11.58 2 9.09
Drawrock 11 11.58 2 9.09
Bone coal 6 6.32 3 13.64
Sandstone 6 6.32 3 13.64
Shale & Sandstone 7 7.37 2 9.09
Coal (head coal) ‘ 15 15.79 2 9.09
STATISTIC: None ) . STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: None possible

COMMENTS: A review of this table indicates, as expected, that problems with
laminated shale are not limited to the face area. Not surprising, perhaps,

is that sandstone roof, thought by many to be a safe roof, is substantially

safer than several others in these results.

CONSTRAINTS: This table is presented for information since no normalization
data was available.

PROBABLE CAUSES: Insufficient information to assess roof conditions (as
previously discussed).

RECOMMENDATIONS: See previous recommendations.




Table I1I1I1I-16

CROSSTABULATION
of
V079 -~ Nature of Accident
vs
V146 - Failure Nature if Permanent or Temporary Support

Nature of Accid.

g g ud

A D 0

NERN e ]

00 A

-3
S oM Dy
O M
Failure Nature f %
Self Supporting 1 .78
|~ .ove the Anchor Point 26 20.16
At the Anchor Point 3 2.33
Below the Anchor Point 7 5.43
Spalling 5 3.88
At the Support Line 64 49.61
Over Permanent Support 9 6.98
Over Temporary Support 9 6.98
Between Wood 5 3.88
STATISTIC: None STATISTICAL SIGNTFICANT: N/A

NORMALIZATION: None Possible

COMMENTS: The important findings in this table concern the large number
of failures at or inby the support line and above the anchor point on
"permanently" supported roof.

CONSTRAINTS: It is ielieved that these findings reflect the inability of

foremen, bolters, :tc. to adequately assess the true nature of ro - conditions.

In effect, they cannot obtain sufficient information with current technology
to decide what roof support is necessary.

PROBABLE CAUSES: There was insufficient information to assess roof and in-
complete application of current state-of-the-art in rock mechanics.

RECOMMENDATIONS: USBM should give current research programs to develop roof
sensor and/or roof assessment systems and procedures additional emphasis and
priority. As an example, if systematic core sampling was done as development
progresses, a strata map could be prepared which may be useful as assessment

and prediction of roof conditions. MESA should reconsider (at least temporarily)




Table Lll-1b5

CROSSTABULATION
of
V124 - Type of Fall
Vs

V129 - Type of Bad Roof Condition Present

Type Fall

— i 8

0 s D

I 0] m 13

$Y 0 + 0

W © o Y4 o

0 fx 9] H

0 o) Q

[ 24 g

Bad Roof H

Condition £ % £ %
Clay vein 4 10.26 0 0.00
Slips or Faults 14 35.90 1 11.11 k
Horsebacks 1 2.56 3 33.33
Cracks 8 20.51 0 0.00
Slickensides 3 7.69 1 11.11
Roof changes 2 5.13 1 11.11
Previous fall 3 7.69 0 0.00
Drawrock 4 10. 26 3 33.33
STATISTIC: None STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: None possible

COMMENTS: This is another aspect of the problems of insufficient information
to assess the true condition of the roof. Some slips or faults can be
difficult to detect under the environmental lighting conditions underground.

CONSTRAINTS: No normalization was possible on this, but refer to the
discussion elsewhere in this report on Rock Mechanics and the strengths of
roof with example defects.

PROBABLE CAUSES: Insufficient information to assess the roof, difficulties in
detecting some types of conditions, and lack of systematic provisions in roof
control plans for controlling various bad conditions encountered (see page III-30).

RECOMMENDATIONS: See previous discussions.
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the regulations permitting mining up to the last line of support. Perhaps the
second row of bolts should be considered safe roof. (See discussion of Rock
Mechanics, Chapter VII). Another example of a current research program which |
should be given increased emphasis is the USBM project entitled Development of ' ;
Technology for Design and Evaluation of Roof Control Plans being conducted at

Spokane.



Table III-17

CROSSTABULATION

of

V129 - If Applicable the Type of Bad Roof Condition Present
That Contributed to the Accident

vs

V214 - Type of Permanent Support Used

Type of Permanent Support Used
0
FEE
g 2 4
o Hle |58 E ol
4 ; 8 T
3 518 5|8 318 8 ﬂg.ﬂféﬂ
TRl Bl ele old 8 818 8
Type of m O|lm U A /& m « a 2 Ay m M,
Bad Roof Condition £ £ £ £ £ P £
Clay Vein 0 0 1 1 1 0 0
Slip & Fault 0 3 3 0 4 1 2
Other/Combination 1 0 5 2 0 0 0
Horsebacks & Kettlebottoms 1 0 0 0 0 1 0
Cracks 2 0 4 1 0 0 0]
Slickensides 0 0 1 0 1 0 0
Roof Changes 1 0 0 1 o 0 0
Previous Fall 1 0] 1 0 0 1 0
Draw Rock 0 0 0 0 2 0 0

STATISTIC: none

NORMALIZATION: none possible

STATISTICALLY SIGNIFICANT: n/a

COMMENTS: As noted, no statistical testing was possible on this table. However,
perhaps what is most interesting are the combinations of bad roof condition and
type support used where no fatal accidents have occurred. It is possible that
this indicates a quasi effectiveness in controlling bad conditions. Furthermore,
bad roof features easily detectable and correctable with supplemental permanent
supports do not appear to result in fatalities. On the other hand slips and
faults and cracks do not appehr to be reliably correctable. It is also possible
that the true nature of the roof condition cannot reliably be determined as a
guide to selection and installation of effective supplemental roof support.

CONSTRAINTS: Sample sizes were insufficient for statistical tests

PROBABLE CAUSES: There is no systematic method for correcting such conditions

in approved roof control plans.

RECOMMENDATIONS: USBM expand this type of investigation to consider non-

fatal accidents and unintentional roof falls in an effort to determine the most
effective roof support for various bad roof conditions as well as improved
systems to detect poor roof conditions.




Table 1171-18

FREQUENCY DISTRIBUTION
of

V144 - Victim's Exposure Nature

£ % DESCRIPTION

49 31.01 Under unsupported unnecessarily (e.g., under unsup-
ported roof to mine out a coal stump in retreat mining.)

31 19.62 Under permanent support in compliance with roof con-
trol plan.
22 13.92 Within temporary support not set in compliance to

plan (too few posts).

18 11.39 nder permanent support which did not comply with roof
control plan.

17 10.76 Under unsupported necessarily (set temporary support
test roof).

11 6.96 Under support in minimal compliance with plan but not
adjusted for faulty conditions present.

6 3.80 Within temporary support set in compliance with plan.

4 2.53 In act of setting temporary support -- not fully
protected yet.

STATISTIC: none STATISTICALLY SIGNIFICANT: N/A

NORMALIZATION: none possible

COMMENTS: These findings reaffirm well known empirical knowledge regarding
the dangers of venturing under unsupported roof. This problem points up a
major advantage of remote control mining equipment. Only about 23% of roof
fall fatalities occurred where there was not some type of procedural error
on the part of the victim. '

CONSTRAINTS: Normalization was not possible for this analysis. However,
previous estimates of hazardous exposure are used in later analysis of this

section.

PROBABLE CAUSES: Poor tfaining and poor enforcement of safe working procedure.

RECOMMENDATIONS: MESA continue to inform miners of the extent of risks for
such procedural errors. USBM continue development and support of remote
control continuous miners, loaders, and roof bolters as well as methods of
setting temporary supports and gas testing safely.




Table 111-19

CROSSTABULATION
of
V124 - Type of Fall
vs

V144 - Victim's Exposure Nature

Type of Fall
~
g g
N
4y f
o)
&
Victim's Exposure Nature £ %
31 30.69
Unsupported Unsupported Unnecessary
Unsupported Necessary 11 10.89
Temporary in Compliance 4 3.96
Temporary Temporary Not in.Cbmpliance 17 16.83
Setting Temporary 2 1.98
i i 2 19.80
Permanent Permanent in Compliance 0
Permanent Not in Compliance 11 10.89
No Adjacent Support 5 4.95
Total Unsupported 42 43.75
Total Temporary 23 23.96
Total Permanent 31 32.29
STATISTIC: none STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: none possible

COMMENTS: The relatively large percentage of fatal accidents occurring under
permanent supported roof installed in compliance with MESA approved plans
again point up the need for roof sensors. Without sensors (e.g., microseismic)
or some other means, roof bolters and foremen have incomplete information

to assess actual roof conditions. It should also be noted that accidents
occurring under unsupported roof unnecessarily and setting temporary supports
not in compliance are two areas of considerable potential for reduction of
fatalities by changes in regqulations or procedure or by better enforcement of
current regulations.

CONSTRAINTS: No normalization was possible for this analysis. In addition,
other types of fall were eliminated from this analysis due to insufficient
sample size.
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PROBABLE CAUSES: Insufficient self enforcement of safe work practices by
operators and insufficient information to assess the true nature of the roof.

RECOMMENDATIONS: MESA continue enforcement as previously noted. USBM con-
tinue development of remote control equipment and safety techniques for
setting temporary supports, gas tests, etc.




Unsupported

Permanent

CROSSTABULATION
of
V031l - Mining Method in Effect at Accident Site or Section
vs
V144 - Victim's Exposure Nature

Mining Method

E g
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3
Victim's Exposure Nature

£ % £ %
uUnsupported Unnecessary 17 30.91 22 29.73
Unsupported Necessary 4 7.27 9 12.16
Temporary in Compliance 2 3.64 3 4.05
Temporary Temporary Not in Compliance 9 16. 36 9 12.16
Setting Temporary 1 1.82 0 0
Permanent in Compliance 8 14,55 21 28.38
Permanent Not in Compliance 9 16. 36 7 9.46
No Adjacent Support 5 9.09 3 4.05
‘fotal Unsupported 21 42.00 31 43,66
Total Temporary 12 24.00 12 16.90
Total Permanent 17 34.00 28 39.44
STATISTIC: none ‘ STATISTICALLY SIGNIFICANT: N/A

NORMALIZATION: MESA Respirable Dust File

COMMENTS: The percentage of underground face area miners employed in conven-
tional versus continuous methods has changed during the 1966 to 1973 period.
Starting with about a 50 - 50 split at the beginning of this period, conven-
tional mining has decreased to about 35% of the number of miners employed.
This can be roughly considered exposure of miners to accident risks. If the
"average" percentage of conventional mining for the period is about 40 to 41%,
this corresponds to 41 to 42% of the fatal accidents occurring under all roof
exposure conditions attributable to conventional mining. Thus, a difference
attributable to mining method cannot be shown.




Table III-20

CONSTRAINTS: MNormalization data from MESA Respirable Dust File is available
only for years 1971 to 1973 and the tabulations obtained could not be used
to determine actual percentages of conventional versus continuous methods
for retreat mining only. (See page III-14)

PROBABLE CAUSES:

RECOMMENDATIONS: none




CROSSTABULATION

of

V039 - During Which Work Cycle Did Accident Occur?

vs

V144~ Victim's Exposure Nature

Victim's Exposure Nature

Unsupnorted Temporary Permanent
i8]
N
@ o 0
] O [oN)
g g )
] - Q vl %]
S g ) g 3 2
: S s | :
@ E A o o S © %
Q n % o o % o] )
6] 1] — [o] - - — O - — he
Q o] o O L o O I =
z 3 5 o 5 ° b o 5 5 0
Work ] = = H = 19} = H = B =
Cycle
f % f 3 f 3 % % f % £f % f % £f % £ % £f %
Loading 9 25.7] 4 36.4{13 28.3 60.0 40.0f 0 0.0/ 11 37.9] 4 14.8] 5 33.3 21.4] 3 37.5
Undercutting 4 11.4; 0 0.0f 4 8.7 0.0 10.0| 1 25.0/ 310.3] 0 0.0 1 6.7/ 1 2.4} 1 12.5
Face Drilling| 1 2.9/ 0 0.0/ 1 2.2 0.0 10.0{ 0 0.0l 2 6.9} 1 3.71 0 0.0 1 2.4] 0 0.0
Face Shooting 2 5.7} 1 9.1 3 6.5 0.0 5.0 0 0.0y 1 3.5§ 1 3.7 4 26.7} 5 11.94 1 12.5
Bolting and
Support 13 37.1] 2 18.2{15 32.6 20.0 10.0| 2 50.0| 5 17.2} 5 18.5|] 1 6.7 6 14.3] 0 0.0
Conti i
nuous 6 17.1] 4 36.4110 21.7 20.0 25.0f 1 25.0f 7 24.1}116 59.3{ 4 26.7]20 47.6} 3 37.5

Mining
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Table III-21

STATISTIC: none STATISTICALLY SIGNIFICANT: N/A

NORMALIZATION:

COMMENTS: The fatal accidents occurring under unsupported roof while loading
and bolting probably can be attributed to improper work methods. (also see
Table III-35) Of equal interest are the fatalities under permanent roof sup-
port installed in compliance with an approved roof control plan. It is
possible that mechanical-seismic disturbances of the continuous mining
machine are associated with this problem. ’

CONSTRAINTS: Accurate normalization was not possible, however, approximations
of exposure times from the literature are discussed in Section V

PROBABLE CAUSES: Improper work methods, roof problems at the support line,
and mechanical-seismic disturbances of continuous mining machine.




Table III~-22

CROSSTABULATION
of
V124 -~ Type of Fall
vs
V312 - Length of Time Roof Unsupported (in hours & fractions)

Type Fall
=1
5]
— — -
— - 4
o oo 8 AR
S g 0
w B W e
. 0 0 Q
Time g g . g
Unsupported (=i
(Hours) f % f %
1 9 13.85 2 14.29
2 12 18.46 0 0.00
3 8 12.31 2 14.29
4 14 21.54 3 21.43
5 10 15. 38 3 21.43
6 6 9,23 2 14.29
7 6 9.23 1 7.14
-8 0 0.00 1 7.14
STATISTIC: none STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: none possible

COMMENTS: Roof falls at the face are relatively uniformly distributed over
hours unsupported. (Roof support is defined as any type of permanent or
temporary support.)

CONSTRAINTS: Normalization was not possible. However, logically, mine
sections and operators would be decreasingly likely to allow roof to be un-
supported for extended periods of time. Thus, the population at the 6-8 hour
intervals would probably be substantially less making the risk factors higher
than would be assumed by the raw frequency numbers.

PROBABLE CAUSES: Failure of mine operators to enforce strict adherence to cur-

rent MESA regulations as well as good mining practice. If as suspected, few
operators permit such poor practice, the risk of fatal accident to the

offending operator and crews may be increasing rapidly during the time the roof

is left unsupported.

RECOMMENDATIONS: MESA take a hard line on leaving roof unsupported because of
the deterioration which occurs with time, deterioration which is irreversible.




(2) Mining Methods

Frequency distributions, analyses, and crosstabulations

in the next section relate to:

. Conventional vs Continuous,
. Seam Height Factors, and

. Pillar Block Factors.

I11-46



Table III-23

ANALYSIS
of
VO1ll - Mining Method(s) Used to Produce Coal
Normalized by Annual Output

Throughout Mine

Fatals OQutput 1966 Output 1970
0 1]
4 s
0 % & 0 o 8§
] 8 o 8 :g 8 ol 5 3
ol - IS IR T R -
o ] o 4 g < o i o
) o 0 o 0 3] o 0
=} 8 o [} B | ol 0] L |
o — O HS (= 8] - g
2 s | 3 | 8 (2 30 58 |35
. v fy Y g A g4 8 = A g 8
Mining
Method
Continuous 78 53 152.8 50 1.96 187.0 55 2.40
Conventional | 70 47 152.7 50 2.18 155.4 | 45 2.22
STATISTIC: none STATISTICALLY SIGNIFICANT: n/a
NORMALIZATION: 1974 Keystone Coal Industry Manual (1973 data tons/year and

men/mine) and MESA Respirable Dust File data: number of men employed by Jjob
classification for continuous vs conventional mining and for retreat vs

advance mining.

COMMENTS: Based upon the shifting trends in mining method indicated by the
normalization data, it would be difficult to say with confidence that there
was a difference in fatal accidents due to mining method since the proportions
of fatal accidents attributable to each appears to be closely related to

both the output annual tons and the number of men employed in each mining

method.

Annual tons output in retreat mining only was not available,

CONSTRAINTS:
However, using the

hence output is for both development and retreat mining.
MESA HSAC Respirable Dust File data and Job Classifications which are uniquely

conventional (see summary below and page III-14) it was estimated that roughly

16% of retreat mining was by conventional methods in 1971 If that estimate is

reasonably accurate, then conventional mining methods were associated with more
than twice the number of fatal accidents than would be expected for 16% of the

men employed (i.e., 24 expected versus 70 actual).

Number of Miners - (Used . only in Conventional Mining)

Development and Retreat Total 1971 Retreat only 1971
Shotfire 1389 213 15.3%
Coal drill operator 1336 196 14.7%
Cutting machine operator 4453 824 18.5%




PROBABLE CAUSES:

Table III-35).

RECOMMENDATIONS :

Table III-23

May be due to greater inherent hazardous exposure (See

none



Table ITII-24

ANALYSIS
of
V006 ~ Average Thickness of Coalbed (Inches)
Fatals Output Exposure
M
5 9
g &,
@ o ~ o o ~
bl
b ) v ) Bo | % 8 i B 8
g + o + o 3 0 o o |
S8 w5 | s8] 8 |8z
Seam g 8 o 0 o' 3 ) % ~ o é
Height Y] o & g 3 8 © 8 8 & 8 5]
(Inches) P A R P i R
0-36 20 9 2953 10 .0068 1474 6.4 .014
37-48 47 22 3532 13 .0133 5369 23.4 . 009
49-60 49 22 4569 1o .0107 4555 19.9 011
61-72 37 17 4840 17 .0076 4999 21.8 .007
73-84 26 12 4356 15 .0060 1164 5.1 .022
85-96 20 2 4078 14 . 0049 2663 11.6 .008
97- 20 9 3845 14 .0052 2678 11.7 .007

Expected Fatalities
As a Function of
Average Thickness of Coalbed (Inches)
Normalized for Production Output & Exposure of Face Workers in Mine (# of Men)

g D o Qo o
Q o @ 0] ;
> 0 4 43 4

9] 3 0 3 6] [0)]

Seam g g é‘ 34 0] &
Height a M =] & M

O i £ O [ 3
(Inches)

0-36 20 22 14
37-48 47 28 51
49-60 49 35 44
61-72 37 37 48
73-84 26 33 11
85~96 20 31 25
97~ 20 31 26




Table IIT-24

STATISTIC: Chi Square Evaluation STATISTICALLY SIGNIFICANT: VYes, however,
caution should be used in interpreting
Output, X2 = 27.97 this result since the exposure data
df = 6 in the 73-84" interval may be suspect.
Exposure, X2 = 28.81
df = 6

NORMALIZATION: Output tons/man year source: 1974 Keystone Coal Industry Manual,
Number men/mine seam height interval source: Sample from 1974 Keystone Coal
Industry Manual. This is considered equal to exposure of men underground.

COMMENTS: Small seam thickness mines show a higher than expected firequency of
fatal accidents in retreat mining in terms of output and exposure of miners
in the underground environment.

CONSTRAINTS: Normalized data from 1974 only. Data base is from 1966-1973.
During this period, more small mines existed. This tends to further support
the conclusions.

Ratio of face to support personnel is different in small mines vs large mines,
i.e., there are fewer support personnel in small mines. Thus, part time
support functions would be assumed by face crews, reducing their exposure at
the face. In addition, mines with less than 48 inches seam height often

are not able to achieve full extraction of pillars in retreat due to mining
problems of maneuvering equipment to obtain full extraction. This means that
a greater proportion of the output of such mines was obtained in development
rather than retreat mining. Therefore, our conclusions are conservative.

PROBABLE CAUSE: Shoestring operations, lower capital investment; poorer
training in small mines; difficulties in movement; greater room spans; and poor
equipment.

RECOMMENDATIONS: MESA forms increased enforcement efforts on smaller (low
seam) mines and USBM pursue new technology for pillar extraction safely at
smaller seam thickness.




Table III-25

CROSSTABULATION

of
V006 - Average Thickness of Coalbed (Inches)

vs
V01l - Mining Method (s) Used to Produce Coal Throughout Mine

Mining Method
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Table 717171-25

STATISTIC: none STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: n/a

COMMENTS: Chi square analysis of these results indicated significant differences
in fatal accident frequencies between mining methods normalized by output and
miner exposure, industry wide without respect to mining method. Further analysis
using MESA Dust File data indicates, in terms of men employed, conventional mining
over the time period of the study ranged from 50% to 35% of the mining (years

1966 through 1973 respectively). Conventional mining methods were being employed
in 40% of the fatal accident occurrences. However, because appropriate normaliza-
tion data could not be obtained, these results should be viewed with caution.

CONSTRAINTS: Normalization was not possible because industry data in the Keystone
Coal Industry Manual was not desegregated by conventional versus continuous mining

nor development versus retreat mining.

PROBABLE CAUSES: n/a

RECOMMENDATIONS: None




CROSSTABULATION

of

Table 111-26

V006 - Average Thickness of Coalbed (inches)

vs

V029 - General Classification of Accident Type

Type Accident
o Q 0]
Y
87 g5 : i
Seam By N © % '3
Heicht 5 B § E
(Inches) f 0% f % f % f %
0-36. 15 9.38 1 4.76 2 15.38 1 5.26
37-48 41 25.60 1 4.76 2 15.38 2 10.53
49-60 37 23.10 6 28.57 3 23,08 2 10.53
61-72 23 14.38 2 9,52 2 15.38 7 36.84
73-84 15 9.38 4 19.05 1 7.69 6 31.58
85~96 15 9.38 2 9.52 3 23.08 0 0.00
97 - 14 8.75 5 23.81 0 0.00 1 5.26

STATISTIC: Chi Square Evaluation

NORMALIZATION:

STATISTICALLY SIGNIFICANT: Yes

COMMENTS ¢

1974 Xeystone Coal Industry Manual sample.

Mines in low seam coal (i.e., less than 5 feet) have a significantly

higher number of fatal roof fall accidents than could be accounted for by either

their proportion of either annual tonnage or number of men employed
mines.

CONSTRAINTS:

observations for Chi Square analysis and were deleted.
Roof-fall Analysis

Actual —
Fatalities Expected Fﬁtllltles
Mine
Seam Roof Fall Expected : Expected:
Height-Inches Fatalities Tonnage basis | Exposure basis
0-36 15 7.4 10.2
37-48 41 32,2 37.4
2900 L 35.2 31.8
61-72 23 40.9 24.9
73-84 15 8.6 o1
85-96 15 18.4 5.6
7 14 17.4 18.7

in such

Fatal rib face falls, machine and haulage accidents had too few




CROSSTABULATION

of

Three Work Cycle Variables

vs

Seam Height, Normalized for Output and Exposure

STATISTIC:

Loading Bolting & Support Continuous Mining Normalization
ol
9 2 B
+ w 2w £
v 0 0 O U 0
O -~ QO -A [ R
> 3 25 2 3
= g m M A
Seam
Height Actual Output |Exposure| Actual | Output Exposure | Actual |[Output Exposure] Output { Exposure
0-36 5 4.6 3.0 1 2.2 1.4 5 5.8 3.7 .10 .064 |
37-48 13 6.0 10.7 7 2.9 5.1 11 7.5 13.6 .13 .234
49-60 10 7.4 9.1 4 3.5 4.4 12 9.3 11.5 .16 .199
61~72 10 7.8 10.0 1 3.7 4.8 10 9.8 12.6 .17 .218
73-84 1 6.9 2.3 4 3.3 1.1 6 8.7 2.9 .15 .051
85-96 6.4 5.3 4 3.1 2.5 8.1 6.7 .14 .116
97 - 5 6.4 5.4 1 3.1 2.5 6 8.1 6.7 .14 .117
Chi Square Evaluation STATISTICALLY SIGNIFICANT: no

Exposure
Output

XZ

X

NORMALIZATION: n/a

2

Table of Chi Square Results

Loading

3.90
16.68 df

af =

i
IS S

- Continuous Mining

df = 6
df

= 5.17

3.94

6
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Table III-26

x? Tonnage = 24.19 daf = 6
Reject Hypothesis at significance level .99
x? Exposure = 15.27 daf = 6
Reject Hypothesis significance level .975
For the other categories Chi Square Analysis could not be performed, the

expected (E)* number of fatalities normalized for exposure of miners for
deleted types of accidents are compared below:

Other Fatal Accident Categories

Seam Rib/Face Fall Machine Haulage
Height f E* f E* f E*
0-36 1 1.3 2 0.8 1
37-48 1 4.9 2 3.0 2 4.4
| 49-60 | 6 4.2} 3 2.6 | 2 .
61-72 2 4.6 | 2 2.8 7 4.1
. 73-84 4 11 1 0.7 6 .
85-96 2 2.4 3 1.5 0 ;
97 5 2.5 | o0 1.5 | 1 2.2

Review of the normalized expected fatalities table above indicates the following:

1. Smaller mines in low seam coal appear to have fewer rib/face falls and
haulage fatalities.

2. Higher seam mines appear to have a greater number of rib/face falls
fatalities than would be expected by their exposure of miners in the mines.
Conversely, higher seam mines appear to have fewer haulage accidents.

3. Mines in the 5-7 foot seam height appear to have somewhat higher numbers
of accidents than would be expected.

PROBABLE CAUSES: Greater room spans in small mines may have an effect, as well
as poor training in small mines.

RECOMMENDATIONS: MESA should investigate the differences in lower seam height
mines and smaller mines which may account for such a finding and apply cor-
rective action in the form of a different regulation and/or increased enforcement.
MESA should review regulations to determine if differences are required to ack-
nowledge characteristic differences in mining methods, roof control, etc., as a
function of seam height.




Table III-27

COMMENTS: The individual work cycle has no apparent effect. All are equally
dangerous at various seam heights. Only loading versus output was signifi-
cantly different. However, as previously noted, this is probably due to pro-
portionately less use of conventional mining methods in high seam coal.

CONSTRAINTS: The last three seam heights were combined due to small sample
size problems.

PROBABLE CAUSES: n/a

RECOMMENDATIONS: none




CROSSTABULATION

of
V006 - Average Thickness of Coalbed (Inches)
vs

Table III-28

V039 - During Which Work Cycle Did Accident Occur?

Work Cycle
3
o o & @ i o b
: y B 2 5 8 ot g
e} QD o © —~ T g 0 ﬁ o
g T i B :l‘ B 8 3 8: 2o
Seam 3 55 By g — 3 o =
Height O e 0 8 0 8
(Inches) f % f % f % £ % £ % £ %
0-36 5 10.9 | 3 30.0 | 1 14.3 | 1 7.7 | 1 4.6 | 5 8.6
37-48 13 28.3 1 10.0 2 28.6 6 46.2 7 31.8 11 19.0
49-60 10 21.8 4 40.0 2 28.6 3 23.1 4 18.2 12 20.7
61-72 10 21.8 0 0.0 0 0.0 1 7.7 1 4.6 10 17.2
73-84 1 2.2 1 10.0 0 0.0 0 0.0 4 18.2 10.3
85-96 2 4.4 0 0.0 1 14.3 0 0.0 4 18.2 13.8
97 5 10.9 | 1 10.0 | 1 14.3 | 2 15.4 | 1 14.6 10.3

NOTE: THIS TABLE IS PRESENTED FOR INFORMATION ONLY

The categories for undercutting, face drilling, bolting, face shooting and
The loading and

support have too few observations for statistical analysis.
continuous mining category distributions are probably different for various

seam heights since more conventional equipment would be expected in low seam

heights.

However, when each fatal accident category is compared to the ex-

pected fatal accidents normalized by exposure for all types of mining, loading

in lower seam heights appears somewhat higher than expected.
tinuous mining in higher seams is somewhat higher.
ment is the fact that the proportions of conventional and continuous mining

has changed over the time period of the study.
proportions were roughly 50%: 50% with a gradual change to about 35% convention-
al to 65% continuous underground mining.
behind this trend toward continuous mining methods.

Similarly, con-
Complicating this assess-

Starting in the 1966 period the

Many small low seam mines have lagged




CROSSTABULATION
of
V006 - Average Thickness of Coalbed (Inches)
vs
V144 -~ Victim's Exposure Nature

Victim's Exposure Nature
Unsupported Temporary Permanent

g <
> I ]
; : - : -
2 9 2 o = o
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: g 5 : 5 5 5 : 5 5|3
5 2 8 3 2 & 8 S 2 & &

Seam
Height
(Inches) £ s £ s | £ % £ x| f % £ % £ s | £ s | £ % £ %

0-36 5 10 2 12 7 11 1 17 1 4 2 50 4 12 2 6 1 6 3 6 14
37-48 11 22 6 35 {17 26 1 17} 10 43 1 25 12 36 4 13 5 28 9 18 38
49-60 10 20 1 6 {11 17 3 50 7 30 1 25 11 33 8 26 5 28 13 27 35
61-72 8 16 3 18 |11 17 0 0 3 13 0] 0 3 ] 5 16 3 17 8 16 22
73~-84 6 12 3 18 t 9 14 0 0 1 4 0 0 1 3 4 13 0] o] 4 8 14
85-96 6 12 1 6 7 11 0 0] 0 0 0 0 0] 0 5 16 1 6 6 12 13
97- 3 6 | 1 6 | 4 71 1 17] 1 4 0 0 2 6 |3 9 |3 17 6 12 |12
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Table III-29

STATISTICS: Chi Square Evaluation STATISTICALLY SIGNIFICANT: See Comments

NORMALIZATION: Keystone 1974; sample productive output and number of men.

COMMENTS: A chi square test was run on each category of victim's exposure.
Expected fatalities were computed based on both output and exposure normaliza-
tion data. Only fatalities associated with temporary supports produced a sig-
nificant difference in the chi square test. Seam heights less than 60" were
associated with a greater number of fatal accidents during activities related
to temporary supports.

CONSTRAINTS: Sample size problems required combining some seam heights to
perform statistical tests.

PROBABLE CAUSES: There was less maneuverability of crew and equipment during setting
of temporary supports. There were possible seam height to width problems in small
mines. Poor procedures and enforcement of temporary support activities in lower

seam height mines existed.

RECOMMENDATIONS: MESA should investigate the differences in setting temporary
supports in lower seam mines; MESA should consider methods to improve enforce-
ment of temporary support regulations.




Table II1-30

CROSSTABULATION
: of
. V124 - Type of Fall
‘ vs

V3i3 - Pillar Lift Widths

‘ Type Fall
: [
\ 4 —t (]
e~ — gal
[} (] 4
Fry (] &9 O
Y0 <o
Yy [ (M LX) (13} n
g = s %
[£9 24 R}
[of
Pillar Lift H
Widths f % f
5-8 ft. 4 6.15 0 0.00 Probably
9-12 2 3.08 2 16.67 Within
MESA
13-16 13 20.0 2 16.67 Regulations
17-20 30 46.15 3 25.00
21-24 8 12.31 2 16.67 Probably
25-28 2 3.08 1 8.33 Exceeded
Regulations
29-32 4 6.15 1 8.33
33-36 2 3.08 1 8.33
STATISTIC: None ; STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: None possible |
COMMENTS: Nearly 25% of fatal accidents at the face and more than 40% of
fatalities at intersections occurred when pillar split widths exceeded MESA
regulations. :

CONSTRAINTS: No normalization or violations data was available.

PROBABLE CAUSES: Unknown

RECOMMENDATIONS: MESA should continue enforcement regarding pillar split widths
as well as work to gain cooperation of mine operators in improved self-enforce-
ment of regulations.




CROSSTABULATION

of

Table III- 31

V031 - Mining Method in Effect at Accident Site or Section

vs

V313 - Pillar Lift Widths

Mining Method

—

; :

- 0

& 2

o e

5 )
Pillar 8 8

Lift © ©

Widths £ % £ %
5-8 ft. 2 5.13 2 4.35
9-12 0 0.00 5 10.87
13-16 4 10.26 11 23.91
17-20 16 41.03 22 47.83
21-24 7 17.95 3 6.52
25~28 3 7.69 1 2.17
29-32 3 7.69 1 2.17
33-36 2 5.13 1 2.17
37-40 2 5.13 0 0.00

STATISTIC: None

NORMALIZATION: None possible |

STATISTICALLY SIGNIFICANT:

Probably
Within
MESA
Requlations

n/a

COMMENTS: The observation whfch may be important in this crosstab is that
43% of the fatalities occurring at the split widths exceeding regulations
were in conventional mining while only 13% were in the same category for

continuous mining. j

CONSTRAINTS: No normalizatio@ data was available.

PROBABLE CAUSES: Smaller mines still using conventional mining methods

are permitted to drive pillar %plit widths greater than 20 feet. Such
practice may result in reduced safety.
numerous small mines are not receiving enforcement attention from MESA
that larger mines receive. (Refer to Appendix E for a discussion of

rock mechanics including the effects of seam heights).

Another possibility may be more

RECOMMENDATIONS: MESA continue enforcement of mining plan provisions
as well as reconsider the advisability of permitting some low seam mines

to drive pillar splits wider than the current regulation.




(3) Work Force Variables

This final section of frequency distributions, analyses,
and crosstabulations relate to:

. - safety vs Job Classification,

. Hours Worked Prior to Accident,

. Experience Factors, and

. Foremen and Crew Errors.

IT1-47




Table III-32

FREQUENCY DISTRIBUTION

of

V042 - Job Classification of victim

, Percent R Percent
36 16.44 2012 14.7 Continuous Miner Operator
23 10.50 617 4.5 Loading Machine Operator
21 9.59 2571 18.8 Shuttle Car Operator
18 8.22 1247 9.1 Working Supervisor - Immediate
supervisor for Crew (Assistant
Section Foreman, Section Foreman)
16 7.31 1749 12.7 Roof Bolter
16 7.31 533 3.9 Timberman (Support Man, Prop Man)
14 6.39 304 2.2 Hand Loader
9 4.11 110 0.8 General Supervisor (Mine Foreman,
Superintendent, Owner)
9 4.11 538 3.9 Continuous Miner Helper,
Jacksetter
8 3.65 200 1.4 Undercutting Machine Operator
8 3.65 247 ; 1.8 General Laborer
7 3.20 213 1.6 Shot Firer
—




{

Table ITI-32

Percent Percent
Fatalities Fatalities Population* Population DESCRIPTION
4 1.83 805 5.8 Mechanic, Repairman (Excludes
Electricians)
4 1.83 139 1.0 Loading Machine Helper
3 1.37 193 1.4 Supplyman, Utility Man
, vl
2 .91 200 1.5 Undercutting Machine Helper gy
2 .91 195 1.4 Ventilation Man (Brattice Man)
1 .46 36 0.2 Rock Duster (Rockman)
1 .46 222 1.6 Electrician
1 .46 42 0.3 Fireboss
1 .46 176 1.3 Conveyor Beltman, Boomman (any
job directly associated with
conveyors at the face
1 .46 196 1.4 Face Driller
12 5.48 851 6.2 Other including Fire boss, Mainline

locomotive, brakemen, Motormen and .

mantrip operators, Track layers, etc.

f Population using 1971 Respirable Dust File Data for Retreat Mining.
1s presented for information only.

(fee the next Table III-34)

This table




ANALYSIS
of
V042 - Job Classification of Victim
Normalized for Population and Risk Factor

Retreat Mining Only
> )
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Job Classification < Population M
Continuous Miner Operator 36 19 1 2012 16.2 2 30.4 1.18 7
Loading Machine Operator 23 12 2 617 5.0 7 9.4 2.44 2
Shuttle Car Operator 21 11 3 2571 20.7 1 38.9 0.54 13
Foreman 18 10 4 1247 10.0 4 18.8 0.96 9
Timberman 16 9 5 533 4.3 9 8.1 1.97 5
Roof Bolter 16 9 6 1749 14.1 3 26.5 0.60 12
Hand Loader 14 7 7 304 2.4 10 4.5 3.11 1
Continuous Miner Helper 9 5 8 538 4.3 8 8.1 1.11
General Laborer 8 4 9 247 1.9 11 3.6 2.22 3
Cutting Machine Operator 8 4 10 824 6.6 6 12.4 0.65 11 5
Shot Firer 7 4 11 213 1.7 12 3.2 2.19 4 %
Repair Man (Mech & Elect) 5 3 12 1027 8.3 5 15.6 0.32 15 @
H
Loading Machine Helper 4 2 13 139 1.1 15 2.1 1.90 6 IIJ:
i
| Cutting Machine Helper 2 1 14 200 1.6 13 3.0 0.67 10 &
Tace Driller 1 1 15 196 1.6 14 3.0 0.33 14

Risk Factor is the ratio of Fatal Accidents to Expected Accidents for each job classification based upon the propor-
“1s of the total underground mines population in each job classification. This factor indicates how much more (or
iangerous each job is than would be expected on the basis of population alone.

' ¢ ' : ¢ 8 { B { < (




Table 1711-33

STATISTIC: Spearman Rank Correlation STATISTICALLY SIGNIFICANT: Yes
Correlation

NORMALIZATION: MESA Respirable Dust File Data 1971

COMMENTS: This table arrays the frequency of fatalities by job classification
and indicates the population in one representative year, 1971 (for which nor-
malization data was available). 1In addition, a "Risk Factor" was computed

by dividing observed accidents in each job classification by the expected acci-
dents based on the percentage each job classification was of the total under-
ground miner population in retreat mining. Rank ordering was used to relate

the standings of various job classifications. A Spearman Rank correlation
coefficient indicated good general agreement of Accident Frequency and Popula-
tion of Job Classification rankings (i.e., rg = .75, 2 = 2.81, reject HO @ .99).

Probably the most illuminating aspect of this table is the Risk Factor calculation
for each Job Classification. This factor indicates how much more (or less) risk
of a fatal accident is associated with each job. A value of 1.0 indicates that
the number of fatal accidents is about what would be expected strictly on the
basis of population of each job classification. For example, hand loaders appear
to suffer more than three times the number of fatalities. Similarly, loading
machine operators suffer nearly two and a half times the number of accidents

that their proportion of the population would suggest. Conversely, roof bolters
whose job was thought to be one of the more dangerous, actually have one of

the safer jobs. Similarly, face drillers, cutting machine operators, and their
helpers, although face occupations are among the safest job classifications.
Interestingly, helper jobs are slightly safer statistically than the machine
operators for whom they work. However, when large numbers of machines with
canopies to protect the operators are in use, we would expect to see improvements
in the safety of operator jobs, but not in the unprotected helper jobs. In addi-
tion, entry level jobs in underground mining, such as timberman, laborer, and
most helper jobs, are more dangerous than their proportion of the population
would suggest. Obviously such miners are less experienced in avoiding risks of
underground mining. Hence, their inexperience may be contributing to the in-
creased frequency of accidents in such jobs.

CONSTRAINTS: Dust File data was only available for years 1971 to 1974. Since
years 1966 to 1970 were not available, 1971 was taken to bé representative of the
entire period.

PROBABLE CAUSES: Poor work safety practices (i.e., going under unsupported roof
unnecessarily) caused accidents. Poor self enforcement of safe working regula-
tions, poor job design and equipment design which forces miners to work under
unsupported roof necessarily and poor training on safe operation of equipment and
safe work practices all contributed to higher accident frequencies.

RECOMMENDATIONS: USBM should continue to develop safety features on mining machines
such as canopies and remote controls. USBM should continue to improve safety

in job design such as methods of setting temporary supports with greatly reduced
hazardous exposure to miners. USBM and operators should continue to upgrade train-
ing of crews. '




V042 - Job Classification of Victims Normalized for Population and Hazardous Exposure

ANAT.YSIS
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Job Classification
Shuttle Car Operator 3 1 13 est 0% 14
Roof Bolter 6 3 12 21-69% 3
Repairman (Mech. & Elec.) 12 5 15 est 0% 15
Loading Machine Operator 2 7 2 5-50% 5
Foreman 4 4 9 est 0% 11
Continuous Miner Operator ] 2 7 0-21% 9
Continuous Miner Helper 8 8 8 0-21% 10
Hand Loader 7 10 1 est 100% 1
Timberman 5 9 5 100% 2
Cutting Machine Operator 10 6 11 0% 12
Shot Firer 11 12 4 24-41% 7
Loading Machine Helper 13 15 5-50%
General Laborer 9 11 est 0% 8
Cutting Machine Helper 14 13 10 0% 13
Face Driller 15 14 14 47-54% 4

PE-I1III @T9®el



Table III-34

STATISTIC: Spearman Rank Correlation STATISTICALLY SIGNIFICANT: vyes
Coefficient. Ranks: Risk Factor vs.
_Exposure: rg = .54 =~ z = 2.03

NORMALIZATION: 1971 Respirable Dust File for Population and Ted Berry, I.E.
Studies and Field Data for Hazardous Exposure Estimates

COMMENTS: This table was an attempt to determine if a relationship existed between
hig risk factors (as defined in the previous table) and extensive hazardous expo-
sure (under unsupported roof). This analysis indicated a significant relationship
between the amount of time spent under unsupported roof and high risk jobs.

CONSTRAINTS: Estimates of hazardous exposure are only approximations and can be
expected to vary widely in the industry.

PROBABLE CAUSES: Poor work safety practices, poor training and poor self enforce-
ment of safety regulations cause the above accidents.

RECOMMENDATIONS: USBM and MESA should continue to disseminate information on the
risks of such poor practices as operators improving self enforcement of safety
regulations, and USBM and manufacturers should continue to make improvements in
machine safety (i.e., canopies, remote control, etc.).




Table III-35

CROSSTABULATION
of
V042 - victim's Job Classification
vs
V046 - Victim's Experience at That Mine in Years/Months

Mine Experience
Job

Classification 0-9 1-4.9 5-9.9 10-25 Total Pop. %
C/M Operator 3 8 4 5 20 16.2
C/M Helper 2 3 0 1 6 4.3
Cutter Operator 0 3 0 0 3 6.6
Cutter Helper 1 1 0 0 1 1.6
Face Driller 0 1 0 0 1 1.6
General Laborer 2 2 1 1 6 1.9
Hand Loader 3 6 - 0 9 2.4
Loader Operator 2 8 2 5 17 5.0
Loader Helper 2 0 0 0 2 1.1
Roof Bolter 2 4 1 3 10 14.1
Shot Firer 0 3 0 2 5 1.7
Shuttle Operator 4 9 1 3 17 20.7
Timbérman 3 6 0 1 10 4.3
Shift Supt. 3 3 6 1 13 10.0
General Supt. 1 3 2 1 7 -

STATISTIC: None STATISTICALLY SIGNIFICANT: n/é

NORMALIZATION: No adequate experience
data was available on the miner popula-
tion.

COMMENTS: Because the experience class intervals represent different numbers
of years (i.e., 1, 5, 10, 15 years) an attempt was made to estimate the accident
frequency per year. If it could be assumed that both experience and accidents
were linearly distributed among years in each class interval, the average
number of accidents per year would be 1.9/year, 1.0/year, 0.25/year and 0.09/
year respectively for the experience class intervals above. And although we
know that neither accidents nor experience is uniformly distributed by year

in the above intervals, especially in the less than 5 year experience intervals,
these initial estimates suggest the rate of decline of accidents per year of
experience. This study and several previous studies have shown an accident
avoidance learning effect with experience.




Table 111-35

CONSTRAINTS: An attempt was made to use experience data on a sample of 363
miners in five job classifications taken during the T, Berry Pittsburgh Seam
studies. However, extrapolation of these data to all job classifications does
not produce an acceptable normalization data base.

PROBABLE CAUSES: A mine environment is a comparatively hostile work place.
There are many things that can get an inexperienced man in trouble. Some of
these situations involve complex and subtle clues to detect and avoid serious
trouble. Some of these clues are learned with continued experience. However,
other problems of information may be beyond the physiological capabilities of

men, hence unrelated to experience. For example, correctly assessing a bad

roof condition requires both experience and information not detectable by human

senses. For such situations, sensors or other sources of the necessary infor-

mation are required to provide a sound basis for assessing the true situation.

Obviously, if such systems become available, miners and foremen must be trained

to relate their experience and sensory detection capabilities to the new in-

formation to make the best use of all available information to avoid serious

trouble underground.

RECOMMENDATIONS: USBM continues development of systems to provide supplemental {
information necessary to avoid serious accidents. MESA and operators continue
training enforcement and self enforcement of safe working practices.




V031 - Mining Method in Effect at Accident Site or Section

CROSSTABULATION

of

vs

Table III-36

V042 - victim's Job Classification
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Victim's Job Rank Frequency Crew %/Crew %/Crew
Loading Machine Operatorn 1 (20) 1 7.3 4.9
Cutter Operator 2 (8) 1 7.3 4.9
Shot Firer 3 (7) 1 7.3 4.9
Shuttle Car Operator 4 (5) 2 1l4.6 9.8
Timberman 4 (5) 1 7.3 4.9
Worker Supervisor 4 (5) 1 7.3 4.9
Loading Machine Helper 7 (3) 1 7.3 4.9
Roof Bolter 7 (3) 2 14.6 9.8
Supplyman 7 (3) 1 7.3 4.9
General Supervisor 7 (3) .2 1.4 .9
Cutter Helper 11 (2) .5 3.7 2.5
General Laborer 11 (2) 1 7.3 4.9
Face Driller 13 1 7.3 4.9

(1)

See Next Page




Table III-36

COMBINED CREW CATEGORIES FOR ANALYSIS
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f Crew % Crew
Loading Op. & Helper | 23 2 14.6 9.8 2.35
Cutter Op. & Helper 10 1.5 11.0 7-0 1.42
Shotfirer & Face Drill 8 2 14.6 9.8 .81
Shuttle Car Operator 5 2 14.6 9.8 .51
Timber, Supply, Labor 10 3 21.9 14.7 .68
Roof Bolter 3 2 14.6 9.8 .30
Supervisor 8 1.2 8.7 5.8 1.37
STATISTIC: Chi Square Evaluation STATISTICALLY SIGNIFICANT: Yes

NORMALIZATION: Estimates of typical con-
ventional mining section face and support
crew in retreat mining.

COMMENTS: Review of these tables indicates that the loading machine operator's
risk factor is more than twice what would be expected on the basis of popula-
tion. The cutting machine operator also has somewhat higher risk of accident.
Conversely, the roof bolter and shuttle car operator have significantly lower
risk factors. These results are consistent with similar analyses for both
conventional and continuous mining.

CONSTRAINTS: Small sample sizes required combining several job classifications
from Table IITI-34 for analysis in Table III-37. It should be noted that the shot
fire classification was found to have a risk factor more than twice what would

be expected on the basis of population (See Table III-34). However, when the shot
firer accident data was combined with the lower risk face driller (to permit
analysis) an apparent lower risk factor was indicated.

PROBABLE CAUSES: Poor work safety practices, lack of protective canopies on
equipment during periods of the study, inadequate training of machine operators
and self-enforcement of safety regulations by foremen and mine operators con-
tributed to the causes.




Table III-36& -

RECOMMENDATIONS: MESA and mine operator should continue or increase emphasis
on training of section crews for safe operation of equipment and USBM continue
developnent and testing of safer equipment (e.g., canopies, remote control,
sensors, cable reels, etc.) and mining procedures.




CROSSTABULATION

of

PR |

V031 - Mining Method in Effect at Accident Site or Section

vs

V039 - During Which Work Cycle Did Accident Occur?

Mining Method at Site
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Work Cycle f % # % e
Loading 30 54.6 1501 43.6 24.0
Undercutting 6 10.9 824 23.9 13.1
Face Drilling 7 12.7 196 5.7 3.1
Face Shooting 8 14.6 213 6.2 3.4
Bolting/Support 4 7.3 708 20.6 11.3
STATISTIC: Chi Square Evaluation STATISTICALLY SIGNIFICANT: Yes

X2 = 20.68 d4f = 4

NORMALIZATION: 1971, Respirable Dust File Data, Conventional Retreat Mining.

COMMENTS: The Chi Square Evaluation results for the observed frequency against

the expected frequency based on exposure of men in elements of the work cycle

As previously discussed, loading is the most hazardous
Bolting and support is one of the safer
Some crews may have higher exposure rates for both loading

gives a significant result.
function in the conventional mining cycle.

work cycle elements.

and support. This will further support the result:

CONSTRAINTS: n/a

PROBABLE CAUSES: Unnecessary exposure under unsupported roof, poor work safety

practices and inexperience of operators may be major causes.

RECOMMENDATIONS: MESA should continue emphasis on safety in the loading cycle.
USBM should continue development of remote controlled loading machines and/or

protective canopies.




Table III-38

FREQUENCY DISTRIBUTION
' ‘of
V023 - On Which shift Did Accident Occur?

£ , % Description
117 | 547 First Production Shift
'k;‘do ? 27.78 ‘Second Production Shift -
29 13.43 Third Production Shift
6 : 2.78 Maintenance shift (no Production)
) ‘ Idle day, not regular productlon,
4 1.85
maintenance shift, etc.

The above data was reorganized to eliminate the maintenance shift
and idle day work.

- Industry / Based on

Norm '74 Expected
Class £ % % Industry Norm Ratio
1st 117 57 Y 115 Sl 12
2nd | 60 } 29 37 76 .79
B3rd 129} 14 7 14 2.07

”f‘STATISTIC Chi Square Evaluation  STATISTICALLY SIGNIFICANT: Yes

NORMALIZATION: 1974 Keystone
Industry Manual sample of 347
mines

“COMMENTS: By comparing the ratio of the distribution of fatal a001dents

to the mines operating by shift, we see that an abnormal proportlon of
accidents occurred during the third shift. Conversely, fewer accidents

occurred durlng second shift work.
CONSTRAINTS None
PROBABLE CAUSES: A greater percentage of third shift crews are less

experienced workers. In mines rotating shifts, difficulties exist
in adjusting to differences in the diurnal cycle (e.g., daily habits).

RECOMMENDATIONS: Increased emphasis should be placed on safety by
MESA for third shift workers.




FREQUENCY DISTRIBUTION
of

V025 - Number of Hours Victim Worked Prior to Accident

1st 2nd 3rd 4th 5th 6th 7th 8th 9th/
Later j
Number f,
of
Fatalities 33 23 18 25 28 35 27 17 4
% 15.7 11.0 8.6 11.9 13.3 16.7 12.9 8.1 1.9
STATISTIC: Chi Square Evaluation STATISTICALLY SIGNIFICANT: Yes

NORMALIZATION: USBM Information circular, 1973; National Safety Council,
Accident Facts, 1973 (See text); Estimated Hours Worked per Hour on Shift
As An Estimate of Work Exposure (See text).

COMMENTS: In an attempt to interpret these data, normalization data reflecting
industry experience relative to accidents vs time on shift was obtained. USBM
data on 1969 injury experiencel indicates that peak accident rates occurred at
three to four hours after beginning work and about three hours after resuming
work following lunch break (regardless of shift worked). Interestingly, peaks
occur in the data from this study during the first hour on shift and again on
the sixth hour (i.e., 1 1/2 to 2 hours after resuming work following lunch break).
The high accident rates immediately after starting or resuming work are espe-
cially interesting. These raw rates become even more important when it is
remembered that productive work time (hence, work exposure) is low during the
first hour on shift due to tramming to the work face and starting up activities,
yvet a high frequency of work place accidents has been observed. (See subsequent
discussion) A similar high first hour frequency of accidents was found in a
National Safety Council study of 31,987 manufacturing and 43,295 non-manufactur-
ing non-fatal injuries in Pennsylvania during 1969.

Table 40 reproduces that summary data. However, a major difference is that

the lowest frequency of the eight hour shift occurs in the fifth hour. In our
study the highest rate occurs in the fifth and sixth hour intervals.

1
USBM Information Circular 1973, #IC8599

Accident Facts 1973 Edition, National Safety Council



Table III-41

Chi Square Evaluation of Hour of Work Day

In Which Accident Occurred

1st 2nd 3rd 4th 5th 6th 7th 8th 9th/later

Frequency

(Total 210)} 33 23 18 25 28 35 27 17 4
Expected * | 29 27 33 29 21 27 27 10 4
Frequency”? 33 27 2 25 17 21 25 21 10
* = pll Coal Mining *% = Manufacturing

x? = 18.12 All Coal ‘Minin X2 = 25.74 Manufacturin
df = 8 ° ining 4af =8 g9

Thus, the distribution of fatal accidents in underground retreat mining is
significantly different than both manufacturing and all coal mining (general)
industrial experience. However, this analysis indicates that the high observed
accident rate in the first hour is not radically different from-industrial
experience. But, the after-lunch peaking of fatal accidents remains a striking
feature of this Table in both coal mining in general, and retreat mining.

In addition, if accident frequencies from each shift hour were normalized for
"work exposure" (i.e., hours worked in the face area per shift hour) approxi-
mated below, the higher frequencies within the first hour after starting the
shift or returning from lunch break are even more startling. For example, if
in that hour after beginning or resuming work (after lunch) only half an hour
is actually worked (i.e., exposure = 0.5 hr/hr), the average risk of accident
per hour worked is 2.5 times higher for those two hours as for any other
shift hour worked. Range is 1.6 to 3.8 times more risk for these two hour

periods.

APPROXIMATIONS OF WORK EXPOSURE

. N I
Man Trip In Lunch

Work 1.0
Exposure 4
(Hours worked g(/’
in face area

per hour .5
on shift)

Man Trip Out

Hours on Shift
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an abhormally high rate of fatalities. This phenomerion 13 _probably different R
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Wn ‘rhu‘t are inhountly wore hagardous condi.tions than in any

- other industrial onv:lromnt. There is poor communication of possible hazards -
among orews working different shifts. There is initial disorganization start-

ing or resuming work. There is plyoholbqi.ell (attention) lag when transition-

- ing fxom a non=working to working gtate. There is not enough emphasis on

safety at the beginning of each work period. —There are short crews and/or job
gubstitutions at the beginning of the shift or during staggered lunch breaks.
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Table II1I-42

CROSSTABULATION
of
V025 - Number of Hours Victim Worked Prior to Accident
vs
V029 - General Classification of Accident Type

General Classification of Accident Type
Sy
o 1€ o)
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8 ¥ 2 F
2 Q O (0]
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a4 =
Hours
Worked f % f % f % f %
1 25 16.34 | 5 26.32 |1 7.69 2 10.53
1-2 15 9.9 4 21.05 |2 15.38 {1 5.26
2-3 12 7.84 12 10.53 |1 7.69 |0 0 o
3-4 18 11.76 1 0O 0 4 30.77 | 3 15.79 Lunch
4-5 24 15.69 |1 5.26 | 1 7.69 |2 10.53 | Break
5-6 27 17.65 | 2 10.53 11 7.69 |4 21.05
6~7 18 11.76 | 4 21.05 |1 7.69 {4 21.05
STATISTIC: None STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: n/a

COMMENTS: When work exposure hours are considered (i.e., hours worked/shift
hour), 49 (i.e., 32%) of fatal roof fall accidents occurred within two 1/2 hr.
periods after beginning the shift and resuming work after lunch break. An
average of 16.8 accidents were recorded for any other ghift hour. The risk

is nearly three times greater for these two 1/2 hour work periods than for any
other shift hour. Although sample sizes are small, there is no indication that
the same increased risk effect is present for any other general class of
accident. See discussion of exposure hours on page 54.

CONSTRAINTS: Small sample sizes precluded statistical analyses. This table
is presented for information only.

PROBABLE CAUSES: n/a

RECOMMENDATIONS: n/a




Table I1TI-43

CROSSTABULATION
of
V025 ~ Number of Hours Victim Worked Prior to Accident
vs
V046 - Victim's Experience at That Mine in Years/Months

Victim's Experience at Mine

n [a)} )] [0)} 0 w n
[e)) ~ . ~ . 9] o~ ~
. g < « [e)} fis] 1 i
} [¢}] ] [ 1 [} (@] 0]
(@] > — > Ta] >t — >
Hours
Worked f % £ % £ % £ %

1 4 11,11 416 55 40 | 1 7.14 | 4 14,81
1-2 6 16.67] 8 12.70 | 0 0.00 | 2 7.41
2-3 4 11.11 ] 5 7.94 | O 0.00 ) 3 11.11
3-4 2 5.56 ] 6 9,52 |5 35,711 5  18.52
4-5 3 8.33 10 15.87 } 3 21.43 | 2 7.41
5-6 5 13.89] 9 14.29 | 2 14.29 | 6 22.22
6-7 6 16.67 | 7 11.11 | 2 14.29 | 4 14.81
7-8 4 11.11 ] 2 3.17 | 1 7.14 | 1 3.70
8-9 2 5.5 | 0 0.00 | o 0.00 | O 0.00

Grouped Crosstabulation
o 3]
N M
T3 N
S 5 W
Hours
Worked f % £ %
0-2 34 35.0 7 17.1
2-4 17 17.5 | 13 31.7
4-6 27 27.8 | 13 31.7
6-8 19 19.6 8 19.5
% Accidents
Per
Experience 70.3 29.7
Group




Table 711I-43 iE

STATISTIC: None STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: None possible

COMMENTS: Inspection of the data suggested there may be two different distri-
butions for two major experience groupings. The table above (Group Crosstabu-
lations) confirms this finding and suggests that it is the lessor experienced P
mine workers who are more likely to become a fatal accident victim during the ‘ o
first two hours of the shift.

CONSTRAINTS: Due to the small sample sizes no statistical tests were performed
on these data. : o

PROBABLE CAUSES: See previous discussion

RECOMMENDATIONS: None




Table 11I- 44

CROSSTABULATION
of
V047 - victim's Experience at llis Job Classification in Months
Vs
V023 - On Which shift Did Accident Occur?

Accident Shift
o o] el
0n o N
Mine M 3 e Approximate
Experience b 3 & Accidents/Year
Years f % £ % f % Total of Experience
0-9 21 26.00 | 15 31.25 |7 28 00 43 43
1-4.9 23 30.67 {19 39.58 | 8 32.00 50 12
5-9.9 16 21.33 9 18.75 | 6 24,00 31 6
10-25 15 20.00 5 10.42 | 4 16,00 24 2
CROSSTABULATION
of
V046 - Vvictim's Experience at That Mine in Years/Months
vs
V023 - On Which Shift Did Accident Occur?
!
Accident Shift
i) el e
] o 5
Mine M 3 e Approximate
Experience o 2 & Accidents/Year
Years f % £ % f % Total of Experience
0-9 18 27.50 {11 27.50 |5 23.81 34 34
1.0-4.9 31 41.89 |19 47.50 |9 22.86 59 15
5-9.9 12 16.22 5 12.50 (O 0 17 3
10-25 13 17.57 5 12.50 17 53.33 25 2
STATISTIC: None STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: No adequate experience data was available on the miner population.



Table III- 44

COMMENTS: To interpret these tables, total accidents by experience class inter-
vals and shift can be compared. Without adequate normalization, high confi-
dence conclusions cannot be made. However, intuitively the frequency of acci-
dents at any shift or experience interval is not unexpected.  Perhaps a bit

more illuminating are the approximations of accidents per year of experience

on the right of each table. Another interesting. feature of this comparison

is the similarity of the distributions for mine experience and job experience.
Again, without adequate normalization it is only an impression. A fact previously
discussed is also evident in this comparison - that is a higher percentage of
the total accidents on third shift. Where only about 7% of mines report using a
third working shift, 15-17% of fatal accidents occur on that shift. The reason
is probably a higher percentage of inexperienced miners on third shift.

CONSTRAINTS: Approximations of accidents per year of experience were based upon
the assumption of a constant accident rate by year within any experience interval.
This assumption is almost certainly not true for the 1-5 year interval, however,
if viewed with caution, these approximations could be considered a quasi-average
number of accidents per year within any experience class interval. P

PROBABLE CAUSES: n/a

RECOMMENDATIONS: n/a




Table 1I1-45

FREQUENCY DISTRIBUTTON
of
V307 - Did Roof "Work" Before Fall?

£ % DESCRIPTION
101 80.16 yes
25 19.84 no
STATISTIC_: None STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: None possible

COMMENTS: Over eighty percent of the fatal accidents occurred after the roof
had previously worked. This highlights a major problem in retreat mining. Roof
warnings are one of the major indicators to miners of impending falls. Unfor~
tunalely, workers cannot keep track of the number of warnings provided by the
roof. For example, a worker in an area hears the roof work. He then moves

to a new area and a second worker enters the area. He does not have the know-
ledge of the prior worker's observation and is caught in a roof fall. This is
even more apparent in retreat mining where roof noise is very frequent.

CONSTRAINTS: n/a

PROBABLE CAUSES: There is no systematic method for tabulating roof working
warnings. There is no systematic communication of such warnings between sections ,
or shifts. There is no information individual miners have to help them asso-
ciate specific roof warnings with incipient roof failure. Individual roof
working events tend to become disregarded because there are many such events
without a means of relating such events to useful roof fall warnings.

RECOMMENDATIONS: USBM should continue development of noige monitoring equipment
to pinpoint location, intensity, and time relationship of noise in retreat min-
ing. A graph, shown in Mining Congress Journal's October, 1974, issue shows the
results of Microseismic Investigations, and displays the relationship of noilse
over time. Further development of this concept could provide a warning system

by which after a certain roof noise rate or intensity is reached an area is
abandoned, mined after installation of additional support, or mined remotely.
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Table 171- 46

FREQUENCY DISTRIBUTION
of

V194 - Primary Unsafe Act by Victim that Contributed to Accident

f % DESCRIPTION
24 22.22 None
17, 15.74 Tested improperly or did not act
14 12.96 Did not follow warning/instructions
11 10.19 Proceeded under unsupported roof
11 10.19 Improper equipment operation
10 9.26 Placed self in unsafe position
6 5.56 Did not put up support
5 4,63 Removed support purposely
4 3.70 Deviated from standard operating pro-
cedure
3 2.78 Did not adjust for conditions
2 1.85 Did not scale loose material
1 .93 Removed support accide?tally
STATISTIC: None STATISTICALLY SIGNIFICANT: n/a
COMMENTS: Noteworthy is the fact that in twenty two percent of the cases, noth-

ing unsafe was determined to have been done. Conversely, other categories in-
dicate the consequences for unsafe ard improper procedures for a variety of

reasons.



Table TIII- 46

CONSTRAINTS: This table is provided for information only

PROBABLE CAUSES: Improper training and poor work safety practices contributed
to these accidents.

RECOMMENDATIONS: MESA should continue emphasis on training for safe and effec-
tive work procedures. Mine operators should improve industry awareness of the
safety and productivity payoffs for better qualified miners using safer work
practices.




V192 - Primary Unsafe Physical Conditions That Contributed to Accident

Table 1717-47

FREQUENCY DISTRIBUTION
' of

£ % DESCRIPTION

35 .25.36 No support

35 25.36 Improper pillar extraction (out of
sequence cuts)

24 17.39 Unusual conditions present (bad roof,
faults)

8 5.80 Not enocugh temporary support

8 5.80 Other

6 4.35 Not enough permanent support

5 3.62 Loose material; not scaled/supported
or improperly scaled

4 2.90 None

4 2.90 Support removed - accidentally/ pur-
_posely

3 2.17 Excessive delay in setting support

2 1.45 Excessive entry width

1 .72 No plan to cover event

1 .72 Excessive cut depth

1 .72 Irreqgular blasting

1 .72 No proper tools/material available
or used




Table III- 47

STATISTIC: None STATISTICALLY SIGNIFICANT: n/a

NORMALIZATION: None possible

COMMENTS: These categories of unsafe conditions stand out from this distribution:
(1) No support - Over twenty five percent of the fatalities occurred where the
primary condition was "no support" - consequently, workers were either necessarily
or unnecessarily under unsupported roof. BAgain, this further supports the need for
USBM projects to provide safer methods of setting temporary supports. (2) Improper
pillar extraction - Over twenty five percent of fatal accidents were in this cate-
gory. Apparently significant numbers of foremen are deviating from prescribed
pillaring plans. Both MESA and mine operators should increase emphasis on strict
adherence to the approved plan. (3) Unusual conditions present - Over seventeen
percent of the fatalities were in this category. Seldom do roof control plans
include specific steps to counter unusual or bad conditions. Thus, section crews are
left to use their experienced judgment to both assess and solve such problems.

CONSTRAINTS: n/a
PROBABLE CAUSES: Poor process control by foremen in adhering to an approved pillar-

ing plan and failure of roof control plang to provide contingency plans for counter-
ing bad roof conditions contributed to these accidents.

RECOMMENDATIONS: MESA should institute regulations requiring approved roof control
plans to include systematic provisions for countering bad roof conditions. USBM and
MESA should provide the necessary rock mechanics information as a basis for select-
ing and implementing standardized procedures for controlling bad roof conditions.
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IV. PILLAR EXTRACTION METHODS

The following pages discuss the basic consid-
erations facing mine operators in the selection
of a pillaring plan. Each of the major types
of pillar plans is discussed for both conven-
tional and continuous mining. Only the major
plans are presented. An analysis of variations
in plans is presented in subsequent sections.

1. ROOM AND PILLAR MINING

Room and pillar mining consists of driving openings to divide
the coal into blocks. The blocks, or pillars, support the over-
lying strata. The openings are called rooms, hence the term
"room and pillar." Mining is normally divided into two phases:
advancing, where the rooms are driven into the coal; and re-
treating, where the resultant pillars are extracted or removed.
Where full pillar recovery is practiced subsidence or breaks
often occur on the surface. Because of this, full retreat mining

is not always practiced.

There are a vast number of general factors which can affect
the decision of the mine operator in selecting the proper mining
method and techniques to be used for room and pillar mining.
These include the roof pressure, the character of roof and floor,
the characteristics of the coal, the inclination and thickness
of the seam, the end prodﬁct desired, among others. Each is dis-

cussed below.

. Roof Pressure

Heavy roof pressure requires larger pillars and smaller
rooms. Squeezes or creeps are often the result of

the failure to recognize excessive roof pressure.

These are usually observed in retreat mining.
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Character of Roof and Floor

The character of the roof and the floor have a tremendous
effect on retreat mining. Even a "good" roof which
can sustain large room spans can be a problem. Such

a roof might not break off at the pillar line, trans-
ferring excess pressure to adjacent pillars. This
additional pressure makes them more difficult to mine.
Conversely, a frail roof could break too soon while
workers are in the process of extracting a pillar.
Support of such a roof becomes critical. The addition
of roof bolts in a previously unsupported area may
cause the roof to become too strong. The addition

of too many timbers inside a pillar may give too much
support and prevent pillar stumps from crushing out.

Impurities present overlying the coal seam may affect
the strength of the roof. Draw slate is often found
in the roof. It readily separates and must be taken
down along with the coal. In other areas, shales are
of such poor quality that air causes rapid deteriora-
tion. Consequently, a thin layer of coal must be left
in the roof to prevent air from deteriorating the roof.

The character of the floor is also a problem. A soft
bottom with poorly designed pillars could result in
the pillars' being driven into the floor and the
floor's heaving, partially filling the room.

Character of Coal

The character of the coal itself can be a problem.

A hard coal produces a strong, firm rib. There is
little chance of spalling but a chance of a rib roll
and resultant injury of workers. A soft coal does
not hold a good rib, posing a lesser danger of injury
but requiring a tremendous amount of clean-up effort.
Driving splits under these conditions is extremely
dangerous and must be done with caution.

Seam Pitch

Pitched seams cause pillars to be designed to keep
rooms at an angle to the pitch and crosscuts parallel
to the contour lines. The results are diamond-shaped
pillars. Pillar extraction must be planned so that
gravity works with the haulage system.
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. Seam . Thickness

‘The thickness of the seam must be carefully considered.
Thinner seams tend to support wider rooms and thick
seams, narrower rooms. Pillars much over 8 feet in
height pose grave hazards in the pillar ‘extraction
process., Difficulties in supporting the roof and
hazards from rib rolls are some of the problems

N Mmmmm(hs

The presence of methane gas is also a problem Nor-
”mally, however, advancement is done far ‘ahead of re-
“treat mining and any gas present in the pillar tends
to bleed off. ThlS helps but does not ellmlnate the
problem ' SEE ‘

| End Product

The end product desired must be considered.: Prior
to the. hlgh degree of automation found in mines to-
day, the mine operator had no problem blendlng the
various qualities of ‘coals found'in his mine.  Im=-
purities such as draw slate and rock could be ea81ly ,
separated out by hand and were normally left in the o
mine. Today, ‘with the hlgh degree of automation,: .

‘blending or selective mining cannot be performed by
section, that is, within a section, but can only be
performed by blending material from the various
sections within the mine.

Size of Mlne

The size of the mine can affect the methods employed
Larger mines have new and better equipment. Smaller
‘mines often operate with poor equipment or w1thout
the knowledge and sophistication or training found
in the larger mines.

All of these factors and others must be considered in order
to select the "best" method. This is the method which will
produce the maximum recovery, at the lowest cost, with the least

danger to the miner.

Room and pillar mining is a flexible system. Basic system
parameters can be readily changed to suit the particular conditions

of each section within the mine. Unusual conditions can be coped
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with or even avoided when encountered. There are, however, some
drawbacks to the system. While initial developmental costs are
less than other methods such as longwalling, the overall cost
for the system is considerably higher. The section is large,
causing numerous delays while moving production equipment from
place to place. This large work area also makes supervision

and logistics extremely difficult.

Planning for room and pillar mining is of critical importance
in order to enhance production and maintain safety. This is a
difficult task, since the life of a mine is often in excess of

20 to 30 years. During this period of time, equipment undergoes

many evolutions, changing basic requirements and mining techniques.

This makes long-range planning as difficult as it is important.

Perhaps the first considerations are room widths and center-
to-center dimensions for driving the openings. Consideration
must be given to the overburden pressure and to the consistency
of the immediate roof. Characteristics of the coal must also
be considered. Opening widths must be sufficient for the size of
the equipment that is to be utilized in the section. Center
dimensions on rooms and crosscuts must be designed to support
the overburden and to allow for a systematic recovery plan.
Although occasions occur where less than full recovery is prac-
ticed, these discussions will be limited to full recovery of
pillars. All of the pillars must be properly dimensioned to
allow full extraction of each pillar in an efficient and speedy

manner.

Pillars vary in size from those in excess of 100 feet square
to those as small as 20' x 30'. These variations in dimensions

can be better visualized by the following table:
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Table IV-1l

Room Crosscut Room Crosscut Extraction During
Centers Centers Witdths Widths Advance Retreat
(£t.) (ft.) (ft.) (ft.) Area| % | Area| %
100 100 20 20 3600 |36 |6400 |64
90 90 20 20 3200 ]40 [|4900 |60

80 80 20 20 2800 {44 |3600 56
70 70 20 20 2400 149 ]2500 |51

60 60 20 20 2000 |56 ({1600 |44

50 50 20 20 1600 (64 900 |36

Percent Recovery for Square Pillars of Varying Dimensions

Economic considerations might dictate the use of centers

which are close together. The closer together they are, the

higher the percentage of extraction during advance mining.
Consideration should also 'be given to the production rate during

advance and retreat mining, and the cost of extraction of coal

during both of these phases.

In many of the eastern mines, numerous seams of coal are
‘The extraction of coal in one seam must consider the
Care must be taken to properly

present.
workings in the underlying seams.
align the mining in the underlying seams, above and below.

Deterioration in one seam could cause problems in the underlying

seam.

Consideration should also be given to cleavage plans which

exist in the coal. Bituminous coals generally contain two clea-

vage planes. They run at approximately right angles to one
another. The longer, more pronounced irregular cleat is called
the face cleat, the other, the butt cleat. Propér design of
the mine can use the cleats to insure good breakage of the

coal, stronger ribs, ability to withstand roof pressures, and

proper bleed-off of gas.
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During the retreat phase of mining the production pillars
are recovered progressively from the bleeder blocks towards
the entries in the barrier pillars. There are so many
techniques of pillar recovery that only the major techniques
can be discussed here. These differ from one another on the
basis of the sequence and pattern of successive cuts (or lifts)
taken from the pillar. These techniques can also be aistinguished
by the mining equipment utilized to extract the pillars. Most
common in these discussions will be continuous mining equipment

and conventional mining equipment.

The selection of the sequence of cuts in the preparation
of the mining plan is one of the most important steps in insuring
good production. Numerous sequences exist, and each has its
own individual characteristics, advantages, and disadvantages.
No one plan is universally applicable, and many plans can be
used in a given set of conditions. The roof control specialist
must select the best plan for the given conditions. The content
of the plan can have a substantial impact on safety and pro-
ductivity. The following section discusses some of the more
common plans. Each will be analyzed to optimize the basic
dimensions and support requirements. Utilization of the results
will allow the reader to select a particular pillar plan and
tailor it to his conditions and equipment in such a way as to

maximize production and safety.

Throughout this report emphasis is placed on systems com-
patible for continuous miners. Conventional mining sections,
are also discussed but emphasis is definitely placed on the former.
This is representative of what is characteristic of the industry.
In fact, during the period 1970 to 1974, the number of men
employed in retreat mining varied from 27% to 21% and the percent
using retreat mining conventional equipment varied from 10% to

20%. Only in scattered areas was conventional equipment

IV-6



being used in pillaring operations. Most often, it was due to
geological conditions or to smallness of the mine. 1In one
particular case, an 18-inch seam of rock ran through the center
of the coal bed. Where operators were given a choice, they
tended to use conventional equipment on advanced work and con-
tinuous equipment on retreat work. This was due, in part, to
the ability of conventional equipment to cut efficiently "harder"
solid coal, and also due to the need for speed of extraction

in retreat mining which the use of continuous equipment provides.

The discussions of pillaring plans are presented first for
continuous mining, then for conventional mining. Following these
sections, each method is discussed in greater detail analyzing
among others the effects of dimensions, equipment, haulage, and
support. Finally, a comparison of each pillaring method is
presented in terms of productivity, safety, and utilization of
resources. The methods presented are in use in mines today.

They vary widely in terms of their inherent safety. Some are
obviously poor methods of pillar extraction and are not recommended.
Caution should be used before selecting a plan to ensure that

it is compatable with safety requirements stated by MESA.

2. CONTINUQUS MINING PILLARING TECHNIQUES

During the underground studies, numerous techniques were
observed in extracting pillars using continuous mining equipment.
In some cases the variations in methods were minor; in others,
they entailed totally different approaches to the extraction of
the pillar block. It was impossible to observe all the diff-
erent methods of extracting pillars using continuous equipment,
however, each major method is discussed. The techniques discussed

include:
. pocket and wing,

split and fender,
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. splits with simultaneous fender extraction,

. multiple splits,

. radius pillaring,

. diagonal pillaring, and
. block mining.

(1) Pocket and Wing

This technique is commonly found in the Pittsburgh seams
and is the best known of any of the multi-directional pillaring
techniques. The reader should refer to Figure IV-1l during

the following discussion.
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Pocket and Wing
Figure IV-1

In the pocket and wing technique, lifts are taken of
successive sides of the pillar block in a manner which will
leave an eight to fifteen foot pillar of coal between the

pocket and the gob. This pillar is commonly called the wing.
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Following completion of the first series of lifts through to
the gob end, the remaining coal in the wing is extracted.

The cutting of the coal in the pocket is sequenced in a way
which provides two working places within the pillar block.
That is, a cut is taken off the first pocket, then the con-
tinuous miner is trammed to the second pocket to take cut
number two. At the same time the first cut is bolted. The
continuous miner then continues to exchange places with the
bolter until the pocket is driven through to the gob. The
remaining coal in the wing is then extracted prior to driving
the second pocket through to the now completed first pocket.
Normally, depending on the basic dimensions of the pillar
block, the second pocket is then one cut away from completion.
The 1lift is taken and the wing is then extracted. The pillar
now has been reduced to a substantially smaller block. Again,
depending on the basic dimensions, this remaining block may
be extracted using a split and fender technique or may be
reduced in size in a manner similar to that previously des-

cribed.

The sequence of cuts in pocket and wing is very important
to establish a tempo between the miner and the bolter and to
prevent the miner from being forced to wait upon the bolter's
completing an operation. Because of this, an additional 1lift
often must be started in an adjacent pillar block to keep the

continuous miner busy.

This technique normally results in‘leaving square blocks
of coal after each stage of mining. It allows operations to
be concentrated in one block at a time and provides an easy
means to coordinate tﬁe mining and bolting operations. How-
ever, place changes can be confusing, and bolters must work
internal to the Dlock at the same time as the mining is being

completed.
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(2) sSplit and Fender

The split and fender technique is common throughout the
country and is the best known single directional technique of
ﬁillaring. It requires that several blocks be mined at the
same time in order to coordinate the mining and bolting. The

reader should refer to Figure IV-2 during the following dis-

cussion.

GOB
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Split and Fender
Figure IV-2

Through a sequence of lifts, a split is driven through
the center of the pillar block. Normally, in the case of
rectangular blocks, this split is driven the length or the
long distance through the block. Two and occasionally three
pillars are extracted at the same time. The continuous miner
moves from one block to the other to provide a new place for
the roof bolter. Following completion of the driving of
the split, the miner then turns and extracts the fender on
the gob side. Depending on the basic dimensions of the pillar
block, the extraction of the fender may require the miner to

cut at a 45° angle or as great as a 90° angle. Following
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completion of the extraction of the gob side fender, the miner
then positions himself on the room side of the pillar to ex-
tract the second fender. This technique requires that two
pillar blocks be simultaneously active in the extraction
phase. Sequencing of cuts is much easier than pocket and

wing.

(3) Splits with Simultaneous Fender Extraction

"Christmas Treeing" is one name for the technique of
pillar splitting in which both fenders are extracted at the
.same time. In this method a pillar block is initially cut
in a manner similar to split and fender, but then cuts are
taken off both the right and left fenders as the miner re-
treats out of the pillar split. Roof bolting is completed

in the same manner as in Split and Fender. See Figure IV-3.
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Split with Simultaneous Fender Extraction
Figure IV-3
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In this manner the entire pillar can be extracted from the
pillar split. This technique is often used in areas where
access to the pillar from adjacent rooms is prevented because
of roof falls, floor heaves, or other such obstructions. It
is also the standard practice of pillar extraction in some
mines. It appears to offer little advantage over the con-
ventional split and fender method, and increases the hazards
since on the process of fender extraction there is a high

amount of exposure of workers.

Another technique is a combination of split and fender
and simultaneous fender extraction, shown here in Figure
Iv-4.
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Split and Simultaneous Fender
Extraction from the Room
Figure IV=-4

Splits are driven in adjacent pillars in a manner which
facilitates roof bolting. The pillar block on the gob side
is holed through first, then the gob side fender is extracted.

The miner then returns to the split of the second pillar,
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extracts this, and completes the out-by fender. The two
remaining fenders border the room and are extracted by moving
the continuous miner into the room entry and extracting both
fenders by taking subsequent lifts off the left and right

sides.

(4) Multiple-Splits

Where pillar dimensions are sufficiently large, multiple
splits are required to achieve complete extraction. In
Figure IV-5, two splits are driven through two different

pillar and sequenced in such a way to provide for the bolting

functions.
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Multi-Split and Fender
Figure IV-5

Iv-13




Following the completion of the driving of the first split,
the fender is extracted. The split in the second pillar is
then completed and its fender extracted. The remaining

pillar is again split in much the manner described earlier.

(5) Radius Pillaring

Another pillaring technique is shown in Figure IV-6.

GoB

Radius Pillaring ,
Figure 1IV-6 1

Here the pillar block is entered from the corner. As the
first cut is taken, it is turned sharply to the gob side. The
miner is then withdrawn and the pillared area is timbered

off. A second cut is started by merely enlarging the first
cut towards the center of the block. The completed second

cut is timbered off. In a similar manner, the third cut is
taken, subsequently enlarging upon the first cuts. The re-
maining stumps adjacent to the first cut are extracted during

the final phases of removing the pillar. No bolting is done ;
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during the extraction process. This sequence of cuts appears
to be extremely hazardous and is not recommended under any

conditions.

A similar pattern is shown where the pillar block is
entered not.from the end point but from the mid-point.
(Figure IV-7). The first cut is turned sharply to the gob
side and is holed through.

GoOB

Unnamed Pillaring Plan
Figure IV-7

Subsequent cuts are made following timbering. Each subsequent
.cut enlarges the first and is cut through the pillar block.
The stump adjacent to the first cut is removed during the
final phases of extraction. A similar technique is used in
the extraction of pillars driven with angles crosscuts.
(Figure 1IV-8).
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Pillaring of Diamond Block (Continuous Haulage)
Figure IV-8

Both of these pillaring plans are utilized using a conventional

timbering roof control plan.

(6) Diagonal Pillaring

Diagonal pillaring was observed in only one mine. See

Figure IV-9.
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Diagonal Pillaring
Figure IV-9

The first cut is taken approximately 10 feet in from
the corner on the gob side and is driven entirely through to
the gob. The second cut follows the setting of timbers in
the first cut. The cut is not always driven through. If the
roof is holding well and little spalling is observed on the
stump adjacent to the first cut, then the second cut can ke
driven the full length through the pillar block. Subsequent
cuts are taken until the entire block is extracted, leaving
a small stump in the far corner. This method of pillar ex-
traction is utilized with a conventional timbering plan, and

where the rocf conditions are extremely ¢ccd.
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(7) Other Pillaring Plans

The following text and figures describe some of the
other unusual pillar recovery techniques observed or described

during the course of the field visits.

One plan which was observed has been utilized in a mine
which had an extremely bad top. This mine had numerous slips
and clay veins. Resin bolts were required along with a consi-
derable amount of timbering with crossbars. The pillaring
plan was designed to avoid the necessity of roof support
internal to the pillar block. The plan left a considerable
amount of coal. This was unavoidable, however, if the men
were to be protected from the hazardous conditions inside the

pillar block.

Blocks 34 ft. x 20 ft. were developed in advance. During
the retreat phase, a single pass was taken on the narrow side
of the block. It was driven as deep into the block as possi-
ble on a slight angle to break through the back side of the
pillar. The miner then moved to a position on the long side
of the pillar block. Subsequent cuts were then driven
through the center of the block to the first cut. The miner
was then moved to the far room side where a fourth cut was
driven through, and as much coal extracted as possible.

Figure IV-10 shows the extraction plan.
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Pillar Extraction without Enteripg Block
Figure IV-10

A variation to this plan is shown where the second cut is
taken from the adjacent room side and a third cut is taken
into the adjacent pillar in a similar manner to the first cutb
shown in Figure IV-9. The miner is then brought back and

the fourth cut is taken adjacent to the second cut. Figure

IV-11 shows the entire sequence of cuts.
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Complete Plan not Requiring Entry into Block
Figure IV-11

3. CONVENTIONAL MINING PILLARING TECHNIQUES

During the literatﬁre search portion of the study numerous
methods of extracting pillars were reviewed using conventional
equipment. During the course of the underground visits, however,
conventional equipment was observed doing pillaring work on only
one occasion. This is not unexpected however, since data shows
that conventional mining comprises less than 20% of retreat mining

and retreat mining comprises less than 20% of total mining.
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The mine in question was using an open end method. However, team
members spoke with operators and foremen who have used other
techniques. As mentioned before, conventional equipment is seen
less and less in pillar work. This is a natural result of the
increased use of tﬁe continuous miner within the coal industry.
However, there will always be some mines that will operate with
conventional equipment. Continuous miners designed today cannot
'be used effectively in mines with certain geological conditions.
Also, some operations will never be large enough to justify the
expense of a continuous miner. Because of this, discussions on

conventional mining of pillars have been included.

(1) Open Ending

Figure IV-12 shows a typical sequence of cuts for dpen
ending. Successive cuts are taken on the gob side of the
pillar, without leaving a fender between the working place
and the gob. Subsequently, support is set adjacent to the
cut to protect workers from the gob when making the next cut

and the place is fully bolted. The sequence of cuts con-

tinues, until the end of the block is reached. The operatiggswﬁwyvuzmﬁ

then shift to the opposite side, cutting in a similar manner,
until the break-through. This pattern continues, leaving a
square block, which is removed in a manner similar to the
first few sequences of cuts. The final block is removed in
the push phase and completes the entire sequence of extraction.
Because of the make-up of the conventional mining crew, i.e.,
five basic operations, a minimum of five and often six pillars
are active at any one time, and the pillar line is normally
kept on a diagonal. The progress of extraction of each

pillar is normally staggered to prevent undue pressures

along the entire line. Some variations do exist in the open
ending methcd, which are elaborated on in a subsequent

chapter.
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Open End
Figure 1IV-12

(2) 8plit and Fender

Numerous variations in the split and fender method
exist for conventional mining. Again, these were not actually
observed during the underground phase of the study; however,
discussions were held with operators and men to gain an under-
standing of the inherent advantages and disadvantages of
each system. Several of the variations are presented below,
each of which offers a different recovery rate. Each one can
be adjusted to the particular dimensions of the pillar.
Also, while one variation might offer a higher percentage
of pillar recovery, it will most likely require additional

support. Depending on the particular conditions of the roof,
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the mine operator might opt for a lesser amount of recovery
in return for reduced support requirements and correspond-
ingly faster and safer recovery. Another deciding factor
is whether the remaining stumps can crush out, or whether

additional blasting will be required to remove them.

The first plan (see Figure IV-13) is a conventional
splitting plan that offers near full recovery potential and
has been utilized in areas with extremely good roof con-

ditions.

Split and Fender
Figure IV-13
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Prior to beginning recovery efforts the entire pillar
is encircled with timbers on four-foot centers. Then, the
first series of cuts are taken through the pillar to the
gob. Following each cut timbers are set against the rib and
the area is fully bolted. Following the breakthrough to
the gob, the number 5 cut is taken. The number 6 cut is
taken from the room side, number 7 cut from the split, and
finally, the number 8 cut is taken from the room side. Of
course, areas are timbered off as they are opened up to the

gob.

Interestingly, this plan was used because the open
ending technique used previously was not getting the desired
recovery percentage. The coal seam observed had an 18-inch
line of rock through the center which required a considerable
amount of explosives to break. The result when open ending
was that the rock would fall neatly in front of the work area,
but much of the coal would be shot out into the gob, where
recovery was impossible. Utilization of the splitting method
kept much of the coal confined between the adjacent fenders

and resulted in a higher recovery percentage.

The second and third methods shown (Figures IV-14 and
IV-15) are basically the same except for the dimensions of
the pillar block.
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Variation of Split and Fender
Figure 1IV-14
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Variation of Split and Fender
Figure IV-15

A series of cuts are taken through the pillar to the

gob; each one in turn is fully bolted. Following the break-

through, the split is timbered off. A cut or several cuts
are then taken off the in-by fender, leaving a series of
stumps. These may or may not be blasted, depending on the
crushability of the stump. Finally, a series of cuts is
taken off the remaining block from the room side. Final

recovery for these methods ranges between 50% and 70%.

Undoubtedly other methods utilizing splits can be
designed or are actually in use. Each of them however,
requires the extraction of coal off the fender from the
split. This presents a risk in terms of exposure which is

not required in open ending.
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V. ANALYSIS OF PILLAR EXTRACTION PRACTICES

In the section which follows criteria are established
by which alternative pillar extraction plans can be
compared. Each of the basic pillar extraction methods
--split and fender, and pocket and wing, for continuous
mining; and open ending, and split and fender for con-
ventional mining--are compared for alternative dim-
ensions and sequences. Each method is compared on

the basis of the amount of free coal, the distance the
continuous miner or loader must tram, the support
requirements, the rate of recovery, the safety consid-
erations, and the productivity rate.

The analysis shows that the dimensions of the pillars,
the method of extraction, and the sequence of ex-
tractions can affect the safety and productivity of

the pillaring section. Although no one technique is
recommended as optimum, a basis hy which mine operators
can compare alternative plans is provided.

1. CRITERIA FOR EVALUATION

It is difficult, if not impossible, to select one optimum
technique from the many used to extract pillars because each
mine operates under uniéue conditions and selects and tailors a
method to fit its condiﬁions. In fact, several methods may be
equally effective. It is important, however, for operators to
be cognizant of other téchniques and how and why they are used.
Few operators can say without reservations that they have analyzed
all alternatives and selected their current method because it

optimizes safety and productivity.

In the sections which follow each of the major types of
pillar extraction is analyzed. In order to provide a basis for
comparison, several criteria have been established which are

felt to be of importance. They include:




. Free coal - This is the percentage of total coal ;
extracted where roof bolting is not required. This ;
calculation includes the bolting of rooms and cross-
cuts during advancement.

. Tram moves - This is the distance that the continuous
miner or loading machine must move outside the pillar
block in removing a pillar as dictated by the sequence
of cuts.

. Support - This is the amount of support that must be
set in the normal extraction of a pillar.

. Safety - This is an evaluation of the relative safety
considerations inherent in the system.

. Productivity - This is an estimate of the overall rate
in which a pillar can be extracted using the method
given certain assumptions for standard times.

For comparative purposes, each measure is reduced to a common
base. Thus, when a measure of the support requirements is esta-
blished, it is adjusted to allow for relative differences in

block dimensions for different methods.

The concept of free coal is important. There are mines
operating under conditions where bolting is not required and
where mining from under unsupported roof is routine and considered
safe. In fact, many operators and workers view bolting inside of
pillars as extremely hazardous and would rather mine the coal
gquickly, not being held up for the roof bolting. Most mines,
however, must bolt inside the block. This bolting is time-con-
suming and hazardous. The extraction activity could be made more
productive if the bolting process could be eliminated without

sacrificing safety.

The tram moves required by the continuous miner or loading
machine are critical, for this is pure non-productive time. Each
equipment move requires time from the crew that is totally lost to
production. A system that reduces or eliminates these moves is

going to be more productive.



Reduction of support requirements for pillar extraction could
mean cost savings, increased productivity, and reduced hazards.

Cost savings are involved because fewer posts and bolts mean fewer

materials, not to mention the labor involved. This means increased

productivity, because a reduction in support requirements elimi-
nates activities which interfere with the normal productive cycle.
Hazards are reduced, because anything that eliminates or reduces
the involvement of men in pillar extraction is going to reduce

hazards.

Recovery rate is becoming more and more important today, both
in terms of the current value of the coal resources today, and in
terms of the loss of part of a resource which can never be re-
covered again. Also, cohsideration should be given to the effect
the remaining coal might have on impending good roof falls. The
mine operator is faced with a decision to increase the recovery
rate at an additional cost or, if not, to determine where the
break-~even point is. The curve displaying the economics of the
decision may look like Figure v-1. ' ‘
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Symbolic Cost/Benefits of Pillar Recovery
Figure V-1




The actual break-even point is unknown. It is a function, of
course, of individual conditions. But determination of the point
might lead to decisions to eliminate coal recovery from "pushout
stumps", substituting blasting, or perhaps increasing the percent
of total extraction on advance to a point at which lifts taken
around the perimeter of pillars might be a sufficient recovery
rate. (See IV-1 (7) ).

On the other hand the short-term cost of increasing the per-
cent of pillar recovery cannot be the only consideration. Coal
lost during pillar recovery can never again be mined. The coal
extracted in the final stages of the recovery process is certainly
less profitable than the earlier stages, but it has value and,
if it is not mined now, it is lost forever. Operators might even
be faced with a decision not to mine certain sections until the

technology exists to do it efficiently.

Also very important in selecting coal recovery rates is the
knowledge that stumps left in a pillar could impede a good roof
fall. This in turn affects the mining of adjacent pillars. Bad
falls prevent the relief of pressure on adjacent pillars. The
cantilever effects of such problems can be seen by comparing the
vertical pressures resulting from good mining practices, in
Figure V-2, to the vertical pressures resulting from bad mining |

practices, in Figure V-3,
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Vertical Pressure - Good Mining Practice
Figure Vv-2
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Safety considerations are of paramount importance. Unfor-
tunately, it is often difficult to quantify the relative safety
factors of alternative methods. Some of the considerations in-
clude the amount of solid coal adjacent to the work area, the
extent in which men are required to expose themselves in the pillar,
and the safety designed into the pillar during various stages {'

of extraction.

The productive rate for alternative systems is difficult
to assess. Each system observed differed due to local conditions,
and the section was staffed accordingly. In these discussions -
productivity rate will be evaluated by considering delays inherent
to the system caused by requirements for roof bolting, the
availability of shuttle cars, and the necessity for the continuous
miner to tram to different locations. These summarizé the major
delay factors which are common to the application of the system
in any mine.




2. SPLIT AND FENDER PILLAR EXTRACTION - CONTINUQUS MINING

The technique of split and fender with continuous mining
equipment, with its numerous variations, is the most common
technique of pillar extraction found in retreat mining today.
Both single split and multiple split systems are used. Often the

multiple splits are both driven from the room entries.

The basic technique of split and fender entails the driving
of a split through a pillar block to the gob in a manner which
leaves a fender of coal narrow enough to be extracted by the
continuous miner as it retreats out of the split. Under normal
conditions, the pillar split is bolted to within 15 feet of the
gob. This often necessitates working two pillars at the same
time to allow production to continue while the roof is bolted.
Fenders are extracted without any roof bolting. Figure V-4 shows

the sequence of cuts.
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Split and Fender Method 1
Figure V-4



A second common technique of split and fender is driving two
splits through the same block. This is used where blocks are too
large to be mined with oniy a single split. This is shown in |
Figure V-5 below. Gob
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Split and Fender Method 2
Figure V-5

A third method seen is where splits are driven from two
directions. This method, shown in Figure V-6 varies little from-
pocket and wing other than the dimensions of the fender versus
the dimensions of the wing.
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Multiple 'Split and Fender Method 3
Figure V-6




The next variation of split and fender differs in that the

fenders are extracted to both the left and right side as the

continuous miner retreats out of the split. This is common where

access to the side of a block may be blocked by fallen roof

debris or bottom heaving. It is, however, the standard technique

in some mines. This technique is shown in Figure V-7.
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Split and Fender - Method 4
Figure V-7

The last major variation of split and fender to be discussed

in this section utilizes the technique of simultaneous fender

extraction, but only from the entry. The plan is shown in Figure

v-8.
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Split and Fender - Method 5
Figure V-8

Each of the above techniques has its advantages and disadvantages.
These are discussed in detail in the paragraphs below, considering
the criteria established in the introduction to this section.

The following assumptions are made in the evaluation:

. splits will be driven cleanly through to the gob at
a width of 20§feet;

. fenders and 1lifts will be taken 10 feet wide on a 60
degree angle;

. breaker posts are required any time any area is opened
to the gob except when extracting fenders or wings;

. turn posts are required for each fender or wing lift
and for each split or pocket driven;

. all splits and pockets are fully roof bolted to w1th1n
15 feet of the gob;

. a cut can be taken a depth of 20 feet prior to support;

. haulage systems cannot tram parallel to the gob, closer
than the second crosscut outby; and




rooms and crosscuts are driven 20 feet wide,

The percentage of free coal (unbolted area) varies only be-

tween single and multiple splits. The total area bolted for a

single split technique is the same regardless of the method used

to extract the fenders based on the assumptions stated above.

Before comparing the free coal available for different methods,
it is interesting to note the effect on the percent of free coal

when fender widths and pillar lengths are varied.

Consider first a 50' x 55' pillar, split 20 feet wide.

The dimensions are shown in Figure V-9 below.
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Typical Dimensions - Split and Fender - Method 1, 4, 5

Figure V-9

In the extraction of the 70' x 75' block, the percentage

of the seam bolted is célculated as follows:

V-10



. the 20' x 55' room is bolted - area 1100 sq. ft.,

. the 20' x 50' crosscut is bolted - area 1000 sgq. ft.,

. the 20' x 20' intersection is bolted - area 400 sqg.
ft., and

. the 40' x 20' split is bolted - area 800 sq. ft.

The total bolted area is 3300 square feet. Note that the
last 15 feet of the split and the fenders were not bolted. This
may not be the case for some mines, but for the analysis in this
section all pillars will be treated in that manner. The total
area extracted is 70' x 75' or 5250 square feet. Thus, the per-
cent of free coal for this pillar plan is 37 percent.

The table below summarizes the effects of changes in the
length of the pillar and the width of the fender and splits. The

example just described is shown first.

Table V-1

- Pillar | Fender| Split| Pillar | Bolted Uﬁbolted Total | Percent
Method| Case| Length| Width | Width| width Area Area | Area | Unbolted

1l 1 55 15 © 20 50 3300 1950 5250 37.1

1 2 75 15 20 50 4100 2550 6650 38.3

1 3 55 10 20 .40 3850 1400 5250 26.7

1 .4 55 20 20 60 3500 2500 6000 41.7

1 5 55 15 15‘ 45 3000 1875 4875 38.5

1 | 6 75 20 15 | 55 3825 3300 | 7125 46.3

Free Coal - Split and Fender
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Using Case 1 as a base, examine the effect of changes of
pillar length, fender width, and split widths. Case 2 shows an
increase in pillar length. This results in an increase in the
amount of free coal. 1In Case 3 the fender width is decreased
with a substantial decrease in the amount of free coal. Case 4
shows the corresponding effect by increasing the width of the
fender. Case 5 shows that reducing the width of the split results

in an increase in the amount of free coal. In summary, then:

an increase in the length of the pillar increases
slightly the amount of free coal;

an increase in the width of the fender increases
significantly the amount of free coal; and

a decrease in the split width increases slightly
the amount of free coal.

Suppose it is possible to achieve all these gains, that is,
increase the length of the pillar, widen the fenders by extracting
them in a 90 degree angle to the split and decrease the split
width. The net effect is shown in Case 6; 46.3 percent of the
area extracted is unbolted, an increase of almost 9 percent just
by changing basic dimensions. While this action does not have
a direct effect on production, it could increase productivity and
would certainly decrease the labor and material requirements for

roof bolting.

As discussed before, the only other effect on free coal is
the number of splits driven. For Methods 2 and 3, the amount of

free coal can be calculated and compared to the other methods.

Figures V-10 and V-11 show the basic dimensions for the calculations.
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Figure V-11
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As before,
fully bolted,. except for the last 15 feet of the split.

the room,

crosscut,

results are shown in Table V-2 below.

from one direction (Method 4).
directions (Method 5).

intersections,

The

and splits are

Case 7 is the multiple split

Case 8 the multiple split from two

Table V-2
Pillar| Fender| Split} Pillar | Bolted Unbolted| Total Percent
Method Case Length{ Width Width| Width Area Area Area Unbolted
(£t.) (ft.) (Ft.)] (ft.) J(sg.ft.) | (sq.ft.)]{sqg.ft.) (%)
2 7 55 15 20 85 4800 3075 7875 39.0
3 8 50 15 20 70 3900 2400 6300 38.1

In both cases a slight increase in the amount of unbolted

‘Free Coal Split and Fender

area results but hardly enough to justify a change in method

from single split to multiple splits.

In summary,

then,

little difference from the standpoint of free coal.

the split and fender variations offer

The major

gains occur not from changing the methods, but from varying the

basic dimensions of the pillar and split.

methods.

Next consider the tram moves required for the different

continuous miner for each cut.

moved within the pillar block.

show examples of the paths used.
the course of extraction which greatly increases the tram dig-

tances for several methods. The tram paths for methods 3 and 4

are not shown.

Not included is the distance

Figures V-12 and V=13 and V-14

Breaker posts are set during

The evaluation must consider the distance moved by the
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Continuous Miner Tram Path - Method 1
Figure V-12
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Figure V-13
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After completion of cut number 8 for method 1 (see Figure V-12)
the breaker posts are set in the crosscut. The continuous miner
must then tram the entire distance around the outby pillar to

get in position for cut number 12. For method 2 (see Figure V-13)
the continuous miner must tram the entire length of the pillar
between each cut. For method 3 (not shown) the continuous miner
must tram between adjacent positions on the block with one cut
taken out of an adjacent pillar. The tram requirements for

method 4 (not shown) are nearly the same as method one without

the tram requirements for fender extraction. Method 5 (see Figure

V-14) eliminates the requirement to tram around the adjacent

pillar. Table V-3 summarizes the results.
Table V-3
Room Crosscut| Continuous Miner Tram Requirewents | Total | Total | Tram i
Method | Center | Centers | Driving Splits Extracting Fenders | Area | Dis- | Ratio
(ft) (ft) No. of|Distance| No. of | Distance (sq. tance | (Dist/
Moves (ft) Moves (ft) ft.) | (ft) Area)
1 70 75 5 570 2 70 10500 | 640 . 061
2 105 75 10 1795 2 70 15750 | 1865 .118
3 90 70 5 1210 1 - 6300 { 1300 . 206
4 70 75 5 570 0 - 10500 | 1750 . 054
5 70 75 5 350 1 35 10500 385 .037
Continuous Miner Tram Distance - Split and Fender

Since some of the pillar designs above contain different
amounts of coal, it is convenient to summarize the results by
comparing the area of the coal extracted to the distance trammed.
This ratio is shown in the last column in Table V-3, and is found
by dividing the total tram distance by the area of coal removed,
(the product of room center times cross-cut center times the

number of pillars extracted).
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The results show that method 5 requires substantially less time '
for tramming the miner from place to place. Also the results
show that both multi split methods require a considerable increase

in the total tram requirements.

Support requirements can be separated into roof bolt re-
quirements and timber requirements. The discussions on free
coal are the beét basis for analyzing roof bolt requirements.
Assuming a bolt pattern on 4' centers, we can calculate a bolt
density of .04 bolts per square foot. Figure V-15 shows the bolts
required for a 20' x 20' segment of bolted area.

X X x X
4

X X X X
4
: X X X X
4

S S

Bolt Pattern for 20' x 20' Segment
Figure V-15

Sixteen bolts are placed in 400 square feet. Multiplying
the bolted area times thf bolts per unit area gives the total
bolts required for each pillar methods. Dividing this total by
the total area mined gives a ratio which makes possible the com-

parison}of alternative pillar methods.
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Breaker posts are normally set when a split breaks through
to the gob. They are also set adjacent to any opening of rooms
and crosscuts to the gob. Turn posts are set adjacent to each
split. Roadway posts and rib posts are used under certain hazar-
dous conditions. Roadway posts are used to reduce the roadways
to sixteen feet or less thus reducing the chance of roof falls.

Rib posts are used to reduce the hazards of rib rolls.

While the use of posts may vary somewhat for the pillar methods

under discussion, these variances are not included in the analysis.

Figures V-16 to V-20 below show the post requirements for each method.

Throughout these figures dots are used to show post positions.
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Timber Pattern - Method 5
Figure V-20

Table V-4 below summarizes the.supppfﬁ requirements for alterna-

tive methods.

ratio of posts to the area of the coal extracted.

Table V-4 EICE &

The post ratio shown in the last column is the

' . ‘Total Bolted - ‘ ; | f B . ;
‘Method | Area Area . .- Total Bolt | Turn || Breaker| thal{ Post
| (sq.ft.) | (sg.ft.) | Bolts | Ratio | Posts'| Posts | Posts | Ratio
1 | s250, | 3300 132 | .o025 | 55 | 32 | 871|017
2 | 7875 4800 192 | .024 85 | 48 . | 133 | .017
3 | e300 3100 156 | .025 | 60 | 48 [ 108 017
a4 | 5250 | 3300 132 | .o25 30 32 62 .012
5 |5250. - { 3300 132 | .025 | 30 48 78 | .015

Supﬁort,Reqﬁirements - Split enszeﬁdef

For. all of the spllt and fender methods the bolt ratlos are

essentlally the ‘same.

ever.

V-19°

Method 4 uses the fewest post of those considered.

‘The post requlrements are dlfferent how— o
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Figure V-21
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Both methods 4 and 5 are controversial. This is even more
apparent if one visualizes the structure of the remaining coal
pillar at varying stages in the extraction process. The'exposure
of men and equipment to hazards is apparent from Figures V-21 and
V-22. Also method 3 requires two work places in the same piilar.
Mining in one part of a pillar while roof bolting in another

could increase the chances of a roof fall.

The last criteria for evaluation is productivity. In order
to assess productivity one must be able to accurately determine
the manpower requirements, the time requirements for each job
assignment and the inherent delays or interference between opera-
tions. This is impossible since each pillar extracted is unique
in its own way. HoweverZSOme broad generalizations can be made

on the basis of the data‘already presented.

The two major operations in pillar extraction are the mining
of the coal and the support of roof. Production can be tied ‘
directly to the mining of coal provided the support of roof takes

—_m_~wiéés*time, as is normally the case under fair to good roof
conditions. 1In addition less than 40% of a pillar is normally
bolted. Thus a product%vity assessment can be tied directly to
the mining cycle. The next consideration is the actual mining
operation. It is reasonable to assume that there is no difference
in the time and effort to make a cut using one pillar method

versus another.

Using these assumption, production and productivity can be
directly related to delays to the mining cycle. There are two
types of delays that are attributable to the method, that is
excluding maintenance or face haulage or other delays common to
all methods. These are: delays for tramming and set-up for
a new cut and delays to set support. A review of the previous

discussions shows significant variations in the tram ratios.
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Methods 1, 4 and 5 have significantly less delays due to re-
positioning of the continuous miner. Of these, method 5 should
have the least amount of delay time attributable to tramming.
Support delays are minimized in methods 4 and 5. An analysis of
the variations in support requirements shows that the additional
posts required for method 5 are breaker posts which can normally
be set without causing a delay to the mining cycle. Thus support
delays should be about the same for both.

On the basis of this analysis then method 5 appears to have

the least amount of lost time and assuming equal staffingvshouldﬂmu

be the most productive.

In summary, the advantages and disadvantages of each system
should be obvious. Each system must be evaluated against the
conditions of the individual mine. If alternative systems are

acceptable to the mine and to MESA, then these criteria will

allow the operator to select the optimum split and fender technique.

Table V-5 summarizes the results.

Table V-5
Percent Tram Post Safety -
Method Description Unbolted Ratio Ratiol Considerations
1 one split 37.1 .061 .017 | No Adverse Consi-
derations
2 one direction- 39.0 .118 .017 | No Adverse Consi-
"} multiple split derations
3 " two direction 38.1 . 206 .017 Two work places in
single split the same pillar
4 simultaneous \ 37.1 .054 .012 | High exposure in
fender extraction split
5 simultaneous 37.1 .037 .015 | High exposure in
fender extraction ‘ room
from the room

Summary of Analysis - Split and Fender -
Continuous Mining
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3. POCKET AND WING - CONTINUOUS MINING

The technique of pocket and wing is one that evolved
naturally with the development of the continuous miner. Open
end mining was the counterpart of pocket and wing when conven-
tional equipment was utilized. In open end mining, successivev
lifts were taken off the gob side of the pillar, normally at a
depth of about ten feet. Following the loading out and bolting
of a place, a double row of breaker posts was set at the gob
line. The pillar looked much like Fiqure V-23.

—'l .

Open End Pillar Extraction - Two Active Places
Figure Vv-23

When the continuous miner was utilized with its capability to
"reach" into unbolted areas, it was natural to substitute a wing
of coal for the breaker posts. This wing provided the necessary
support of the roof and protection from the gob and could be
easily extracted as ‘the miner retreated out of the pocket. This

technique is shown in Figqure V-24 below.

___| .

Pocket and Wing Pillar Extraction
Figure V-24




The basic differences in pocket and wing methods are either in

the size of the block, or in the sequence of cuts required fox
working two blocks simultaneously. 1In the examples below, 20 foot
wide pocket spans and 10 foot thick fenders are utilized to facili-
tate calculations. Method 1 in the analysis of pocket and wing
shown in Figure V-25, is the basic block configuration for pocket
and wing. This pattern entails a sequence of cuts entirely with-
in one block. Only one block is worked at a time. Note that in
the following diagrams the dimensions shown are consistant. They
may be, however, too large for specific roof conditions. Although
twenty foot wide pockets are not uncommon, smaller widths are

often the case. 1In order to facilitate comparisons, all dimensions

have been standardized.
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Pocket and Wing--Method 1
Figure V-~25

Method 2 in the analysis shown in Figure V-26, is the same
configuration as Method 1 but the bagic block dimensions have
been enlarged. 1In designing a pocket and wing system where one
block is to be mined in its entirety, the dimensions should be
such that the number of vertical cuts required to break'through
to the gob is equal to the number of horizontal cuts required to

break through to the completed first pocket.
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Pocket and Wing--Method 2
Figure V-26

Method 3 in the analysis, shown in Figure V-27, shows a
sequence of cuts for completing a pair of blocks. It is impossible
to complete mining in only one block with these basic dimensions

without encountering a delay for bolting.
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Pocket and Wing--Method 3
Figure Vv-27
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variation of Method 3. The block size has been enlarged, and

pushout stump is extracted in a different manner. Again, two

blocks are required to sequence miner and bolter operations.
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pocket and Wing--Method 4
Figure V-28

i a variation

Method 5 in the analysis shown in Figure V-29, is
of Method 1, where the adjacent block sequence ig rveversed to

allow simultaneous extraction of both blocks from a single

It should be noted that the plan presented in Method 5 was or
. pre-

m

to be utilized only where adverse roof conditions or fall

vented using the noxmal mining sequence.
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the same
Each method
support re-

The analysis of the five methods is based upon
criteria established earlier for split and fender.
will be analyzed in terms of free coal, tram moves,
rate.

quirements, recovery rate, safety, and productivity

The amount of free coal available for each method is summar-
ized in Table V-6 below. The differences among the methods is
strictly a function of the configuration of the pushout stump which

that the calcula~-

remains rather than to the method itself.

Recall

tion of the total area ektracted includes the area of the rooms

and crosscuts.

in which the pocket breaks through to the gob.

crosscut entries are 20 feet.

No bolting is required within 15 feet of the point

All room and

Table V-6
Pillar| Pillar| Pocket| Wing Bolted| Unbolted| Total |Percent
Method| Width | Length| Width | Width Area Area Area (Unbolted
(£t) (ft) (ft) (ft) {sq.ft] (sqg.ft.)| (sq.ft] (%)
1 80 50 20 10 4400 2600 7000 37.1
2 110 80 20 10 8200 4800 13000 36.9
3 70 50 20 10 8000 4600 12600 36.5
4 90 80 20 10 14000 8000 22000 36.4
5 70 100 20 10 14000 7600 21600 35.2

Free Coal - Pocket and Wing

It can be seen that no one method shows any significant
variation in the amount of free coal available. The difference

that does exist is caused by the pushout stump configuration.

There are several different pushout stump configurations

worthy of note. Figure V-30 displays each alternative. Notice
that if a pushout dimension is larger than 40 feet, then it can
be split to a smaller pushout.

/
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Pushout Stumps Pocket and Wing
Figure V-30

The pushouts shown in a) and b), above, are difficult to
mine because of their size. They are almost too small to split,
yet too large to extract as a pushout. 1In any case, a pushout
20 feet square or smaller is preferable in terms of ease of

recovery and recovery rate.

The tram distance for the continuous miner is the second
criterion for evaluation. As in split and fender, the need to
avoid tramming between two pillars should be apparent. The
number of times a move is necessary is a measure of the dis-

ruptions to the productive cycle. The move ratio shown in Table
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V-7 is the ratio of the number of moves to the area of coal re-

moved.
Table V-7
Room Crosscut No. of Total Total Tram B Move
Method | Center Center Moves Distance Area Ratio Ratio
' (ft) (ft) (ft) (sq.ft) | (Dist/Arm)
1 100 70 7 1050 7000 .015 1.00
2 130 100 16 3000 13000 .231 1.23
3 90 70 14 2190 12600 .174 1.11
4 110 100 26 4720 22000 .215 1.18
5 20 110 26 4340 21600 .201 1.30
Continuous Miner Tram Distance -- Pocket and Wing

Analysis of Table V-7 shows that the methods using larger blocks
require more tramming and a higher number of disruptive moves

per square foot of coal extracted. Also, the mining of two ‘V
blocks simultaneously requires additional tramming and additional

moves compared to the mining of one block.

Support is the third criterion for evaluation. To allow
comparisons with other techniques, the support requirements have
also been separated into roof bolting and timbering requirements.
The bolt ratio was again calculated using a bolt density of .04
bolts per square foot. The calculations for the number of turn
posts and breaker posts were based on the following assumptions:

. one cut in the wing is taken for every 10 feet of
advance 'in the pocket,

. five turn posts are set for every wing cut, and

eight breaker posts are placed where needed, i.e.,
where the pocket breaks through the gob.

This is best illustrated by referring to Figure V-31, which
shows the support requirements for Method 1. Support requirements
for Methods 2 to 5 can be readily calculated by applying the above-
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mentioned rules to the respective mining plan, (Figures V-26 to

v-29).
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Timber Plan —-- Pocket and Wing -- Method 1

Figure V-31

Table V-8 summarizes the results for the five methods dis-

cussed in this section:

Table V-8
, iTotal Bolted éolt Turn Breaker Total Post
Method Area Area Ratio Posts Posts Posts Ratio
(sq.ft)l (sqg.ft)
1 7000 4400 . 025 79 40 119 .017
2 13000 8200 . 025 164 56 220 -017
3 12600 8000 .026 162 80 242 .019
4 22000 14000 .025 268 96 364 .017
5 21600 14000 - .026 272 96 368 .017

Support Requirements - Pocket and Wing
It can be seen that the different methods do not require
a significant difference in the number of bolts per unit area.
The same is true for the posts, except for Method 3. In Method
3, the sequence of cuts includes two blocks. This leads to a
slightly higher ratio of posts per unit area.
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From the prospective of safety it should be noted that each
method requires two working places in the same pillar during
some portion of the extraction process, and each requires the
extraction of a pushout stump. The technique of twinning re-
quired for Method 5 is obviously more hazardous. This is apparent
from an examination of the exposure of men to the gob while-
driving the first pocket in the second pillar.

Again the assessment of productivity shows little variation -
between the methods when considering roof support requirements.
The single significant factor appears to be tram delays. Method
1 stands out as the pocket and fender method which has the fewest
disruptive moves and the least total distance required for tramm—
ing when considered on the basis of the area of coal to be removed

Table V-9 summarizes the results. Method 1 with the smallest

block offers the greatest advantages under all conditions considered.

, Table V-9 7
- Percent Tram Move Post Safety
Method Description Unbolted Ratio | Ratio | Ratio Considerations
1 50'x80'Block 37.1 .150 | 1.00 .017 | Two working places | -
2 80'x130" 36.9 . 231 1.23 .017 Two working places
Block
3 (2) 50'x70 36.5 .174 | 111 .019 Two working places
Blocks
4 (2) 90'x80"' 36.4 .215 1.18 .017 Two working places
Blocks i
5 (2) 70'x100" 35,2 .201 | 1.20 | .017 | High exposure
Blocks (Twinned)

Summary of“Analysis - Pocket and Wing

|
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4. OPBEN BND = CUNVENLTLUNAL MINLING

Two variations for open end mining of pillars are common.

The first variation calls for the extraction of the pillar from

one direction, the second from two directions. Unlike continuous
mining, the normal practice is to have only one active work place
in each pillar at a given instant. On occasions when a new section
is being retreated or an old one completed, more than one place

may be mined in a pillar at the same time to provide adequate work
places for the section crew. This activity is rarely pursued for

more than a few of the pillar cuts.

The two variations used in this discussion differ only in the
geometry of the remaining pillar. Figures V-32 and V-33 show two
methods to be evaluated. A third method similar to method 1 differs

only in the sequence of cuts and is shown in Figure V-34.
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Open End - Method 2
Figure V-33
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Open End - Method 3
Figure V-34

The criteria for evaluation of conventionally mined pillars
are the same as those used in evaluation of continuous mined pillars, |
except: ' ' R

bolting must be completed to within 10 feet of the
gob, and j

a cut can be taken at a depth of 10 feet prior to
support.

To compare these methods, first consider the free coal. Figures

V-35 and V-36 show the basic dimensions of the pillars. |
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Open End Dimensions - Methods 1 and 3
Figure Vv-35
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For method 1,
For method 2,
support.

roof support.

cuts 6,

cuts 6,

For method 3,

10,
12,

20° 10 10 (0" 10° 10" 10’
Tt

Figure V-36

14,
14,
cuts 8,

16,
16,

10,

Open End Dimensions - Method 2

le,

and 17 do not require roof support.
and 17,
14,

There is no difference is free coal for these

do not require roof

and 17 do not require

methods. Table V-10 shows the calculations.
e o Table V-10
Pillar Pillar Room | Crosscut Total Total
Method Length Width Width Width Area Unbolted Percent
(ft) (ft) (£t) (ft) (sq.ft) Area Unbolted
(sq. ft)
1 60 60 20 20 6400 1200 18.8
2 60 60 20 20 6400 1200 18.8
3 60 60 _ 20 20 6400 1200 18.8
Free Coal - Open End
The amount of free coal is substantially less than that for

continuous mining pillar techniques.
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The analysis of tram distances for conventional mining must

differ slightly from continuous mining, since five separate oper-

ations are involved instead of two.

It is not necessary to deter-

mine the total tram distance of all equipment combined, since the

constraining factor is the resultant time delay.

A typical section has five work places in conventional pillar=-

ing. Table V-11, below, shows the results.
Table V-11
Width | Length| Total Area | Total Tram Dis-
Method Pillars (ft) (ft) Per Pillar | Area tance Total] Ratio
(sq.ft) “(sq. £t) (£t)
1 5 60 60 3600 18000 29480 1.64
2 5 60 60 3600 18000 28640 1.59
3 5 60 60 3600 18000 26960 1.50

Tram Distances - Open End

The slight differenbe between methods 1 and 2 can be accounted
for by the tram distance inside the pillar block. As expected;
the results are quite similar. Method 3 shows a fairly substantial
decrease in the amount of tramming required. This is because'on
several occasions two operations are performed on a block in

succession.

Support requirements are again separated into bolting and
timbering requirements. A bolt pattern on 4' centers gives a ratio
of .04 bolts per square foot. Timbering plans for each method
are shown in Figures V-37 and V-38.

displayed in Table V-12.

The support requirements are

v-35




:'o . . . . 'O
w2134 -
9 .
6 s ]

\7 ! 8
sl 7.

_-']. l. . . LI -1

Timber Plan - Method 1 and 3
Figure v-37

V7

16 i4

_1. ~ R .}

Timber Plan - Method 2
Figure Vv-38

<
I

36



Table V-12
Total Bolted Bolt Turn Breakexr| Total Post
Method Area Area Bolts Ratio Posts Posts Posts Ratio
(sq.ft) (sq.ft) | ' R
1 6400 5200 208 | .033 | 20 112 132 .021
2 6400 5200 208 . 033 20 112 132 .021
3 6400 5200 208 .033 20 | 112 132 .021

SupportiRequirements - Open End
Little can be said concerning the safety aspects of each
method.
of exposure.

Open ending is a hazardous system due to the high amount
Certainly of the three methods the first has the
greatest inherent safety since the block is mined in only one
direction at a time. In terms of production and productivity
the advantage appears to be with method 3 since a slight decrease

in tram time is inherent in the method.

In summary, the analysis has shown few differences among
the three methods.
the other is merely a matter of local preference.

It apperas that the selection of one over

SPLIT AND FENDER —:CONVENTIONAL MINING

5.

Several variations exist for split and fender pillar

little basis for
comparison exists with the exception of the one method analyzed
All the methods have
The analysis of the split

extraction for conventional mining. However,
which leaves large stumps of unmined coal.
been described in detail in Section IV.
and fender method is shown so that it might be compared to open
end methods. The sequence of cuts and dimensions for a typical

split and fender are shown in Figure V-39.
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Split and Fender Conventional
Figure V-39 ‘

The percent of free coal for this technique can be easily calculated
since cuts 5, 6, 7 and 8 require no bolting.

displayed in Table V-13.

The results are

Table V-13
Pillar Pillar Room Crosscut Total Total Percent
Method Length Width width width Area Unbolted Unbolted
(ft) (ft) (ft) (ft) (sq.ft) (sq.ft)
1 40 40 20 20 3600 800 . 222
Free Coal - Split and Fender (Conventional)

The tram distances are calculated based upon the total distance

trammed by the loading machine in the process of extracting five

pillars. The results are displayed in Table V-14.
Table V--14
Total Area Total ' Tram
Method Pillar width Length Per Pillar Area Distance Ratio
(ft) (ft) (sgq. ft.) (sq.ft) (ft)
1 5 40 40 1600 8000 9550 1.19

Summary of Analysis - Split and Fender (Conventional)




" Support requirements are separated into bolting and
timbering, and depicted in Table V-15. A bolt pattern on 4 ft.
centers gives a ratio of .04 bolts per square foot. The timber

plan is shown in Figure V-40 below.

Timber Plan - Split and Fender - Conventional
Figure V-40

Table V-15 I
, Total Bolted Bolt Turn Breaker Total Post'
Method Area Axea Bolts Ratio | Posts Posts Posts Ratio |
(sg.ft) (sq.ft)
1 3600 2800 112 .031 20 - 70 90 .025

Summary of Analysis - Split and Fender (Conventional)

The favorable effect on recovery rate for this system was .
a prime consideration for its adoption. 1In the coal bed where it '5
was utilized the seam had a band of shale 10" thick through the
center requiring a large shot charge to break it up. When the ‘
face was shot, the coal would not scatter into the gob but would i
be contained between the adjacent fenders, thus improving the
recovery rate. '

' .
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The major satety consideration 1s the hazards assoclated witdd

the extraction of fenders. The crew is required to work from

within the split with a thin fender of coal for protection.

6. COMPARATIVE ANALYSIS

It is convenient at this point to summarize the results of
this section to provide an easy comparison of the different tech-
niques. Obviously the factors analyzed are not all that must be
considered in the selection of the "optimum" pillaring method.

Trade-of fs exist between productivity and safety that can only be

resolved on an individual basis. However, this analysis does
provide a first step in the decision process for the selection of
a pillaring technique for any mine. Table V-16 summarizes
the results. Table V-16
- . 3 e . - T ‘]
Percent Tram Post Safety ¢
Pillar Plan Method Description Unbolted Ratio Ratio} Considerations
S&F-Cont. 1 Single Split 37.1 . 061 .017 None apparent
S&F-Cont. 2 (Multi sSplit
Single Direction) 39.0 | .118 .017 Two work places
S&F-Cont. 3 (Multi split
' Two Directions) 38.1 .206 .017 | None apparent
S&F-Cont. 4 (single Split
Simultaneous 37.1 .054 .012 Exposure
Fender )
S&F~Cont, 5 (Single Split
Simultaneous 37.1 .037 .015 Exposure
Entry )
P&W~-Cont. 1 50'x80"' Block 37.1 .150 .017 Two work places
P&W-Cont. 2 80'x130' Block 36.9 .231 .017 | Two work places
P&W-Cont., 3 (2)50'x70'Blocks | 36.5 .174 .019 | Two work places
P&W-Cont. 4 (2)90'xB0'Blocks 36.4 .214 .017 Two work places
P&W-Cont. 5 (2) 70'x80'Blocks 35.2 .201 .017 Two work places
Twinning High Exposure
0.E. Conv. : 1 Multi Directional | 1£.8 1.64 .021 | High Exposure
O.E. Conv. 2 Single Direction | 18.8 1.59 .021 | High Exposure
O.E. Conv. 3 Multi-Directional | 18.8 1.50 .021 High Exposure
S&F~Cont, 1 Single Split 22,2 1.19 . 025 High Exposure

Summary of Analysis

V-40




The reader should recall that a high percent of pillar ex-
traction without bolting is a favorable condition, e.g., high
percent free coal. Similarly, a low tram ratio (feet trammed
per square foot of pillar extracted) and a low post ratio (posts
set pér square foot of pillar extracted) are favorable conditions.

In summary the technique of split and fender with the pillar
; block dimensioned so that only one split is required is the best
. overall technique, although specific local conditions might dictate
the selection of another technique.

7. MODIFIED OLD BEN SYSTEM

Another pillaring method not previously addressed merits dis-
cussion at this point:  The Modified Old Ben System is widely

; practiced in central Illinois. This system calls for the develop-
. ment of long panel headings off a éet of development headings.
The inby end of the panel headings are opened into the bleeder
blocks and the bleeder headings are advanced to the next panel.

The blocks remaining are typically 300 feet wide and about a
thousand feet long. After development the coal is systematically -

extracted from one end by driving a pair of rooms and crosscuts
from one panel entry to the other, then extracting the chain and
barrier pillars. Figure V-41 shows the typical layout.
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Mine Plan - Block System
Figure V-41

This system, as observed, does not lend itself to the type
of analytical analysis present earlier in this section. First,
local conditions permit the roof to remain unbolted on retreat
if at least 8 inches of top coal are left in place. Second, no
timbers are set inside the pillars under normal conditions. This
system does not necessarily eliminate the need for bolting or
timbering. If bolting is required, the apparent advantages of the
system are lost, since only one work place is active at a time
and men would have to wait on bolting with the resulting delay

time severely affecting production.



Basically the three'types

are barrier pillars, chain pillars and bleeder blocks. The bleedér - .

blocks are about 45' x 70' and

of pillars extracted in this system

are normally square or diamond

shaped. These blocks are adjacent to the gob, have often stood

for several months prior to mining, and have deteriorated greatly.

Often adjacent entries are cluttered with debris from roof falls,

rib spalling, and bottom heaving. Consequently, only one entry

may be available for access to
block follows a standard split
ing or bolting. Recovery rate
conditions. Figure V-43 shows
blocks. The variations in the

the block. Extraction of the

and fender technique without post-
is poor, mostly due to the hazardous
the actual cuts for a number of

approach are apparent.

\5\| s//

Sequence of Cuts - Bleeder Block
Figure V-42

V-43




”‘u' m Inin

Vo

Typical Cuts in a Muwber of Bleecder Blocks
Figure V-423

The barrier pillars range from 12 to 34 feet wide and are
about 300 feet long. They are extracted by driving splits off
the end and extracting the resultant fender. The splits are
driven at an angle of 45 to 9290 deqgrees. Obviously, the angle
is significant. For example, penetration of the gsplit at a 45
angle means that the distance to drive 'hrough the gob increases
by 1.4 times the width of the pillar. The time of exposure in-
side the pillar'incfeases as well, Tiguars V-44 shows a typical

extraction pattern.

Typical Cuts - Barricr Block
Figure V-44



The chain pillars are extracted at the same time as the
barrier pillar in order to keep the pillar line reasonably flat.
Figure V-45 shows the basic configuration of the section after
completing the rooms. The sequence of pillar extractions is also
shown.

1 2
St e ’
5
—_— 6
A s
9 10 11

A AT AT
T

Room Layout
Figure V-45

Chain pillars are extracted by the split and fender method.
The process does not allow complete extraction of the pillar,
since, without bolting stumps are vital for support. Figure
V-46 shows several patterns.
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Typical Cuts -~ Chain 1.
Figure V-—-46
The sequence for the extraction of pi. varies somewhat.
The most significant difference is the ox: - o of pillar number
11. (See Figure V-45), As shown in the t « svstem analysis
section, Volume II, this pillar is difCiciii: - mitract because
of its proximity to the tail piece. An a'i i iive effectively
utilized is to extract pillars 1, 2, 3, 4, ¢ .7, and 8. Next
pillar 9 and 10, leaving 11 until the ne- - of pillars are
extracted. This optimizes production by ' - :iing the haulage .

bottleneck.

Too often, a systematic technique is i ..ed in the extrac-

tion process. The ability to cut under o Fod roof allows

too much latitude to some sections and th: Fion of improper

starting positions or improper cut sequen ¢ often the

result. Losses in coal and excessive tim: o oditures are

frequent occurences. This can only be cor - by establishing

a concrete plan for cuts and by the foremorn’ iidly adhering to

the plan. Each split should be carefully ;+  ~oned so as to |
provide uniform fenders that can be easilv .  ackad.

V46
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VL. RECOM‘&ENDATIO’NS‘FOR. LITPROVENENT IN PILLAR EXTRACTION

Mine management must consider many alterna-
tives and make numerous decisions in the establish-
ment of a plan for development and extraction of
pillars. This section deals with many of these
decision areas encountered by mine management.

For each area considered the critical factors are
discussed, and favorable alternatives are pointed
cut. Among the areas discussed are the selection
of the sequence of cuts, roof control requirements,
basic dimensions, section layouts, pillar lines,
sequence of pillar extraction, ventilation, logis-
tics, dust control, percent of recovery, and
equipment requirements. '

In the planning process and actual production for retreat
pillar extraction the mine manager or foreman must consider
numerous factors, each of which plays a vital role in the overall
productivity and safety of the operating section. Many of these
areas are discussed in the following paragraphs. The discussions
are general, encompassing both conventional and continuous mining
and all methods of pillar extraction. It is the purpose to pre-
sent these factors, emphasize their importance and discuss some
of the alternatives. There is such a tremendous number of factors
which affect the process that some are, no doubt, omitted in these

discussions.

1. BASIC DIMENSIONS

The decision on the dimensions of the pillars is one that
must be made far in advance of the pillar extraction. The mine
engineers, when they make their initial projections for the develop-
ment of a section, mustfdecide upon the center-to-center distances
of the rooms and crosscuts and the widths of the rooms and cross-

cuts. Their number one consideration, of course, is the stability

VI-T




of the roof and floor. Failure to consider these factovs can lead
te roof failure, pillar failure, or bottom heaving. Once an i
acceptable range is determined, however, consideration ought to f
be given to means of increasing production efficiency. The pillar |
must hbe dimensioned properly to maximize the recovery of coal

while eliwminating the need to go underneath unsupported roof.

The basic pillar block dimensions should be such that the
entire block can be extracted in a systematic manner. For examplw.
a 40 foot sguare block split in two passes at a width of 20 feet
would result in two 10 foot wide, 40 foot long fenders. These
fenders could be then extracted completely, provided the type of
continuous miner had the reach and attacked the fender at the
proper angle. Figure VI-1 shows three alternatives to the ex-
traction of fenders. 1In Method A, penetration is 100%. 1In
Method B, penetration through the block is 50%, and in Method C,
penetration through the block is virtually non-existent. Each

alternative has advantages.

A O % = 50 C 0O e

Fender Extraction Techniques
Figure VI-1

Figure VI-2 shows the path of the continuous miner in ex-
tracting a cut of coal from a fender for each method. The basic

dimensions and distances are designated on the drawings. The

vIi-2



foilowing discussrions SOHOWS Che eriecis Ol EXUraCilon 1atlius awu
necessary render dimensions for a variety of machine head widths

and angles of attack.
In the diagrams which follow the symbols and relationships
shown below are utilized.
. Angle of Attack = 6
Width of Cut = x
Reach of Miner = y

Width of Fender = s

Path of Head of Continuous Miner in Fender Extraction
Figure VI-2

The dimensions can be chosen to leave stumps of varying sizes,
as in the examples b & ¢, where stumps are categorized as 50%
and 100%. The desirability of stumps varies according to geological
conditions, however, they also can affect productivity and, hence,
profitability. Once the miner has broken through the back side

VI-3



ot the fendex, less coal is available to be cut, hence, productivity

ig vedened. Also, since attempting to extract this remaining coal
necessitates a narrower fender, the overall dimensions of the
pillar block are affected, and a smaller amount of the block is

ronsidered "free" coal again affecting productivity.

To optimize this operation, one must increase the angle of
attack to approach 90° while considering the trade-offs of turning

the miner and maneuvering within the pillar split. For example

cemsider the diagram (Figure VI-3) and the related table (Table VI .,

showin below.

Q
<\
¢

.
|

Fender Extraction
Figure VI-3

Table VI-1
Given x = 10, y = 20
§] tan (@ - 8) t=x tan y - t s= (y-t) sin®
(1t/2-6) (ft) (ft)
(ft)
30 1.73 17.24 2.76 1.38
45 1.00 10.00 10.00 7.11
60 .58 5.78 14.22 12.31
75 .27 2.68 17.32 16.73
90 0 0 20.00 20.00

Critical Dimensions - Method A
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Fender Extraction

Figure VI-4

Table VI-2

e 1

B 4

“F RV ION
e d ey Cern s t}‘
Toiam. aesdin VS WL L

. e
Dhie owrootby oot

iw,ggven x = 10, y = 20

{
v

1/2 t

y-1/2 t

s={y-1/2 sinf

=1/8 xt

Percent

9 Rl *;‘;ng’)‘ (£t) (£t) (£t) (sq.£t) tost
(££) —
0 1.73 17.24 8.62 11.38 5.69 21.55 15,587
45 1.00 10.00 5.00 15.00 10.61 12.50 7.69
60 58 5.78 2,89 17.11 14.82 7.23 2.e1

2.68
0

1.34
0

18.66
20.00

18.02
20.00

3.35

4

I

Critical Dimensions - Method B
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Fender Extraction
Figure VI-5

Table VI-3

to FPigure VIi-4 and Table VI-2 above, if 6

O

= 45

S5eam area

Given X = 10, 6 = 20
& tan t = X tax s=(y-t) A=1/2tx Percent
(n/0) (/2 - B) Sin 6 (sg.ft.) Lost
(ft) 3%
45 1.00 10.00 7.07 50.00 50.00
60 .58 . 5.78 12.31 28.90 20.32
75 .27 2.68 16.73 13.40 7.74
90 0 | 0 20.00 0 0

Critical Dimensions ~ Method C
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Ty, Chﬁf?j*ﬁ‘iﬁ?}? widths from 17 feet o 20 feoet decreaseg
St pevcantase o f cozl vecovered without bolting by i0 percen.
To oinstall bdlis on 4 foot centers in a 12 foot split requires 2
bolts across. To install bolts on 4 foot centers in a l4~or

15 1/2 foot split reqguires 4 bolts across. To install bolts on
a 20 foot split requires 5 bolts. Thus, the changes in widths
do not always necessitate additional bolting efforts.

re indicated, the proper dimensions for a pillar are a furc o

2% many items including the width of the split, the angle of attac
om the fender, the head on the continuous miner, and the degree

of ponetration or the distance of penetration for the continuous
miner. These decisions obviously have an impact on the type of
equipment to be selected for the section. For example, if the

split to be driven through a pillar were to be only 10 feet, a

very maneuverable miner would be required. 1In addition, if the
continucus miner head width can be selected, an effort to evaluate
propérly the advantages:and disadvantages of going to a wider

head must be made.

These discussions bring out the complexity and decisions for
the proper design of pillars for retreat mining. The topics
discussed are only a few of many of interest to the mining engineei.
Even within the limited framework of this section numerous var—
iations were omitted. A handbook should be prepared elaborating
on this topic and others which can serve to guide the mining
engineer in preparing pillaring plans. Such a handbook should
evailuate the geometry of pillar design, the sequence of cuts, the
widtns of cuts, the angle of attack for fender extraction, section
layout alternatives, belt retreating, shuttle car path alternatives
and other related factors. This handbook could be an invaluable ,
guide - to aid mine operators in planning and in day to day operation

of retreat mining sections.
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2. ROOF CONTROL REQUIREMENTS

Roof control in coal mining is of obvious importance. In
advance mining, the sole objective is to support the roof ade-
quately to prevent any roof fall. Little concern is given to
over-supporting the roof except from a cost standpoint. 1In re-
treat mining, however, proper roof control demands that support
be adequate for safety,gyet at a level low enough to insure good
falls. Safety is in no way to be compromised, but over-support
could lead to poor falls. These could caﬁse squeezes and abnormal
pressures which jeopardize safety. In addition, a trade-off
exists between the exposure of the man placing roof support in
a partially mined pillar versus the inherent instability of the
structure without that support. One additonal factor is the
delay that roof bolting inside of a pillar causes, increasing
the overall time of exfracting a pillar. It is generally believed
that the lapsed time from the initial cut into the pillar until
the final stump is removed must be as short as possible in order
to insure safety of the miners.

Many types of support are found in rétreat mining. Each
plays an essential role in the overall roof and ground control.
Bolting, of course, is the usual support @ethod used while
driving the splits or pockets into the piilar. Some mines timber
using cross bars instead of roof bolting.? This allows the mining
activities to continue as the roof supporﬁ is set. In some cases
only posts are set. In this case the series of lifts are completed
and the area is timbered off. Where a mined out split is timbered,
and roof bolting is not required, the continuous miner operator
must be out under unsupported roof during some phase of mining.
Obviously, the setting of the timbers reqdires workers to be out
under unsupported roof. vThe study team oﬁserved, during the
course of this study, mines within a few ﬂiles of one another
mining in the same seam under similar condﬁtions. Mine A uses
a full bolting plan without going beyond sppported roof, and

mine B timbers off the cuts after they are| completed mining

routinely under unsupported roof. 1In both?cases, the management

% VI-10
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and workers are totaily saticfied with the method they are utiiizi~z
And in both cases tney can not understand how it could be done an-
cther way, both listing safetyv ag the reason. Actuslly both ways
may or may not be adequate, but, neverthelesgg, the difference in
approach is striking. This type of contradiction exists throughout

the industry: piliaving is considered an art, not a science,

Breaker posts play a vital role in retreat mining. They z.:

claced oalbween adjacent pillars at the gob line, normally in

,

Imuble rows on Four foot centers. Under severe conditions, ciike
LAy e sulistiteted.,  Breaker posts are also used when splits ox
pockets are driven through to the gob. The purpose of a breakei
cost is to provide a firm line of support at the pillar line,
substitukting for the lack of continuity between the two adjacent

piillars by supporting the mined out opening.

Tarn posts are used adjacent to the continuous miner or
loading machine prior to mining out a fender or wing. They are |
2perally left in place upon completion of mining., In some op- ‘ ‘~;-\j
erations, rib posts are used on either side of the splits or
pockets ko prevent accidents from rib rolls. Roadway posts are
commonly used on entries to the pillarxs. These are generally

riazed on four foot centers in such a way which reduces the span

RS o S

S

nE LYo roadways to 16 feet or less. (See Figure VI-7)

4 F—— " BREAKER POSTS

& TURN POsTS
I RIB POSTS

Yy

.
.
.
.
.
.
.
.
»
’
.

®sennee

.
.

;i=—BREAKER POSTS

senet

- ROADWAY POSTS

Casses s
.
.

.

Timber Plan
Figure VI-7
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1n addition to roof support, posts provide a viiadl warning
to the miners. Pressures due to sagging or bottom heaving can
be readily observed and diagnosed by watching the posts. (See

Figure VI-8).

§z§§%§§§2§$zﬁ§
<+— COMPRESSION OF
WEDGE SHOWS PRESSURE

BREAKAGE MIDWAY
SHOWS ROOF SAG

BREAKAGE AT BOTTOM

SHOWS BOTTOM HEAVING
NOANN

Timber Pressure Signs
Figure VI-8

In virtually all systems of extracting pillars, breaker
posts are set between adjacent pillars at the pillar line. These
breaker posts are often recovered and reset as the pillar extraction
process progresses. One major coal company has developed a mobile

roof support unit on a cat chassis utilizing hydraulic jacks.

©
ﬁ ‘ rh
@ BDD“ t

Mobile Roof Support Unit
Figure VI-9

(See Figure VI-9).
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In toe original veoototype versico, Lhe powey Dov the oagaipnent was

Slaved ol che Conuainuous winer .,  in operation, 3L was o diuned oho
positios, acd the jacks reised against the rool. It was left in

slace while whe split was driven and the fender sxirvarted. Follow-
ing completion of this operation, the jacks were lowered and the
acniv2 frammed o 3 position rear tine next cut. Az a probtoly e
the machine was successful. It showed that such a device could be
naed of foostively. It did, however, suffer from several shorc-
conpin s, Thay jautude:

oo mlaving of power of £ of the continuous miner mesnt
adaitional cables and interference for equipment wwves;

thz nperation of lowering the jacks and moving the
piece of equipment required a man to go into an unsitabls.
araas and

. inn bad roof, the lowering of the jacks caused the roof
re lower, which required the setting of temporary
supnort.

The US2M should initiate a program to investigate the feasibility

of a s=cond generation mobile roof support unit. Such a unit

siwurd wnclude the design of the jacks following the concept of |
iongwall mining, where two jacks can be lowered and moved back V
whiie the other two remain in place in such a manner which enabkles

the miner to "walk" the unit out of a bad area. Second, the machine .
should be equippad with remote control to eliminate the need for
the sperator to go into the hazardous area. Consideration should

L given to battery power, since the number of moves in the course

cf @ =hift for the equipment would be minimal. .These features
roe i make the mobile roof support unit a valuable tool for mines

with “ho proper conditions.

The typical pillar extraction, depending on the method,
may uase anywhere from 40 to 100 separate posts for roof support |
during the course of extraction of a single pillar. These timbers ’

are generally brought forward to the pillar area by shuttle car

VI-13




howving beep loaded sowewhera in Lhe pear of the sect.on. The
Fimhovrs are then unloaded in the immediate vicinity of the pillar,
where they remain until they are needed. In addition, other supplies,
such a3 wedges and header blocks are also brought forward. Timbers
tvpically are slightly longer thon rvequired to allow for varicoions
of coal thickness. Each one is individually fitted at the location
where it will be set. When timbering is required, generally all
produod ion activities cease. Miner, miner helper, and other teamn
menbers all assist in the activity of timbering a split. The men
golect o position for a timber, measure the height, select a timboe:
and measure and cut it by hand. The timber is then carried to its
prsition and set upright, and wedges are driven to anchor it se-
curely. As the extraction process continues, additional timbers
are set as turn posts, rib posts, or roadway posts. When the
fender is extracted completely, the extra timbers must be picked

up and moved. The breaker posts and turn posts that have been

set are generally left in place. The activity of setting timbers

is a major contributor to delays in pillar extraction.

In the past a conventionally equipped pillar extraction section
used a piece of equipment known as a timber machine. This machine
is basically a wheel-driven, electrically-operated machine capable
of carrying a load of timbers, wedges, and other supplies. It has,
as an integral part, a saw for sizing the timbers prior to installa-
tion. This machine can operate independently and carry supplies
and equipment needed for timbering. Although seldom seen today on
the retreating section, this machine has the ability to increase
production on the section. It can eliminate the handling and
rehandling of timbers, and provide a workplace for cutting and
consolidating all the equipment for timbering operations. The USBM
should re-evaluate this equipment in light of today's requirements
on a continuous mining section. The upgrading of this piece of i
equipment with the addition of self-contained power and a device to
recover timbers could make it a valuable asset to the continuous min-

ing section. Other possibilities would be the integration of the

vVIi-14



sypeem with & shoeld Lo protect workers whilo they are sevting tipbeo

chaes oee of Lne wewstr deuslicnmente affecting roof 2onto2]
fryocebroat minisg Lo oremote cortrol in contivious wainen eguipaent.
ramste control, both through the use of an umbilical cord and
vhyocyuoh radio cortrol, is now available on new ecouirpent and =& a
setrofare to old equipment. The study team hasg observad remots
~ontrel heing nsed in pillar extraction and helieve that it cz;
Pigyoa vidial role i deoroving ezfety and productivicwy when g

csed orone iy
: y

Romote control has many advantages. Tt offers additional
cach ~nd allows the operator to remain in a safe position. How

, it reduces visibility, and the operator does not have the

TFeal" of the machine. He can, however, use his eyes and ears

*n pnke np for some of these shortcomings. For example, when a

minor «tvikes the top or digs into a soft bottom, the change in

du

noise is an easily audible sign to the operator. In addition,

s

o con use his eyes to observe the flow of material off the boowm
and see the presence of rock or clay. The angle of the miner
indjirstes whether the penetration is level, angled-up into the

top, or angled down into the bottom. 1In driving the split the
minevr moves from a protected operating place and sometimes stands
alene tha rib, Here he becomes susceptible to being crushed he-
iween the miner and shuttle car or to becoming a victim of rib
*317«. When driving splits the machine operator should stay in a
rlace where he 1s not apt to be struck by a piece of equipment.
“moibhe axtraction of the split, the last cut prior to breakthrough
1 the gob is often less than 20 feet. Without remote control, the
siner operator must stop mining and move to a new position while
LUDTSE L LS set prior to this cut. He can then remove the last

cut. With remote control, he can often continue to cut the re-
waining distance until the split is finished or until the shuttle
car operator is exposed beyond unsupported roof. This can be a

icrcided advantage in productivity, by eliminating a place change.
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However, there does exist the possibility that the machine would
be advanced beyond supported roof, to a point where the unsupported
roof would fall. Thus, a disadvantage does exist that the miner

may, through overzealous advancement, be covered up in a roof fall.

In reviewing fatal accident reports occasionally a continuous
miner operator had advanced beyond the last row of bolts eveh
though he knew it was an unsafe act. This was necessary to ex-
tract a stump of coal that would not crush if left intact. Al-
though it was unsafe to advance beyond the last row of bolts, it
was also unsafe to leave a stump that would not crush out and
would, in turn, cause overriding pressures on the adjacent pillars.

Remote control would eliminate this type of accident.

Another major advantage to remote control is in the extraction
of fenders. Here the operator can position the equipment to
start a cut on the fender, and he can then take a position outside
of the pillar split and mine out the entire fender from a safe
psotion. This minimizes his hazardous exposure during the entire
pillar extraction cycle leaving only the time when he is actually
driving the split. In observing remote control mining of fenders
the study showed that an operator qualified and experienced with
remote control could extract a fender almost as fast with the re-

mote control as he could with the conventional control.

In all of the methods of pillar extraction with continuous
equipment, a requirement normally exists to set posts inside of
the pillar block. The setting of posts is one of the most
hazardous operations in the pillar extraction process. The turn
posts are designed to protect the operator and shuttle car driver.
The use of remote control for continuous miners necessitates a re-
evaluation of the need for timbers during portions of the pillar

extraction.

Also, prior to the driving of a split through a pillar, the
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mipe roreman knows apprceximately where the split is going to breuk
chrough the pillsr block. Consideration should be given to tho
wossibility of setting the breaker posts across the back side of
.he piilar, approximately where the split is projected to penetrate
through. Although breaker posts set in this manner would not bhe
cxactly in the game position as i1f set from-insids the split, tiey
could be set prior to the completion of the previous pillar from

. Fully bolted, fully supported, and stable area. Thus eliminat @ e
Lhe nned for workers to enter the pillar block to install toan.
“ltervastivelv the wobile roof support unit, described earlier omut
re +sed in the spiit in place of breaker posts. It could then xu-
reat along with the continuous miner as the fender is extracted
szting as both breaker posts and turn posts. Given the proper
dimensions and remote control this could eliminate the need for
man to enter the pillar block through the entire mining cycle

greatly weducing the hazards.

3. PILLAR LINES AND THE SEQUENCE OF PILLAR EXTRACTION

The shape of the pillar line and the sequence of pillar ex-
traction are two areas of interest to the mining engineer. Pillar
lines range from steeply angled, to flat, to the W-shaped line
unigue to continuous haulage. Each creates unique problems for
the engineer as he selects the proper sequence of pillar extraction

that will provide good roof falls with no pressure problems.

The selection of the angle of the pillar line can affect the
givduction of the section. The proper position of the belt and
selection of haulage paths are affected by this angle. The optimum
positions required to reduce tram times and belt moves favor a flat
piliar line rather than an angled pillar line. Figure VI-10 and
VI-11 show the optimal positions for both a 45 degree pillar line
and a flat pillar line. ;An analysis of the tram distances for the

shuttle cars for the two types of lines shows that the travel

VI-17




!
2
!-u
3.
4
-1
5
6
Belt Position - 45 degree Pillar Line

Figure VI-10

Belt Position - Flat Pillar Line
Figure VI-11
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Codvase L0 ol aagiud Lans 10 Lroater Lhan that ot the flas iooe

e wrntes that 1g haulage constraiped, which iz typical of

. .

srat wining, ‘acreased delays could result from the use of ar
1gtad pillar line. The pillar line itself is constructed to
szcure a fall inby the pillar line. The jagged pillar line of an

agied fine results in portions of the pillar jutting out intce 2hw

LR
i

nobh area. These areas will be under heavier pressure and will

. :

S Weasacdous e mine than those of associated with a flat it

sso.  Coaventlonal wining requires multiple work places, avd
agied oaslar Laine provides protection during the extraction proe
wwite ool pillar is in a different state of recovery. Thus, oi’7
cetivic plillars are not on stumps simultaneously. No clear choicz

Cepcara te vesolve these questions.

Humerous sequences for pillar extraction exist. Some mines
vork lefh to right, others right to left. Some mines work two
pillars deep from the pillar line, while other work the pillars
one dazp,  Some mines work from the left and the right towards
the center, extfacting the two center pillars together. Plans
allowing extraction of two pillars from a single roadway require
correspondingly less tram time for shuttle cars and continuous
miner., Where one pillar is extracted at a time using two work
nltaces on the pillars, the total distance required for tramming
vhe gostinuous miner and for movement of coal from the face by
shuttle cars is often greater. These areas have been discussed

in detail in Chapter 5.

Continuous haulage Fystems create a different type of pillar
tinz., This is shown in Figure VI-12. Here it is difficult to
devise a sequence of extraction which eliminates pressure points
while maximizing coal recovery. Some suggestions of alternative
seqruences and further elaboration of these problems are found in

Chapter 5 of "Face Haulage Efficiency in Underground Retreat Coal
“ining" published separately as Volume II of this report.
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Sequence of Pillar Recovery Using Continuous Haulage System
Figure VI-12

The use of continuous haulage systems, such as bridge conveyors,
poses unique and interesting problems in the selection of the se-
quence and design of the pillar line. 1In this system, diamond-
shaped pillars are formed due to the lack of mobility of the bridge
conveyor system which makes the cutting of 90 degree intersections
impossible. The left hand side of the section is a mirror of the
right, with the result that the pillar line is neither flat nor
angled, but W-shaped. Although a more detailed discussion of the
problem is contained in Volume II it is appropriate to summarize

the conclusions.

The current methods used to extract pillars of this design
result in a loss of coal because of the inability to mine a W-shaped
pillar line safely. No way currently exists to design the cuts and

the pillar in a manner which eliminates pressure points in
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A i tavs, Toe USBRBM siould initiate a study of new {robhnigues
Foagtracving ccal in tho W-shaped pillar line situation, The

~end 1y mining today is toward increased usage of continuous

e dviving of angled crosscuts, resulting in section layouts
fuctar b “he cues disoussed above, Until such o sty has kes
varformed, and methods have been developed for pillar extractior
3

oooccoed pillar Tines, the new systems and concepts dasioned

oo pevay obtain their full potential.

TR LAYCUTS
e jayout of the section in retreat mining is important to
e proper selection of haulage paths, the positioning of supplies.
Sorosvervision of work places, the rate of retreat and others.
merous ~lternatives existbfor the number of entries and, coyres-
it oly, the number of pillars in a section. Three, four, five,
wer . and nine entries are all viable alternatives, each having
imz advantages and disadvantages. Having fixed the number of
arries, the position of the discharge point and the selection of

sauttle car paths can then be considered.

i large section six or seven pillars wide requires that the
291+ T kept close to the pillar line because of the limited range
¢ whutiie cars on cables. The total distance from the tail pieée
the working place cannot be in excess of the length of the cable
o1 thee shottle car. Although extra long cables can be fitted to

« i ire cars, this does result in some power loss and additional

st
Tie foreman's management problems in retreat mining are very
A'fficvlt ones, far more difficult than in advance mining. These

prol:lems are complicated by the necessity for him to cover a large
vwork orea.  In a large section the rate of retreat of the pillar line
1y wuch slower. This may or may not create problems. Sections with

fewer entries have a faster rate of retreat. As the rate of retreat
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increases, the rate ot belt moves increase. If the belt is not kept
close to the face, shuttle cars are required to tram longer distances
with correspondingly increased delay times at the face. Logistic
problems become more critical, since supplies cannot be stored in a
central point as conveniently. The foreman's management problems, on
the other hand, decrease as the range which a foreman must cover be-
comes smaller. However, because of the faster tempo of the rate of
retreat in smaller sections, he must maintain more awareness of what

is going on.

A three entry bridge conveyor system can be operated with
two bridges and one mobile carrier. The particular rate of advance
or retreat requires a tail piece movement at a certain frequency.
This frequency may or may not correspond with normal breaks on
the operating section. That is to say, it may occur every two
shifts so that the move can be made during third shift with no loss
in production. However, if the move is required after 1 1/2 shifts,
a half of a shift of production may be lost every other move. This
same system given an additional bridge and mobile bridge carrier,
would allow the cutting of five entries. This is an added cost,
but it may increase production by changing the timing for tail
piece movement. The addition of another bridge and carrier to
allow such a system to mine seven entries would again change the

rate of advance or retreat and the timing for movement of belt.

The sequence of pillar extraction varies. Pillars extracted
using single splits were worked in pairs and, occasionally in trip-
lets to provide adequate work places for both the mining activity
and the bolting activity. Two approaches were observed for working
of pillars in pairs. The first, shown in Figure VI-13 had the two
active pillars on the gob line. The second, shown in Figure VI-14,
had one active pillar on the gob line, and the second active pillar

outby the first.
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¢plit and Fender Pillar Seguence Pattern 1
Figure VI-13
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Split and Fender Pillar Sequence Pattern 2
Figure VI-14
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Examination of the two approaches shows no gpecific advantages to
either except in the completion of a row of pillars. In the second
approach, the haulage access is restricted, which would affect pro-

ductivity. This is shown in Figures VI-15 and VI-16.

7/ P v i e i GoB
Ty [y
a1 B
Split and Fender Pillar Sequence -- Pattern 1

Figure VI-15

Split and Fender Pillar Sequence -- Pattern 2
Figure VI-16
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Three blocks can algo be minand at the same time. {See Fioune
VI¥-17)., This ceould he effective in a situation where m.ning
twice as fast as bolting, and two bholters were utilized. Howevaer,
as a standard practice, the additional tram distance required by
the continuous miner makes the system ineffective. Table VI-~G
shows the average tram distance and tram ratio for two active
pillafs, (Method 1) and three active pillars, (Method 2).
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Split and Fender Three Active Pillars
Figure VI-17

Table VI-6
— Continuous Miner
n SN Tram Requixements -
Y- 4 ? H
. 4 W
d v . m
“13 g B o 512
wl & s bt b R
1)) [ ) [N ~ U\ﬁ ~— 33
Bl w g o o | & o 9 | o
9| 818 gl 2l f B0
0 w | B o~ SL 2808 2R~ o
Kot g 0 — B > g H Moy § +H © -
SLS181318 g2 24 2“8 |8
1818 1al8 ’ Al =] Al & «| a8 |8
1 {70 |75 2 10,500! 5 1290 2 190 {1630} .15
f
2 170 175 :3 15,750|‘ 5 1290 3 {90 2800, .17
- ] , 3 360 |

Continuous Miner Tram Distance - Split and Fender -
Two Versus Three Pillars
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In some mines, offset intersections are used. These create
a rather unique problem in haulage and in the pillar extraction
process. With offset intersections, part of the pillar projects
into the gob area. These pillars can be extracted safely, but
only through careful planning and sequencing of cuts. Figqure VI-18
shows the type of situation to be avoided. Figure VI-19 shows a

sequence of pillars which allows the safe extraction of the pillar.

SOLID

Offset Intersections
Figure VI-18

SOLiD
o
~
v}

SouID

Sequence of Pillar Extraction - Offset Intersections
Figure VI-19
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Loz UsSBM sbouinl intelate a sindy ©0 oavaluate adtarnaclve
seclion Layouibs £or difisient NWHLArs of endries aad dliferent
seqiences of pildlar axtraction with respect to management regulya-
@enws, isgistic cequlrements,; tvge of haulage, and rate of recreat
in order to determine which system is optimal for a particular set

ot conditions.

£. SEOULNCE QF CUTSs

Tha sequence of cuts in the extraction process of a piliar
is ~f paviicular importance in terus of productivity and safetly.
prodactivity is affected hecause a proper sequence of cuts will

53]

minimize the tram time required for the continuous miner to make

= place change. Safety is affected because the proper sequence of

¥

sstks is critical to prevent a load imbalance within the pillax by
sxtiacting too much coal from one area at one time thereby desttoyw
ing the load carrying strength of the pillar and causing a prematuss
roof fall. The choice of sequence of cuts is also critical for
vantilation. Splits should be driven through the pillars as guickly
as possible to allow the flow of air through the pillar. Having two
active work places on the same pillar requires splitting of tne ar:
at the intersection. Working two or three places in two or three
separate pillars requires channeling the air in a manner which

w111 ventilate each of the work places adequately. A problem in
both advance mining and retreat mining is sequencing the cuts in

a manozr which prevents dust caused by the continuous miner from
biowing over the place where roof bolting or other support act-
1vities are being conducted. The variations in the sequences

5f cuts has been discussed in detail in Chapter V. The USBM

should sponsor a study on sequence of cuts, for both pocket and

wing and split and fender, to determine which technique results

in the least downtime and hence, the greatest productivity. Care-
ful consideration must be given in the load carrying characteristics
of the pillar. Such a study should also include a thorough investi-
gation of the dimensions of the pillar block splits and overall lay-
out of the section. In addition, the USBM should make recommen-
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dations about the type of equipment to be utilized, including analy-
sis of the trade-offs between sizes of cutting heads on continuous
miners for retreat mining. The Bureau should attempt to optimize
pillar dimensions, the sequence of cuts, and selection of equipment
for a variety of center-to-center distances. With this information
any operator, after designing his pillars, could select the optimum

sequence of cuts and equipment to fit his particular conditions.

6. VENTILATION

There is no question that ventilation is the most critical
element in underground mining. Because of the dynamic situation
of the extraction of pillars ventilation becomes difficult. It is
essential for air to flow over the gob area to prevent the entrap-
ment of gas and subsequent explosion. Air is essential to prevent
gas from accumulating in work areas. Air is essential for visibil-
ity to allow the miner to perform his work safely and productively.

And, of course, air is essential to reduce the respirable dust.

It is a requirement of the Coal Mine Health and Safety Act
that where pillars are extracted either partially or in their
entirety, that a bleeder system be established. This results in
leaving a row or two or unmined or partially mined pillars around
the perimeter of the area which is being mined. These rows of
pillars are necessary tb prevent falls in the perimeter which would
block the passage of return air which must f£low over the gob area.
The parimeter bleeder system must be properly maintained. It is the
duty of the fire boss to routinely walk the bleeder system to assure

that they remain open.

Basically, in mining, mine management has the alternative
of using a single split or a double split ventilation system. 1In
a single split, air must be channeled to pass over and outby the
pillar line. Curtains must be set at the pillar line to

direct the flow of air. Since a single split requires air to flow
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tne wockiay face, it Tan be aillowed to flow across Lhe Jgoin o

Aowa L return, This Flow of aly can be contvolisd by regiulators

on the bhleeder and the return entry. 1In a double split air can

sa divestaed to flow over two waork places.  In this aanger a v oof
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bolt crew can work along with a continuous miner crew and not e
Eocczd to work down wind and in the dust generated from the minrr

Jantlitasion of the pillar itself varies accordiog wo {an
mactyed being wvilized.,  Open end mining, pocket and wing, and
spltes all are ventilated differently. In both open end and
vocket and wing, two work places exist in the pillar. Assuming
both are kbaing worked at the same time, air must be split in a
way which provides ventilation to both the position being mined
«nd o the roof position being bolted. Air is generally run
across the crosscut split at the corner of the piliar and theon
chann:led to each of the work areas. Figure VI-20 and VI-21

show the flow of air.

\?LEEDER

P .

21

'n

Split Air Ventilation - Pocket and Wing
Figure VI-20
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RETURN

Split Air Ventilation - Open End
Figure VI-21

In split and fender both faces must be ventilated off the same
split of air. (See Figure VI-22). Alternatively air could be
channeled up the room entry and split between the pillars to

allow separate air for each entry.

) ) G

o
0l

RETURN

Single Split Entry Ventilation
Figure VI-22

Numerous alternative ventilation plans exist depending on

the section layout and the particular pillaring technique being

utilized. In the overall process of selecting the proper mining
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The problems of ventilation become even more difficult in
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Sincy- Many of these problems could be eliminated by the develon
went or means of rapidly reversing the direction of air flow iu
a section. Thus air could flow clockwise when mining on the rigbi

ide of the section or counter-clockwise when mining on the left
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gide of the section.

7. LOGISTICS

The logistical problems are important for both advance and
retreat mining. However, in retreat mining they are even more
critical. As has been mentioned before, it is esseantial to
extract pillars quickly and éfficiently. This means that the
proper supplies such as timbers, wedges, header blocks, rock
dust, roof bolts and others be at the proper location at the
proper time. A common occurrence is for the foreman to order an
improper amount of supplies. Too few timbers, for example, means
either a costly delay or continuing the mining activity with
inadequate support. Too many timbers means that they must be
relvaded onto a shuttle car or supply car and moved. And, because
the immediate work area is soon to be mined out, these extra
supplies must be moved immediately. At least some of these pro-
blems could be eliminated through the use of a timber supply car

discussed in section 2 of this chapter.
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Logistical problems are common to many mines. Supply systems
operate by word of mouth without inventory control systems. Re-
ordering is often completed only when supplies are. exhausted,
resulting in delays or "doing without". The USBM should initiate
a project to develop a model logistics system for coal mines. Such
a system should determine the supply requirements for the typical
advancing and retreating sections, develbp an automatic requisition
system, set up an inventory control system, set reorder levels based 3
on standard techniques, and establish an integrated inventory level
and cost monitoring system. This system should be implemented with
a participating mine and documented to demonstrate its feasibility

and its economics to the industry.

8. RECOVERY RATE

The importance of pillar recovery cannot be overemphasized. -
If the coal is not recovered during retreat mining, it is lost
forever. On the other hand, one must consider the extra time
it takes to get a high recovery rate against the value on the
additional coal. For example, if the cost of recovering a suicide
stump is in excess of the value of the suicide stump, then perhaps
it should be left in place and shot. 1In the course of extracting i
the push out stump, double rows of timbers must be placed along |
with cribs and other supports. Production virtually ceases during
this phase. Finally, the continuous miner moves in to extract a
few tons of coal. The value of the coal which is actually extracted
is offset by the cost of men and equipment utilized in this phase.
This analysis does not even consider the hazards involved in setting
the temporary supports. Perhaps it would be better to shoot the

stump in place and not waste the effort to obtain the coal.
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free coal. The evaluation of various sequencing of cuts for cxtrac-
Ciow i ceoul sonows lititle diffevence between split and fender oo
vt o aaw wiid An tetms 3f the amount of free coal avaiiable.
eALswnoew bneludaes giving due consideration to the percent of cowas
falews L duzing advapce and retreat and the actual dimensinons i
zud the actual dimensions of both. The percent of free coal is
wifectied by the dimensions of the splits and fender lifts and by

the angle of extraction.

O a conventional section, open end wmining regaires almost
total lariting.,  Split and fender, however, does allow for a nigher
pero=at nf coal to be extracted as free coal. However, the re-

coveiy rate for split and fender in conventional mining is genex-

ally not as great as in open ending.

In the desire to extract as much coal as possible, a decisioon

tc either run the continuous miner under unsupported roof to increase

the extraction ratio or not to run under unsupported roof leaving =
stump and losing the véluable resource must be made. This decision
is a difficult one and one which occurs frequently in pillar extrac-
tion. How do‘ybu measure the tradeoffs between a poor roof fall
which may cause overriding pressure against the hazards of sending
a nminer and an operator under unsupported roof to capture the stump?
Tradeoffs that must be'weighed include the ease with which the stump
will crush out if left vs the cost of additional temporary support
if the decision is to recover the Stump. A possible long-term solu-
tion to this problem would be the utilization of remote controlled
miners. The flexibility of the remote controlled miner makes it a
powerful weapon in combating mistakes made in planning the extrac-
tion of the pillars. With its flexibility combined with its other
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inherent advantages, remote control will be a valuable tool in

safety increasing the recovery rate.

The extraction ratio for fender reserves can vary. Turning
the continuous miner to a full 90 degrees allows the entire
fender to be extracted with no waste of coal. Conversely, taking
less than a 90 degree turn often results in the leaving of stumps.
The stumps can be a valuable tool in providing additional support
and are occasionally required, depending upon the geological
conditions. A trade-off exists between the extra time it takes
a continuous miner to make a full 90 degree turn and the additional

coal left when the miner is allowed to turn a lesser angle.

The USBM should further investigate these areas to increase
productivity and safety, including the geometries for pillar
extraction to determine the trade-offs between the percent of
recovery and productivity, the geometries of pillars.to determine
trade-offs in different patterns in terms of free coal, and com-
parisons of different patterns to determine which plan results

in an overall higher recovery rate.

9. EQUIPMENT REQUIREMENTS

The selection of the proper equipment for retreat mining
cannot be overemphasized. Too often, however, a section is
equipped without due consideration of the interface between
pieces of equipment. A shuttle car selected for its high rate
of discharge may be utilized on a section without a feeder with
adequate capacity to take advantage of it. Consequently, the
shuttle car operator has to continually turn the discharge
conveyor on and off to avoid spillage or overloading the belt
system. Either a slower rate of discharge should have been
selected, or the section should have been outfitted with high
capacity feeder equipment.
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v die @n angle without serious loss of time. A wide head for
cutting could cause productivity to suffer. As the angle of
attack turns from 90 degrees toward 45 degrees, the penetration
of the miner through the fender in order to achieve full ex-
traction increases significantly. Thus, the fender width must
be made smaller and smaller until a point where it reaches its
safety 1limit. Alternatively, an extraction ratio of less than
totai must be accepted. The angle of attack is not the only
critical factor. The width of the miner or the width of the
cutting head determines the amount of coal that is actually left
in the stump. All these factors must be analyzed prior to

equipment selection.

Remote control is an answer to many of these problems. It
gives the added flexibility needed to increase penetration and
Lo make up for mistakes in the positioning of cuts. Remote
contyol 1s being used effectively in a number of mines in the
coruntry today. It will be of great value in terms of safety
acd productivity in retreat mining. There is no doubt that there
is gocing to be a loss due to miners' being covered up, but, as
the operators gain experience, this problem will tend to be
minimized. Also, the operators will be able to remove a piece
of equipment under treacherous roof conditione, where in the
past he may have been forced to leave a piece of ecuipment in

order to insure his own safety.
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Another important piece of equipment on the section is the
scoop. More and more often today scoops are proving to be a
valuable tool on the section. Demand for them is high, with well
over a two-year backlog existing. Unfortunately scoops are -
very dangerous when not used properly. The USBM should conduct

an intensive hazard analysis of scoops and their operation.

Although roof bolting is a constraining activity in advance
mining, this is seldom the case in the retreating section. This
is because roof bolting requirements are not nearly so severe
in retreat mining as in advance. The roof bolter selected for
the retreating section should be capable of bolting a place
within the same amount of time as the miner can mine out a place.
More and more today the use of twin boom roof bolters is being
seen. Twin boom roof bolters offer the advantage of allowing
two men to work separately to bolt a place. They do, however,
suffer delays from the interference of those two men. In retreat
mining, and particularly in the driving of the first cut for the
split, it is difficult to maneuver a roof bolter in position in
a manner which allows both workers to operate. Consequently, a
man must wait until the first man inserts enough bolts to allow
the roof bolter to move forward where both can operate. Further,
in the normal progression of bolting, interference is found
between the two workers. Many of the splits are driven less
than 20 feet wide and some with only 3 bolts across. A narrow
split makes it hazardous for two men to be working. One man
must be close to the rib, where he is susceptible to rib rolls. .
Three bolts across makes it impossible to portion out the work
to the two men without having‘high amounts of down time. Thus,
the utilization of a twin boom roof bolter in retreat mining
does not double the rate of production. In fact, a good working
team on a single boom roof bolter can probably nearly match
the production of a twin and can do it more safely under some

conditions.
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One of the areas possessing major shortcomings on the typica.
section is the feeder or feeder-crusher. These systems have been
overlooked too long. There is much that can be done to improve
themn, and the improvements most certainly can increase productivity.
Shuttle cars built today can discharge 5 to 7 tons of coal in
20 to 30 seconds. Unfortunately, they are usually utilized with
feeders that can barely accept 5 to 7 tons of coal in 40 seconds. |
Operators complain thatﬁthey need feeder equipment which can be o
moved and set up in place quickly, which will be dependable,
and which has a high capacity. At least one RFP put out by the
USBM calls for development of a self-advancing tail piece that ;
can set up in as little as 15 minutes. Both the feeder system and
the belt advance can be combined. It is suggested that the above
study incorporate a feeder system which can accept a complete load
from a shuttle car in 10 to 20 seconds. Additionally, since the
capacity of the normal 36" belt running at 500 feet per minute is
approximately 600 tons per hour, the feeder should have an input/
vutput ratio of at least 4 to 1. It has been noted that at least
one eguipment operator offers a feeder utilizing the telescoping
hopper principle similar to that seen of many of the "ram type"

shuttle trucks. It is suggested, therefore, that the optimum §
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feeder system should be designed with a minimum of 6 tons surge
capacity, that it incorporates a self advancing feature, that it
is relatively flat bottomed to optimize installation, that it
may be fed from any one of three sides and that it may be easily

disassembled for major moves.
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VII. ROCK MECHANICS OF PILLAR EXTRACTION

Much work has been done to develop and publish material
concerning the structural mechanical aspects of ground stability,
but little has been done to assemble and edit the relevant theory
as it applies to room and pillar mining of coal. BAppendix F
assembles most of the major theories in structural mechanics as
they apply to coal. This section is structured in a manner des-~
igned to provide results that are useful to MESA inspectors and
company mine safety representatives. It is necessary that these
individuals be able to collect and analee the basic data in
order to make decisions relating to the adequacy of a pillaring

plan and to make on-the-spot assessments of impending roof or
pillar collapse. With these tools, an individual will be able to:

make basic measurements such as roof sag, room spans,
pillar splits, angle of slips, etc: .

determine standard values from a table for tensile and
compressive strength of coal, modules of rupture, and
densities, for the particular mine;

select the appropriate formula or formulae;
. calculate the related safety factor; and {

compare the calculated value against empirically g
proven safe values to determine the safety of a ‘
particular structure.

This procedure can provide a basis for decisions to take
action to correct hazardous structures. For example, where rib
rashing has increased, the span of an intersection to a point
where the structural integrity is possibly jeopardized, it is
necessary to determine if additional support should be added. i
What effect has the rib rashing had on the ability of the inter-
section to withstand the overburden pressures? The procedure
for calculating the safety factor is cumbersome, but manageable,

and is shown in Appendix F.
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There is no single document which thoroughly covers the
state of the art, and it is beyond the scope of this project to
attempt to produce one here. There are various publications
available in the field; but, taken as a group, they contain mahy
conflicts and inconsistencies. Empirical results to back up the
theory are often lacking. Admittedly much is left to be done
before an inspector has a single authoritative source, which can ~»
consulted in every instance. The science has advanced, however,
to a point where he should have all the necessary tools to offer

a body of scientific fact to back up his intuitive judgements.

What is needed is: an iﬁdepth study of the state-of the-art
theory of advance mining; the development of related theory of
retreat mining; the testing of the theory in a variety of con-
trolled conditions; the assembly of the theory and empirical
results in a single document complete with tables of all needed
constraints, or calculated data not readily available at the mine
site; and the development of calculator devices to allow the

inspectors to rapidly perform the needed calculations on site.

The theory discussed in this section is basic and, while
much has been accepted universally, caution should be used
prior to application of the formulas to in-situ problems. A

more complete discussion is included in Appendix F. The

- reader should refer back to the original publication referenced

to understand clearly the conditions and constraints of

application.

Although the scope of this study is restricted to retreat
mining the rock mechanics presentation starts with the designing
of structures during advance mining. The time to properly design
the mine for the retreat phase is during the design of the advance
phase. Too often this is not done and the result is the pillars
are not dimensioned properly for the equipment used to extract
them. This can be costly. Either valuable coal is left behind
or unsafe mining practices are used to extract it, and in both

cases productivity suffers.
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1. ROOM SPANS

One of the critical dimensions in room and pillar mining is
the span of the room. From a structural safety standpoint, a-
room too wide could collapse. From a personal safety standpoint, i
a room too narrow places the worker in a hazardous position.
The maximum safe room span is, of course, a function of many
variables. Perhaps the most important are those describing the
overburden, the depth of the seam, the composition of the immediate g
roof, and the density of the coal. Other factors include the S |
seam thickness and the relationship of the room span to the )
pillar width. Room span analysis must also consider the presence
of hydraulic pressure. The proximity of such bodies can radically
affect the pressures. The calculations developed do not provide '
for the effects of additional support such as roof bolting or

timbering.

Extracting the appropriate formulas from Appendix F Part
I-16, the safety factors can be determined for failure of roof
due to tensile-compress in strength or shear stress. These are
shown in Table VII-I. ‘With the basic parameters designated,
mine safety officials ér inspectors can determine the relative

safety of a particular span and can determine appropriate action.

2.  INTERSECTIONS

Perhaps one of the greatest constraints encountered in the
determination of the bésic dimensions of the advancing or retreat-
ing sections is the intersection. Many of:the fatal accidents in
retreat mining that have involved roof falls have occurred at a !
location which, could be defined as an intersection. This in- C
cludes the location where the initial pillar split or pocket is |
driven, the position where lifts are extracted, and the position §
of the pushout stump. Fiqure VII-1 illustrates these cases. f
The shading indicates the intersection. |
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Figure VII-1
Typical Intersections

The safety factors for each case can be readily calculated,
and the relevant safety quickly determined. Table VII-2 illustrates
the required steps.

In many mines today staggered intersections are used exclus-
ively. Their use greatly increases the strength of the intersection.
The figures above show that many intersection in retreat mining
can be defined as staggered. But in some cases such as shown in
Figure VII-lc the intersection is a normal one. On the basis of

rock mechanics staggered intersections can be shown to be less
safe than alternative measures.

1 1

Figure VII-2
Simultaneous Fender Extraction
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Table VII-1

SAFETY FACTORS FOR ROOM SPANS

. ; Reference
Description Formula Failure Due to Symbols (Appendix E)
Span of Room Kg= %%?59—— Tensile Strength d = layer thickness _
(Normal) Ro = modulus of rupture I - 16
‘ Y = density of rock
K4 = safety factor
, L = gpan of room
K= %d Eo Shear Stress J = iggir strength of I - 16
‘ Ks = safety factor
Span of R 2d Ro : " = : -
P oom Ky T2 (7 +0/a) Tensile Strength P = Hydraulic or pneu- I 24
(Hydraulic) matic pressure per
unit width and
Ke = 4 J length
5 3 L Shear Stress Others as above
Span of Room Due to the complex nature of the formulas I -6

(Fragmented)

the reader is referred to the discussion
and examples in Appendix E



Intersection
Span

Table VII-2

SAFETY FACTORS FOR INTERSECTIONS

Steps

Formulas

Tables

(1)

(2)

(3)

(4)

(5)

(6)

(7

(8)

(9)

Max. Neg. Moment
at the Abutments

Max. Pos. Moment
at the Center

Pillar Factor

Multiplication Factors

Based on M x and

Mx = 1/2)

Multiplication Factor
based on ratio of
Room Span to Center to
Center Distances

Multiplication Factor
based on Ratio of
Crosscut Width to
Main Room Span

Multiply Results of
(1) and 4, 5, 6 '

Multiply Results of
(2) and 4, 5, 6

Maximum Tensile and
Compressive Stresses

1Cc= 3/4 (l-nz)'

q’
Max™ ~ 13

1 2
Mig=r/2)" 22 &

-

4
d

2k

A
H

I= fl (c) Tabled

II = £ (L/a) Tabled

2

ITI = £

3 (B/L) Tabled

M =M I * II *° III

M M

(x = L/2) = "x = L/2)

~ - ¥
{tons comp}

o

s+ I - XI -

11

Curve R - Regular Pillar Plan
Curve S - Staggared Pillar Plan

Fiqure 12

Figure 13

Temporary Results

Temporary Results

i
Me = Hax M, Mixo= /2y




Table VII-2 (Continued)

SAFETY FACTORS FOR INTERSECTIONS

Factor - E

10

Intersection
Span Steps __Formulas Tables
(10) Ratio of Tensile Do 1
Strength of the Roof - ESCOm
Rock to the Compressive Kg =QE?ffJa
Stress - Comp
f“_(ll),Ratio of Tensile
z "Strength of the Roof Lens
Rock to the Tensile Ky =4 ;
Stress. ~ fens
(12) Minimum of the two A Tl
Ratios is the Safety K., = Min (Ka, K,




Fender extraction similar to that shown in Figure VII-1b
should be used rather than that illustrated in VII-2 where possible.
Push-out stumps should be narrowed (as illustrated in Figure VII-3)
rather than met head on, (as shown in Figure VII-lc).

Figure VII-3
Alternative pushout configuration

One .problem, discusséd more thoroughly in the section on
haulage, relates to intersections common to continuous haulage
systems. There, equipment requirements force the development of
diamond shaped pillars. The belt haulage system is in the center
entry, causing a unique and interesting problem. The intersection

configuration is shown below.

7

r d

INTERSECTION b) GEOMETRY OF
) IN INTERSECTION

v
A

Figure VII-4
Continuous Haulage Intersection
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The problem arises for several reasons. First, it is desirable
to make the dimension b the same as dimension a, since bocth are
required by MESA to not exceed 20 feet. This, in turn, forces c,
the crosscut dimension, to be less than 20 feet. In the illus-~
tration (Figure VII-4b) the c dimension would be b sin 60° = 20
feet (.87) = 17.32 feet. This causes difficulties, since the
continuous haulage equipment is large and at best could use addi-

tional room to maneuver.

Second, the main entry has a panel belt along the rib line. The
severe crowded conditions make it desirable to expand the room
width of the intersection to 22 feet. The added room width
greatly reduces the hazards to the men of being crushed against

the rib by equipment.

Third, the configuration of the diamond pillars leads to the crushing

out of the leading edge of the diamond shaped pillars.

In some areas mine operators have received approval to open
up the main room to 22 feet and to maintain crosscut widths of
20 feet. This, coupled with the crushing of the edge of the pillar,

leads to the intersection dimensions illustrated in Figure VII-5.

a= 22 FEET

b= ¢/5N60° = 2309

b'= 25 FEET

Figure VII-5
Intersection Dimensions
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Thus, the area of the intersection has increased from 346 square
feet to 550 square feet - a 59% increase. The safety factor can
be calculated to decrease from 1.55 to 1.36 or 12%. Whether this
is acceptable or not must be determined by MESA on an individual

basis.

3. PRODUCTION PILLARS

Once room spans and intersections are defined, one can pro-
ceed to the dimensions and shapes of pillars. Numerous formulas
exist to determine the dimensions. These are expressed in terms
of the room span, the characteristics of the overburden and the
coal, the percent of extraction on advance, the geometry, and
other factors.

These formulas are presented in Table VII-3. The reader can
note the striking similarity of the formulas. On the basis of
such formulas, inspectors can determine the relative strength in

terms of a safety factor.

Other formulas which express pillar strength as a function of
flaws found in unit test cubes and the pillar shape are exhibited

in Appendix F. Some significant relationships include the following:

e the strength of the pillar is inversely proportional
to its height, and

. the strength of a pillar varies directly with the
square root of the minimum width.

These formulas can also be used to determine the strength of fenders
and the span of splits and pockets in pillars. This is discussed
further in Appendix F,
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Table VII-3

PILLAR STRENGTH

] ' Referenced
Description Author Formula Symbol (Appendix F
Pillar Strength Holland-Gaddy Ky = 65%%———— T = bed thickness

ﬂl - . .
W s?allest lateral dlgen51on I - 13
S = Pillar Strength (psi)
C1 = Tabled compressive strength
Pillar Strength Morrison, S* Cy = Crushing strength (psi) I -15
Corlett & Rice Ky = E——‘\Ijﬁ:_
2
Pillar Strength Obert (modi- K3 = E§—(1.29+4.50—%%0 C3 = Average Strength (psi) ‘I - 16
fied by 3 T = H (height of pillar)
Holland) '
Room Span to ; kg = Y iD — io i gompre:sive strength of coal I f
Pillar Strength -1D (L4+W) = span ol room i
D = Overburden ]
11
Pillar Strength S B N ) .
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4. COMMENTS AND RECOMMENDATIONS

Appendix F was designed to summarize the relevant theory as
it applies to coal mining and to utilize it to solve a variety of
problems observed during the underground studies. The theory is
rigorous by design and will, therefore, be difficult to read and
absorb. In order to enhance the reading, however, each theory
has been illustrated with examples. It is recommended that the
reader at a minimum leaf through the examples, for many interesting

problems are defined and solved there.

Within the constraints of this study the rock mechanics survey

had to be limited to a literature survey. It is recommended that:

. research be continued on all aspects of rock mechanics
related to coal mines with particular emphasis on the
South African in-situ studies by Grobbelaar,

. an expanded study be conducted on pillar strength as
it applies to U.S. mines regionally,

. an operating retreat mining section be established to
' test the validity of theories empirically, and

. reference material and calculating devices be developed
with which inspectors, both company and MESA, can easily
calculate relative safety factors for a variety of
situations, routinely encountered.

VII-8
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night

maintenance shift, etec.

8) 7-8 hr 10) 9-10 hr
9) 8-9 hr 11) > 10 hrs

Variable Computer
Number Level Description
017 COURSES What training or safety classes are offered?
0) none
1) firstaid - First aid
2) acc prev - Accident prevention
3) fa/ap - First aid and accident prevention
4) rescue - mine rescue
5) safety - safety
6) roofcont - Roof/ground control
7) fa/safty - First aid and safety
8) haulage - Haulage safety
9) oth/comb ~ Other courses or other combinations of above -
022 HOUR~-ACC Time of Day When Accident Occurred
0) unknown 5) 4-5 am 10) 9-10 am 15) 2-3 pm 20) 7-8 pm
1) 12-1 am 6) 5-6 am 11) 10-11 am 16) 3-4 pm 21) 8-9 pm
2) 1-2 am 7) 6-7 am 12) 11-12 noon 17) 4~-5 pm 22) 9-10 pm
3) 2-3 am 8) 7-8 am i3) 12-1 pm 18) 5~6 pm 23) 10-11 pm
4) 3=4 am 9) B8-9 am 14) 1-2 pm 19) 6-7 pm 24) 11-12 mid-
023 ACCSHIFT On Which shift Did Accident Occur?
0) maint - Maintenance shift (no production)
1) first - First production shift
2) second - second production shift
3) third - Third production shift
4) other - Idle day, not regular production,
5) preshift ~ Preshift examination
6) n.s. - Not stated
025 HRSWORK Number of Hours Victim Worked Prior to Accident
0) unknown 2) 1-2 hr 4) 3-4 hr 6) 5-6 hr
1) 1 hr 3) 2-3 hr 5) 4-5 hr 7) 6-7 hr
026 FATALS Number of Fatalities Resulting from Accident
1) 1 3) 3 5) 7) 7-10 9) 21-30
2) 2 4) 4 6) 6 8) 11-20 10) 31-99
027 INJURED Number of Persons Injured
0) 2) 2 4) 4 6) 6 8) 8
1) 3) 3 5) 5 7) 7 9) 9
028 NONFATAL Number of "lucky" nonfatalities; i.e., persons injured

0-9 same as #27

or nearly

killed. If a worker had been near the edge
of a massive roof fall but escaped injury, he was
counted as a "lucky" nonfatality. '
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CODING STRUCTURE

FOR

1966-1973 FATAL ACCIDENT DATA BASE
SORTED FOR RETREAT MINING

Variable Computer
Number Level Description
006 SEAM HGT Average Thickness of Coalbed (Inches)
O)n.s. 4) 43-48 8) 73-84
1) 1-30 inch 5) 49-54 9) 85-96
2) 31-36 6) 55-60 10) 97-108
3) 37-42 7) 61-72 11) > 108 inch
011 METHOD Mining Method(s) Used to Produce coal Throughout Mine
0) handload - Report only stated that coal was loaded by hand
1) handmine - No machinery; pick/shovel only
2) s.b./h.1. - Blasted off the solid (no undercutting), hand loading
3) s.b./m.1. - Blasted off the solid, machine loaded
4) conv/h/1. -~ Conventional mining (undercut, blast), hand loaded
5) conv/m.l. - Conventional mining (undercut, blast), machine loaded
6) conv/ham - Conventional mining, hand and machine loaded
7} cont-r/b - Continuous mining (ripper or borer)
8) conv/cnt - Conventional and continuous mining (ripper, borer)
9) longwall - Longwall system
10) conv/lon -~ Conventional and longwall units
11) cont/lon - Continuous and longwall units
12) mechload -~ Report only stated that coal was loaded mechanically;
' could be conventional or continuous
13) auger ct - Auger-type continuous mining
14) auger/cv -~ Auger and conventional mining
15) cont-ns - Continuous mining; specific type machine not stated
16) cont-=/cv - Continuous and conventional mining; type of
continuous mining machine not stated
012 STATUS Stage of production in life of mine
0) n.s. - Not stated

1) new open
2) re-open
3) advance
4) adv/ret
5) part pil
6) ful pil
7) lgw adv
8) lgw ret
9) p&f pil

- Opening new mine

- Re-opening abandoned/closed mine

- Development stage (advance), not extracting pillar

- Some sections advancing, some on pillar recovery

- In retreat; however, pillars only partially recovered
- In retreat, pillars fully recovered

- Longwall advance

- Longwall retreat

- Partial and full pillar retreat (varies with section)
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Variable Computer
Number Level Description
035 0) usbm - U.S. Bureau of Mines
1) mgt - Management
2) supvisr - Victim's immediate supervisor
3) vic-mgt - Victim (supervisory or management level)
4) vic-wkr - Victim (worker level)
5) othr wkr - Other worker
6) othr per - Other person
7) no one - No one
8) unknown - Information was not sufficient to judge
9) combo - Combination of above
039 WKRCYCLE During Which Work Cycle did Accident Occur?
0) n.s. - Not stated
1) solblast - Blasting off the solid
2) loading - Hand or machine loading
3) undercut - Undercutting
4) facedril - Face Drilling
5) faceshot - Shooting the face
6) contmine - Continuous Mining
7) bolt/sup - Roof drilling/bolting; setting support
8) shuttle - Hauling coal by shuttle car
9) other ~ Other, such as removing a roof fall, repair
041 INJ FREQ Injury Frequency Rate per Million Manhours
0) 0-10.0 4) 40.1-50. 8) 80.1-90.
1) 10.1-20. 5) 50.1-60. 9) 90.1-100.0
2) 20.1-30. 6) 60.1-70. 10) > 100.0
3) 30.1-40. 7) 70.1-80.
042 VIC JOB Job Classification of Victim
0) brakeman - Mainline locomotive brakeman
1) ¢/m op -~ Continuous miner operator
2) c¢/m help - Continuous miner helper/jacksetter
3) beltman - Conveyor beltman, boomman (any job directly
associated with conveyors)
4) cutter 0 ~ Undercutting machine operator
5) cutter h - Undercutting machine helper
6) fac dril - Face driller
7) electrcn - Electrician
8) engr-tec - Engineer, technical (I.E., etc.)
9) genl 1lbr - General laborer
10) handload -~ Hand loader
11) loadm o - Loading machine operator
12) loadm h - Loading machine helper
13) longwall - Longwall crew man (shearer operator, beltman, chockman,
etc.)

14) Mechanic - Mechanic, repairman (excludes electricians)
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Variable Computer
Number Level Description
029 TYPE ACC General Classification of Accident Type
0) rf fall - Roof fall
1) rb/fc fl - .Rib/face/overhang fall
2) machinry - Equipment/machinery accident other than haulage
‘(i.e., continuous miner)
3) haulage - ‘Accident involving haulage of coal or men (main-
line, shuttle , mantrip, etc.)
4) intm tvl - Intramine travel (carrying supplies,; mine inspection,
nonhaulage travel via tractor, jitney, shuttle car, etc.
5) electric - Electrical accident - includes those occurring on
haulage equipment
6) explosiv - Explosives/ shot firing accident
7) exploson - Explosions caused by natural combustion (methane)
8) bumps - Bumps or bursts of face or ribs
9) other - All other accidents not falling into above categories
‘(fall of person, flying objects, fires, inundations)
030 LOCATION Part of Mine in Which Accident Occurred
0) Main ent - Main entry or air passageway (portal area, etc) where
area is larger and better supported due to heavy travel.
1) face adv ~ Face area in advance stage of mining
2) xcut adv - Crosscut in advance area
3) int adv - Intersection in advance area
4) face pil - Face area in retreat or pillar recovery work
5) int pil -~ Intersection in retreat area
6) xcut pil - Crosscut in retreat area
7) mainhaul - Mainline haulageway
8) sec haul - Secondary haulageway - area de51gnated for regular or
heavy shuttle haulage
9) abandond - Abandoned area of mine - o0ld workings, gob, etc.
031 ACCMETH Mining Method in Effect at Accident Site or Section
0) n.s. - Not stated
1) hand - Hand mining (pick and shovel)
2) s.b./h.1. - Blast off the solid, hand loaded
3) s.b./ m.1 - Blast off the solid, machine loaded
4) conv/h.1. - Conventional mining hand loaded
5) conv/m.1. - Conventional mining machine loaded
6) cont ~ Continuous mining
7) longwall - Longwall mining
8) auger ct - Auger continuous mining
9) cont-ns - Continuous mining; specific type machine not stated
035 WHO PREV Who Was in the Best Position to Have Prevented the

Accident (not necessarily to blame for it)?
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Variable Computer
Number Level Description
051 VIC SUB Was Victim Substituting in Any Way?
0) no
1) crew Substituting on crew but at regular job (roof bolter
brought in from another shift/section)
2) task Substituting at different job on regqular crew
3) equip Substituting on equipment such as at lunch (foreman
’ operating miner)
4) n.s. Not stated
5) temptask Temporarily performing task outside normal duties
6) diff eqp Operating a different piece of equipment (different
shuttle car as opposed to regularly assigned car)
7) combo Combination
053 VIC DO What Was the Victim Doing at the Time of the Accident?
0) brush f1l Brush floor
1) brush rf Brush roof
2) chang bt Change bit (c¢/m or bolter)
3) chang dr Change drill
4) clean bt Clean bit
5) Clean rb Clean rib
6) clean up Clean up (shovel up loose coal)
7) cont min Continuous mine (operate)
8) dmp shut Dump shuttle (unload)
9) drl xtnd Extend drill (bolter)
10) drl face Drill face
11) drl roof Drill roof
12) mty dbox Empty dustbox
13) xtnd cnv Extend conveyor
14) elecmain Electrical maintenance
15) get redy Get ready (for work element)
16) handload Hand load
17) hangtube Hang tubing
18) hookwire Hookup wires (shot firing)
19) nsrtbolt Insert bolt
20) nsrt chg Insert charge (shot firing)
21) nspt egp Inspect equipment
22) insp min Inspect mine
23) op load Operate loader
24) jack set Set hydraulic jack (temp)
25) jack rel Relocate hydraulic jack
26) jack rmv Remove hydraulic jack
27) nv cable Move cables
28) mrk hole Mark hole (for shot firing)
29) machmain Machine maintenance (repair)

30)

machsrvc

Service machine (oil, etc.)
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variable Computer
Number Level Description
042 15) minrhand - Hand Miner (pick and shovel man as opposed to
hand loader)
16) motorman - Mainline motorman, locomotive operator, mantrip
operator, etc.
17) r duster - Rock duster
18) rf bolter ~ Roof bolter
19) shotfire ~ Shot firer
20) shuttle - Shuttle car operator
21) timbrman - Timberman (support man, prop man)
22) trackman - Trackman (track layer, track maintenance, etc.)
23) vent man ~ Ventilation man (brattice man)
24) car load - Car loader (at shuttle unloading point - mainline
haulage)
25) tractr - Tractor operator (battery-powered)
26) supplymn - Supplyman, utility man
27) wrk supv - Working supervisor - immediate supervisor for
crew (assistant section foreman, section foreman)
28) gen supv ~ General supervisor (mine foreman, superintendent,
owner)
29) fireboss - Fireboss
30) examiner -~ Mine examiner
31) nonmine - Nonmine personnel
32) other - Other
046 MINE EXP Victim's Experience at that Mine in Years/Months
0) <1 mo 4) 6 -12 mo 8) 5 ~15 yrs
1) 1-2 mo 5) 1 -2 yrs 9) 15 -25 yrs
2) 2 -4 mo 6) 2 -3 yrs 10) »25 yrs
3) 4 -6 mo 7) 3 -5 yrs 11) n.s.
047 JOB EXP Victim's Experience at his Job Classification in
years/months
0) < 1l mo 4) 6 -12 mo 8) 3 -5 yrs
1) 1 -2 mo 5) 12 -18 mo 9) 5 =10 yrs
2) 2 -3 mo 6) 18 -24 mo 10) > 10 yrs
3) 3 -6 mo 7) 2 -3 yrs 11) n.s.
050 TRAINING Type of Training Victim had for Job
0) n.s. - Not stated
1) cert/for - Certification/formal training
2) ojt reg ~ Regular on the job training - well supervised and
watched
3) ojt sub - On the job training by substituting off and on

4)

lunch hr

Learned through idle time or lunch-time operation
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Variable Computer
Number Level Description
053 81) escaping - Escaping hazard
82) unknown - Unknown
83) rep pole - Replace trolley pole
84) crosbelt - Crossover {conveyor)
85) walkwork - Walking to or from work area
057 UNSAFPOS Was the Victim Knowingly in an Unsafe Position

(Under unsupported roof)?

0) no 1) yes 3) unknown

058 JUDGMENT Did the Victim Exercise Poor Judgment in his Course

0) no 1) yes 3) unknown

059 ALONE Was the Victim Working Alone?

0) no 1) yes 3) unknown

060 MEN WARN Was the Victim Warned of a Dangerous Situation by
Other Men?
0) no
1) yes - 1) Victim had a warning but ignored it
2) unknown
3) yes, no time - 3) Victim had a warning but not enough time to escape
061 MINEWARN Did the Mine Environment Give any Warning of Impending

Danger? (Applicable mainly to roof falls)

0} no - Mine gave no warning
1) yes~ign - Mine gave warning but victim ignored it
2) unknown — Unknown
3) yes-no time - Mine gave warning but victim had no time to escape
4) drummy ~ Roof had a drummy sound when tested
5) dribble ~ Dribbling roof material
6) cracking ~ Roof made cracking sounds
7) sagging ~ Roof was sagging; posts took on weight
8) working roof - Roof was working
9) combo ~ Combination of above
062 WKRECORD What was tae Victim's General Work Record Like?
0) safe - Considered a safe, cautious worker
1) conscien - Considered to be conscientious and conservative

about work and material - takes risks to save
material/equipment

2) careless - Considered careless/unsafe in his work habits
3) n obey - Record of disobeying orders, warnings or
established procedures
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Variable Computer
Number Level Description
053 31) mrk roof Mark roof (for bolting)
32) meth tst Methane test
33) pos egpt Position equipment
34) pry £/r Pry face/rib (scale)
35) rockdust Rock dust
36) prop set Set temporary support
37) prop rel relocate temporary support
38) prop rmv Remove temporary support
39) rev wire Recover wire (shot firing)
40) set brat Set Brattice
41) shootcol Shoot coal
42) shootflr Shoot floor
43) cleanfal Clean-up fall
44) sweepflr sweep floor
45) survey 1 Survey layout
46) scale rf Scale roof
47) sweepunc Sweep undercut
48) sump Sump
49) testhole Drill test hole
50) tram in Tram in
51) tram out Tram out
52) tgt bolt Tighten bolt
53) testroof Test Roof
54) transupl Transport supplies
55) undercut Undercut (operate)
56) cut vert Cut vertically
57) rick set Set rope (winch) jack
58) rjck rel Release rope (windh) jack
59) rijck tgh Tighten rope (winch) jack
60) handpick Use hand pick
61) shutl op Operate shuttle car
62) jitny op Operate jitney
63) trctr op Operate tractor
64) mainln o Operate mainline haulage equipment
65) mantrp o Operate mantrip car
66) tracklay Lay/maintain track
67) suprvise Supervise
68) observe Observe operations
69) idle Idle (eat lunch, sit down, etc.)
70) ride Ride equipment
71) coup.unc Couple/uncouple mine car
72) switchin Switch tracks
73) sprag/bl sprag/block/chock mine car
74) crlod/ul Load/unload mine car
75) rerailng Rerail equipment
76) other Otherxr
77) - -
78) signalng Mainline signaling
79) rcv mt/e Recover/retrieve material/ equipment
80) belt op Operate conveyor belt
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Variable Computer
Number Level Description
066 AWR VIC Was the Supervisor Aware of What the Victim was Doing?
(answered only if victim was doing something unsafe or
0) no 1) vyes contrary to usual practice)
2) unknown
067 APPROVE If the supervisor was Aware of the Victim's Activity ,
did he approve, either verbally or through lack of
0) no admonition (e.g., did not reprimand bolter who was
1) yes bolting out of sequence)?
2) unknown
068 INST FLWD Were the Supervisor's Instructions, Pertinent to the
Incident, followed?
0) no
1) vyes
2) not give - 2) Instructions not given pertinent to the accident
3) unknown ~ 3) Unknown if followed or given.
069 AWR COND Was the Supervisor Aware of the Mine or Situation?
condition (e.g., the support was bad, the roof was
0) no weak, the equipment was faulty)?
1) yes
2) unknown
074 ACC CLAS Classification of Equipment Accident
0) mainhaul - Mainline haulage of coal
1) mantrip - Mantrip accident
2) sec haul - Secondary haulage - shuttle, tractor/trailer, etc.
3) intm tvl -~ Intramine travel - supplies, repair, inspection on
tractor, jitney, or shuttle
4) mach mov - Moving face machinery - tramming loader, miner in
action, etc.
5) mach sta - Stationary equipment - being repaired, conveyor
belt, etc. g
6) elecmain - Mainline haulage electrical accident - usually trolley i
wires
7) elec oth - Electrical repair or other electrical accident
8) other ~ Any equipment accident not falling in above categories
9) rf fall - Roof fall as a result of equipment operation or handling
079 ACCNATUR Nature of Accident
0) rf/crush - Hit or crushed by roof or roof projection
1) ovrhg ht - Hit or crushed by roof-rib overhang
2) ribcrush - Hit or crushed by post or side obstruction
3) post hit - Hit or crushed by post or side obstruction

4) mach-mac

5) pin undr

-~ Machine-machine collision - crushed between or
caused by

- Pinned under falling equipment (i.e., blocked up
for repairs)
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Variable Computer
Number Level Description
079 6) run over - Run over by equipment - either thrown out or
standing near
7) mvprt ht - Hit by moving part (auger, drill head, boom, etc.)
8) elec con - Electrical contact
9) other - Other
092 MAINPART If Maintenance Was Involved, What Part of the
Equipment Needed Maintenance?
0) lights - ’
1) brakes -
2) controls - Steering, acceleration, etc.
3) seating -
4) commun - Communication equipment
5) electric - Blectrical system
6) hydraulic - Hydraulic system
7) mechanic - Mechanical breakdown
8) other - Other
9) combo - Combination of above
095 PROTMISS What Type of Protective Device Failed or was Missing?
0) derail £ - Derail failed
1) derail m - Derail not there or used
2) guard - Guards needed for side/frontal protection
3) signals ~ Lights, warning devices needed
4) self off - Self return to neutral power needed
5) refl mat - Reflective material to indicate position of projection
(bolts behind brattice, for instance)
6) crossove - safe crossover facility, especially at conveyor
7) emrgbrak - Emergency brakes failed or not there
8) elecprot - Electrical protection missing, such as ground
cover, etc.
9) weelstop -~ Mine car wheel stopper (block) failed
100 OPERATON If Improper or bad Operation was Involved, What was

0) lostcont
1) xces spd
2) n fac tv
3) tooclose
4) n clear

5) inattn

6) n stop-id
7) use impr

8) nwarn ap
9) fault eq

Wrong?

- QOperator lost control

~ Excessive speed for conditions

~ Did not face direction of travel

- Followed other equipment too closely

- Did not check if path was clear of people, equipment,
etc,

- Inattention (not watching roof conditions/ clearance
closely

- Did not turn off equipment when idling or stopped

- Used equipment improperly (backing into trailer
with tractor to prevent rolling away, etc.)

- Did not warn of approach when could have

- Knowingly operated faulty equipment
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Variable Computey
Number Level Description
4
’ 101 OP_QUALF Was the Operator Qualified on that Equipment?
0) n~-ntrain - No, had no training
1) n-subst - No, was substituting on it
2) y-regop - Yes, was the regular operator or operated regularly
as part of job
3) y-train - Yes, had training on equipment
4) y-sub - Yes, was substitute operator
5) y-mgt - Was considered qualified by management per report
6) unk-sub - Was substituting, qualifications not stated
7) d-smtran -~ Debatable - had some training ’
8) - - '
9) n.s. - Not stated
105 VISIBILITY If visibility was a Factoxr, What Were Conditions?
0) n.s. -
1) good -
2) brattice - Brattice obstructed vision
3) curve - Curve in passageway prevented seeing ahead
‘ 4) lighting - Lack of or insufficient lighting/lighting too
| strong (blinding headlight)
% 5) position - Operator's position obstructed vision (low coal,
leaning around side to see ahead)
6) nface tv - Did not face direction of travel; thereforé,
visibility poor
7) dust ~ Excessive amounts of dust reduced visibility
107 MOV TYPE For Haulage or Moving Machinery Accidents, What
Was the Nature of the Accident Cause?
0) derail -~ Equipment derailed
1) ml coll ~ Collision of mainline equipment (2 locomotives)
2) mve coll - Collision with moving equipment (shuttle and
moving loader)
3) side col - Collision with rib or side obstruction (post, etc.)
4) pkdequip - Collision with parked equipment
5) runaway - Runaway haulage equipment (mine cars, etc.)
6) fall/jmp - Victim fell or jumped from moving equipment
7) knockout - Victim was knocked out of equipment (post caught
leg and victim was pulled out)
8) run over - Victim was run over (had been outside machine
. prior)
9) top coll - Collision with roof or roof projection
120 MAJ CAUS What Was the Major Cause of the Accident?
0) imp proc - Improper work procedures
1) n qualf - Worker not qualified

2) nflw reg - Worker not follow regulations
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Variable Computer
Number Level Description
120 3) nflw war - Worker not follow warning
4) n supvsn - No or improper supervision
5) no plan - No mine policy or plan established/no instruction
6) imp oper - Improper equipment operation
7) maint - Lack of proper maintenance
8) eqgptfail - sudden or unforewarned equipment failure
(power went out)
9) canopy - Lack of protective canopy
10) guard eq -~ Lack of equipment guards
11) guard el - Lack of electrical guards
12) lighting - Poor or lack of 1lighting
13) visiblty ~ Poor visibility
14) seat pos - Seating position
15) contrl p - Controls position
16) contrl r - Control response
17) signal/w - Lack of signals or warning device
18) op-loc - Location of operator
19) oth desg ~ Other design deficiency
20) no seat - Lack of seating facilities
21) unsf pos ~ Victim placed himself in an unsafe position
22) inattn -~ Inattention of victim or operator
23) n enf sp - Not enough roof support/improper roof support in
accident area
24) imp brak - Improper or lack of braking device
25) wkr comm ~ Communication
26) clearanc - Faulty clearance
27) nenf reg - Regulations or policy there, but insufficient
28) ndeenrgz - Not de-energize or shut-off equipment
29) imp tool - Improper work tool
30) bd floor - Bad floor conditions
31) imp block - Improper blocking up of equipment for repair
32) n use sf - Did not use safety feature present on equipment
33) - -
34) - -
124 TYP FALL Type of Fall
0) rf-fac a - Roof - face/advance area
1) rf-fac-r - Roof - face/retreat area
2) rf-fac o ~ Roof face/other/unknown
3) rf-inter - Roof - intersection area
4) rf-other ~ Roof ~ other area
5) rbf-face - Rib fall - face area
6) rbf-intr - Rib fall - intersection area
7) rbf-othr - Rib fall - other area
8) ovhg-fac - Overhang fall - face area
9) ovhg-oth - Overhang fall - other area
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Variable Computer
Number Level Description
126 IMM ROOF Immediate Roof Composition
0) n.s. Not stated
1) fireclay Fire clay
2) shal lam Laminated shale
3) shalfrac Fractured shale
4) drawrock Draw rock
5) bonecoal Bone Coal
6) sandston Sandstone
7) snstshal Sandstone and shale mixed
8) coal Coal
9) oth/comb Other or combination
129 BAD COND If Applicable, the type of bad roof condition
Present that Contributed to the Accident?
0) n.s. Not Stated
1) clayvein Clay veins/spars
2) slip/flt Slips/faults
3) oth/comb Combination/other
4) hrsbk/kb Horseback/kettlebottom
5) cracks Cracks/joints/fractures
6) slknside Slickenside
7) roofchng Change in roof composition
8) prev fal Previous roof fall
9) drawrock Draw rock - very poorly consolidated rock
130 STEP TKN If Aware of Bad Condition in Particular, What
Steps Were Taken?
0) n.s. Not stated
1) none gen Knew it was a bad area in general, but no
special care taken
2) none spc Knew particular bad condition existed, but
no special steps taken
3) xtrabolt Extra bolts used
4) xtrapost Extra posts used
5) xbarbolt Used crossbars/ bolts
6) xbarpost Used crossbars/posts
7) xtracrib Used extra cribs
8) stopmine Dangered off area, ceased mining, etc.
9) atmptfix Tested, scaled, etc. until thought safe
133 HOW TEST What Method Was Used to Test the Roof?
0) n.s. Not stated
1) visual Visual test only
2) sv/+tool Sound and vibration - using proper roof test
tool (hand/bar)
3) sv/-tool Sound and vibration - improper tool
4) sv/?tool Sound and vibration - unknown tool
5) sound

Sound method only
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Variable Computer
Number Level Description
135 IMP EQOP If Equipment Operation Was Involved, How Was it
Improper?
0) hit supt - Accidentally knocked out support with equipment
1) rem supt - Purposely knocked out support with equipment
2) unsf pos - Purposely knocked out support with equipment
3) xces cut - Cut too deep for safe loading (conventional
mining) :
4) xces c/m - Continuous miner run too deep for operator to
remain under supported roof
5) thin rib - Cut the fender too thin - decreased natural support
6) imp bolt - Improper bolting sequence such that bolter exposed
to unsupported roof or support not effectively
provided.
143 VIC-FALL Victim's Position in Relation to the Fall
0) n.s. - Not stated
1) inby edg - Inby edge
2) outbyedg - Outby edge
3) rib edg - Rib edge
4) center - Center
5) off cent - Off center
144 EXPOSURE Victim's Exposure Nature
0) n.s. - Not Stated
1) unsp unc - Under unsupported roof unnecessarily (repairing
machine under unsupported roof)
2) unsp nec ~ Under unsupported roof necessarily (set temporary
support, test roof)
3) perm com ~ Under permanent support in compliance with
roof control plan
4) prm ncom - Under permanent support which did not comply
with roof control plan
5) temp com - Within temporary support set in compliance
with plan
6) tem ncom - Within temporary support not set in compliance
to plan (too few posts)
7) set temp - In act of setting temporary support - not fully
protected yet
8) no adjst -~ Under support in minimal compliance with plan
but not adjusted for faulty conditions present
9) selfsupt - Under roof considered self-supporting
146 FAIL NAT Failure Nature if Permanent or Temporary Support

0) n.s.

- Not stated
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Variable Computer
Number Level Description
146 1) selfsupt Failed when no support was required - self
supporting roof
2) bv anchr Failed above anchorline of bolts
3) at anchr Failed at anchorline of bolts
4) lw anchr Failed below anchorline of bolts
5) spall Spall between bolts
6) at splin Fell inby or at the permanent support line
7) overperm Fell over permanent wood support
8) overtemp Fell over temporary support
9) btw wood Fell between wood supports
166 TYP PILR Type of pillar cut/extraction
0) n.s.
1) wing
2) pocket
3) lift
4) stump
167 % PIL RMV Percent of pillar block removed
0) n.s.
1) none
2) 1-10%
3) 11-20%
4) 21-30%
5) 31-40%
6) 41-50%
7) 51-60%
8) 61-70%
9) 71-80%
10) 81-90%
11) 91-100%
173 TYP AREA Type of Area
0) n.s. - Not stated
1) mainhaul ~ Mainline haulageway
2) crosscut - Crosscut in working section
3) gob/pil - Gob/pillar area (old)
4) mainenty - Main entry (belt, air, etc.)
181 TYP SUPT Type of Roof Support Directly in Front of Rib Fall
0) none -
1) ribposts - Rib posts
2) temposts- - Temporary posts
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Variable Computer
Number Level Description B
186 WHT CAUS If Applicable, What Led to Overhang or Irregular
Condition?
0) n.s. - Not stated
1) irr ucut - Irregular undercutting
2) irr cm - Irregular continuous mining
3) irr blst - Irregular blasting
4) longwall - Long wall mining method
5) prev fal ~ Previous roof fall
6) eq match - Equipment mismatched (cutter cut deeper than
blast holes, leaving overhang)
191 SUPVTEST If Applicable, When Did a Supervisor Last Properly
Test the Rib? (If prior to last test)
0) n.s.
1) never
2) 0-15 min
3) 16-30 min
4) 31-60 min
5) 1-1.5 hr
6) 1.6-2 hr
7y 2.1-3 hr
8) 3.1-4 hr
9) 4.1-6 hr
10) 6.1-8 hr
11) > 8 hrs
192 UNSFCONI Primary Unsafe Physical Conditions that Contributed
to Accident
0) n.s. - Not stated
1) none - None
2) inadq ps - Not enough permanent support
3) inadqg ts - Not enough temporary support
4) no supt - No sunport
5) xces wid ~ Excessive entry width
6) xces dep - Excessive cut depth
7) unuscond - Unusual conditions present (bad roof, faults)
8) imp pilr - Improper pillar extraction (out of sequence cuts)
9) no scale - Loose material; not scaled/supported or improperly
scaled
10) no plan - No plan to cover event
11) lacktool ~ No proper tools/material available or used
12) spt dlay - Excessive delay in setting support
13) rmv supt - Support removed - accidentally/purposely
; 14) irrblast - Irregular blasting
15) n rpl sp ~- Did not replace deteriorated support

16)

other

- Other
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Number Level Degcription
) 194 UNSF ACI Primary Unsafe Act by Victim That Contributed to
Accident
0) n.s. - Not Stated
1) none - None
2) no test - Tested improperly or did not act
3) condajus - Did not adjust for conditions
4) no scale - Did not scale loose material
5) hit supt - Removed support accidentally
6) rmv supt - Removed support pﬁrposely
7) imp eqgop -~ Improper equipment operation
! 8) dvia sop - Deviated from standard operating procedure
- ~ 9) not obey - Did not follow warning/ihstructions
10) sftydvic - Did not use safety devices
11) unsp rf - Proceeded under unsupported roof
12) unsf pos -~ Placed self in unsafe position
13) n up spt - Did not put up support
14) n mv ep - Did not move equipment to safe place
196 PERSNALIL Primary Personal Factors in Regard to Victim that Con-

tributed to Accident

0) n.s. - Not stated
. 1) none - none

S 2) lcktrain - Lack of training
3) 1lck warn - Lack of warning/instruction
4) 1lck supv - Lack of supervision
5) imp attd -~ Improper attitude
6) ignr rul - Willful disregard of rules
7) n folo r - Unconscious disregard of rules

SUPPORT
204 PLANSTAT Support Plan Status Relative to Approval by USBM

0) n.s. - Not stated <
1) none — None
2) verbal - Verbal plan only -~ not submitted for approval
3) sub-napr - Submitted, not USBM approved yet :
4) approved - USBM approved 3
5) pstd-?ap - Posted at mine, not stated if USBM approved i
6) not aprv - Not approved (submitted and rejected by USBM)

| 214 TYP PERM Type of Permanent Support Used
0) n.s. - Not stated
1) not yet - None set yet
2) noneself - None - self supporting

3) boltonly Bolts only
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Variable Computer
Number Level Description
214 4) blt/xbr - Bolts/crossbars (straps)
5) blt/post ~ Bolts/rib posts
6) bl/xb/po - Bolts/crossbars/posts
7) blt/crib - Bolts/cribs
8) bl/xb/cr - Bolts/crossbars/cribs
9) arches - Arches (H bars, etc.)
10) rib post - Rib posts only
11) pst/xbar - Rib posts/crossbars
12) pst/crib - Rib posts/cribs
13) po/xb/cr .= Rib posts/crossbars/cribs
14) tempjack ~ Temporary hydraulic jacks only
15) temppost - Temporary wood posts only
16) sprags - Sprags
17) brkrpost - Break posts/permanent support
18) crb/xbar - Cribs/crossbars
19) other - Other
245 TS PLAN Was Temporary Support Spaced According to
Temporary Plan?
0) n.s. - Not stated
1) no plan - No plan
2) No comp - Non-Compliance to plan
3) complian - Compliance to plan
300 Year - Pillaring only
1) 1972 - 1972
2) 1973 ~ 1973
3) 1974 - 1974
301 METHOD Method
1) oe - Open end
2) sf - Split and fender
302 SPLIT Pillar Splitting At Time of Accident
1) ves - Yes
2) no - No
303 WIDTH Maximum Width of Pjillar Split (in feet)
1) le - LE plan
2) eq - E to plan
3) gt - GT plan
304 ROOF FALL Roof Fall - At What Phase of Pillar Split?
1) drive - While driving split

2) at face

- At face of fender
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Variable Computer
Number Level Description
304 3) rem fend - While removing fender
4) set temp - While setting temporary posts
5) set xbar - Setting crossbars
6) set bolt - Setting bolts
7) cut bar - While cutting barrier block
8) Routine - Routine testing/clean up
305 ROOF TEST Was Roof Test Deemed Adequate?
1) yes - Yes
2) no - No
306 TOP COAL Did Top Coal Preclude Proper Roof Testing?
1) yes - Yes
2) no - No
307 WORK Did Roof "Work" Before Fall
1) yes - Yes
2) no - No
308 SAVE EQUIP Did victim Attempt to "Save" Equipment?
1) yes ~ Yes
2) no - No
309 UNDRSTND Did victim/Workman Fully Understand Roof Control Plan
1) yes - Yes
2) no - No
310 TRAIN Training
1) Suff - Sufficient
2) insuff ~tInsufficient
3) none
311 FENDER Fender Crush
1) Partial
2) Total
3) n.s.
312 TIME UNSP Length of Time Roof Unsupported (in hours and
Fractions i.e., 2.5 hours)
313 LFTWDTH Pillar Lift Widths (in feet)
314 INSTRUCT Roof Control Plans Taught to Workers/Victim
1) ves - Yes
2) no - No
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Variable Computer
Number Level Description
315 SF/OE Could S & W Method Been Used in Lieu of OE?
1) vyes
2) no
316 QE/SF Could OE Method Been Used in Lieu Of S & W?
1) y - Yes
2) n - No
3) unk - Unknown
317 PREVENTION Could Smaller Lifts/Splits/Pushouts Prevent Acci-
dent
1) ves
2) no
318 SEQUENCE Was Suitable Sequence for Extracting Pillar Blocks
Made?
1) yes
2) no
319 TEMPSUPP Would More Temporary Supports Reduce the Likeli-
hood of a Fall?
1) yes
2) no
320 ADJ PILLAR Was Adjacent Pillar Cut - % Cut Raw Data - 0-100%
321 BARBLOCK Were Barrier Blocks Used Adjacent to Gob Area
322 # WORKERS No of Workers in Fall Area Immediately Prior
to Fall Raw Data
323 MULTI DIR Was Pillar Block Mined From Multiple Directions?
1) yes - Proper method
2) yes -~ Improper method
3) no - Incompliance w/ plan
4) no - compliance to plan
324 POSITION Was victim inby/outby Machine and Face or Rib?
1) inby
2) outby
325 YEAR Year of Accident
1966 1970
1967 1971
1968 1972
1969 1973



APPENDIX B




Appendix B
Page 1 of 7

MATRIX OF VARIABLES ANALYZED

The following pages show each of the fatal accident variables
L that were analyzed. These are provided to the reader in order
- that he might understand the scope of the fatal accident analysis.
Details on why specific relationships were analyzed or excluded
are available at JJDA.

The following sheets are organized according to the overlay
which follows this page. Each sheet is numbered and the entire
matrix can best be envisioned as being layed out on a flat sur-

face in accordance with the overlay.
The matrix coding is as follows:

Vxxx designates the variable analyzed. These are
each described in detail in Appendix A;

. Frequency distributions were run for each variable
designated by a "F";

. Crosstabulations were run for each pair of variables
designated by a "C"; and

V;‘ o . All analysis was omitted for variables or pairs of
variables designated by an "O".

Analysis was omitted for numerous reasons. These include:

- . poorly defined variables,
. small sample sizes, and

lack of a relationship between variables.
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OVERLAY OF THE MATRIX VARIABLES ANALYZED
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MATRIX OF VARIABLES ALALYZED - IT
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F4ace SECONDARY SEAM PRODUCTION
LOCATION MINE SYSTEM PILIAR SYSTEM HAUIAGE HAUIAGE HEIGHT  (TPY) MIL.
{ T - T .
West Virginia Continuous ; Split and Fender | Shuttle Belt 60" 1.1 |
; car 9
. f
West Virginia Conventional i Open End Shuttle Belt 46" .7
Car
Pennsylvania Continuocus Pocket and TShuttle
Wing Car Rail 68" 2.0
Pennsylvania Continuous Split and Shuttle Rail 72" .6
‘ Fender Car
[i
Pennsylvania Continuous Pocket and Shuttle Belt 78" 1.6
Wing Car
Pennsylvania Continuous Pocket and Shuttle Rail 40" 1.4
: Wing Car
Pennsylvania Continuous Pocket and Shuttle Belt 84" i
Wing Car
Pennsylvania Continuous Partial Shuttle Belt 54" 1.6
Car
Pennsylvania Continuous Split and Belt Belt 72" .3
Fender
West Virginia Continuous Radius Cuts ‘Belt Belt 50" .5
West Virginia Continuous Radius Cuts Shuttle Belt 42" .3
Car
Virginia Continuous Split and Shuttle Belt 42" .8
Fender Car
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FACE SECONDARY SEAM PRODUCTION -
LOCATION MINE SYSTEM PILLAR SYSTEM HAUIAGE HAULAGE HEIGHT (TPY) MIL.

Kentucky Continuous Split and Shuttle Belt 96" .8
Fender Car

Kentucky Auger Open End Belt Belt 32" .1

Alabama Continuous Diagonal Shuttle Belt 48" .3
Car

Alabama Conventionai Split and Shuttle Rail 36" .1
Fender Car

Alabama Conventional Open End Shuttle Rail 4?2 .8
Car

Alabama Conventional Open End Shuttle Rail 96" .4
Car

Illinois Continuous Split and Shuttle Belt 84" 2.5
Fender Car

Illinois Continuous Split ana Shuttle Belt 106" 2.0
Fender Car

Illinois Continuous Split and Shuttle Belt 84" 2.3
Fender Car

Illinois Continuwous Partial Belt Belt 84" 4.1

Illinois Continuous Partial Belt Belt 84" 4.1

Colorado Continuous Split and Shuttle Rail 72" .6
Fender Car

Colorado Continuous Split and Shuttle Belt 84" .3
Fender Car
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FACE SECONDARY SEaAM PRODUCTION
o d
CATION MINE SYSTEM PILIAR SYSTEM HAUIAGE HAULAGE HEIGHT (TPY) MIL.
. 1
Utah Continuous none shuttle Rail 76" 1.0
Car
Utah Conventional none HD Belt 162" .3
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FIELD STUDY #1

This coal mine located in the Alabama area mined the American
seam which ranges from 25 to 50 inches. The bottom consists of
firm, sandy fire clay, making pretty good bottom conditions. Th-
immediate roof is a hard shale approximately two to eight inchas,
followed by a sandy shale main roof. Roof conditions are very
good. The American coal seam has numerous partings; however, in
the particular area observed the partings did not create any pro-
blems. The roof control plan called for full pillar recovery
following development. The rooms were driven on 75 foot centers,
the room widths were 30 feet. Cross cuts were driven on 65 foot

centers and widths were 20 feet. This left approximately 45 foot

square pillars.

The section observed used a Joy 9CM Continuous Miner with
a Wesco Shuttle Car Model 6632. The section was also equipped

with a scoop. The seam height in the observed area was approxi-

mately 40 inches.

The crew consisted of a continuous miner operator and a
helper, two shuttle car operators, a scoop operator, and two tim-
ber men, plus‘the foreman. This mine used a pillaring technique
described in Section IV. Diagonal cuts were taken through the
pillar moving from the right or the gob side to the left in such
a manner to leave a triangle stump of coal in each of three cor-
ners. Following the completion of a 1lift the miner is backed
out and repositioned for a second cut. At that time two men go
into the pillar and set posts on four foot centers throughout
the 1lift. During the course of the pillar extraction process
the foreman stays on site watching for spalling that might take
place on the triangle stumps. He also watches for any pressure

signs that might be observed on the timbers.
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The six wheel Wesco Shuttle Car is said to carry as much
as eight to ten tons. Loading times for the continuous miners
averaged one and one-half minutes. The delay time for timbering
a lift took approximately fifteen minutes. However, the con-
tinuous miner could extract an entire pillar without having to
tram to a new location to start a second cut. Production using
this system averaged approximately 325 tons of raw coal per soc-
tion shift. As pointed out before, roof conditions were ideal.,

which is probably the key to making the pillaring system work.

FIELD STUDY #2

The mine is located in Colorado and works the Allen seam

which varies from 48 to 72 inches. The coal bed slowly undulates

and progresses southwest at approximately three to seven percent

incline. The entire seam plus about two feet of coal and black i
shale are mined. The roof is extremely hazardous and very weak. ;
The section observed was equipped with a Lee Norse HH105 and two |
Joy 10SC22 shuttle cars. The section was advancing. No retreat
mining was being done at the time of the visit. The section crew
consisted of eighteen people, fifteen under the direct supervisiol
of the foreman, miner operator and helper, three roof bolters, two
steel beam men, two buggy drivers, two masons, one pipe man, <ne
mechanic, two material handlers, two beltmen (who were responsibie

te the haulage boss working on the section), and one boss.

The roof is extremely weak and as a result the section was
advancing four feet at a time and putting up a beam. The roof in
this section was supported by eight inch by eight and one-half inch
by three-quarter inch steel I beam, approximately eighteen feet
side in length, with an eight inch by eight inch by four foot wood
cross beam set on four foot centers. (See Figure D-1). The beams
were supported on either end by an eight inch diameter timber
angled to match the contour of the floor. The I beams were trans-
ported to the face by shuttle cars. The face of the beam was

grooved and placed on the head of the continuous miner. It was
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Figure D-1
lifted into place by the continuous miner. Supports were set and
the cross beams were put into place. Production at this section

averaged approximately 22 shuttle cars per shift.

The plan for pillar recovery utilizes a continuous miner and
shuttle cars. The pillar is split and mined to both the right
and left. The lifts off the fender are approximately nine feet
wide and are driven from a 45 degree angle from the piliar split.
Roof bolts are installed in the pillar split for approximately
36 feet of the 56 foot pillar. Breaker posts are set at each open-
ing to the pillared area. Temporary props are set adjacent tc the
mine operator if it becomes necessary for the operator to advance

hbeyond the bolted or supported area.

At one time this mine used three cable shuttle car system in

pillaring. They considered it very successful.

FIELD STUDY #3

This mine operates in the Alabama area. It has three operat -
ing sections. This mine does no retreat mining. Approximately 70
percent of}the coal is mined during the advance phase. They do
not attempt to recover the remaining 30 percent. This is a totally

conventional equipment mine. TIn this area they are mining the




Appendix D

Page 4 of 17
Blue Creek seam which averages approximately seven and one-half
feet. Conventional equipment is used because of the high amount
of rock in the seam of coal. It is their'opinion that using a
continuous miner under these conditions is impossible. They have
encountered extremely hard rock partings in the center of the scam
as thick as two feet. They experimented with continuous miners
on two separate occasions. Both times it resulted in an earivy

failure of the equipment.

In the past this mine did use an open end method of pillar
extraction. They did not use the multidirectional approach; rabthcy
they took a series of lifts off the gob side and then started oves
and took a second series of lifts. An example of the plan is showrn

in Chapter V.

At one time they had experimented with pillar splitting using
- conventional equipment. They felt that pillar splitting required
less timber and yielded higher recovery. With this seam of coal
using conventional methods a large charge was required to split the
rock parting. When using the open end technique, the coal would
be blasted into the gob but the rock would fall right into place.
Consequently, the coal desired was scattered all over the place
and the rock that you didn't want was right at your feet. By uti-
lizing the pillar split the solid fenders adjacent to the face
helped to contain the coal; consequently, it improved recovery
efforts. However, they continued to use the open end method in
this mine because of roof conditions which they experienced using

split and fender.

Occasionally they were mining in as great as a thirty-degree
grade. In this case, they laid track along the hill so that the
track bed was flat. Pillars would be mined above the track in a
45 degree pillar line. They would shape the pillar line so it
intersected with the track at a 135 degree angle rather than a
45 degree angle. In other words, they would not allow the pillar
line to intersect the track and create a very narrow point, as
this point would receive a tremendous amount of pressure causing

difficult mining.
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FIELD STUDY #4

This company was located in West Virginia and operated numer-
ous small mines in the area. The seam mined was #2 Gas which
averaged approximately 66 inches in height. The seam contains a
middle bank of approximately 14 to 20 inches in thickness. The
section was equipped with a model 35 Lee Norse Continous Miner
and Joy Shuttle Cars. The pillars in this mine were driven on
60 foot centers with 20 foot rooms; cross cuts were on 70 foot
centers leaving 50 foot rooms. Pillars were extracted by driwving
a split down the long length of the pillar. This was followed Iy
the extraction of the fender inby the split. Final extraction
of the second fender was from the cross cut. Offset intersections
were utilized. The offset intersection assisted in the driving
of the splits by providing a straight on access for the initial
cut. The section observed had a new foreman with approximately 4
Years‘ total underground experience. This was his first opportu-
nity to work in retreat mining and although he had been instructed
on the proper techniques he had only pulled some 15 pillars priocr
to our study. Numerous delays occurred on the section, many of

which could be attributed to supervision.

This operation was an excellent example for the need for good
management in retreat mining. It is essential to properly plan
each cut in order to insure the fenders are of the proper dimen-
sions for extraction. ‘Both mining and roof bolting have to be
carefully coordinated to avoid delays. The timing of the movement
of supplies to the face area is critical. Overall the production
in this section averaged between 300 and 500 tons. The conditions
were extremely good. Undoubtedly as this foreman gained experience,
his ability in retreat mining will improve. Under these conditions

he should have been easily able to double his production.
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FIELD STUDY #5

This mine is located in central Pennsylvania in the lower
Kittanning seam. Seam thickness is approximately 72 inches and
the seam is located approximately 450 feet below the surface. This
is a small mine, and had very poor conditions in sections. Normai.
they develop pillars approximately 40 feet by 60 feet which during
pillar extraction are split through the center and extracted from
the fenders in a relatively common technique. The roof conditions
are fairly good. They have approximately six inches of slate whicl
is removed at first mining. On top of this is a fairly firm shale
which holds very well. Under normal conditions they use five foot
bolts, utilizing resin grounded bolts in timbers when they encounter
bad conditions. Roof conditions are generally pretty good. Very
little sloughing is observed. The section that we observed was
being developed for a shortwall. The shortwall pillar was approxi-
mately two hundred feet wide. The equipment included a Lee Norse
45HH, a Lee Norse tram car, and two Lee Norse extensible belts whicn
fed onto a section belt. BAlso this section was equipped with a Lee
Norse roof bolter and an S&S scoop. This set of entries was devel-
oped on 50 foot centers with crosscuts on 70 foot centers. The room
widths were approximately 16 feet. Three entries were being driven
at approximately distances of 4000 feet in preparation for the short-
wall. The extensible belt was being used in the 1ift entry. Under
operation the continuous miner was cutting a twenty foot deep pass
approximately ten feet wide. This cut was completed in a little
under thirteen minutes. With six and a half feet of coal in this
section the cutting rate was slightly over 4 tons per minute. Physi-
cally the surge car had a grate over the top of it with openings
on approximately six inch centers. The purpose of this grate is to
draw out any heavy lumps of coal so they can be broken prior to
going on the belt system. Unfortunately, a large number of the par-

ticles included pieces of shale which caught in the grate and caused
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delays. 1In operation the extensible belt sagged considerably.

The stands that are to be set into place as the equipment moves
forward were not properly positioned, causing the belt to sag
slightly and to spill coal on the floor. The crew experience:d

some difficulty in coordinating their efforts. Consequently pro-
duction was not as fast as it may have been.  The continuous miner
was able to cut far faster than the capacity of the surge car, cor
sequently the miner had to be shut down occasionally to keep from
overloading the surge car. Initially this system was used without
chain drags on the surge car. However, this resulted in the over-
loading of the belt and it was not a satisfactory arrangement.
Consequently they installed two chains to keep the belts from over-
loading, which slowed down the continuous mining process. The over-

all production, however, was an improvement.

The system required a miner, a miner helper, surge car opera-
tor, a man on each extensible belt, one geheral laborer to help
set up stands, two roof bolters, plus the foféman. Under good con-
ditions they normally expect to get between é;hundred and sixty
and two hundred feet of advance per day. They have not attempted

to do any pillaring with this continuous haulége system,

FIELD STUDY #6

This mine was located in central West Virginia. The mine
was very small, operating a single section over two shifts a day.
The drift mine was operating under about two ﬁundred feet of cover,
mining the Number Two Gas seam. The seam locélly averaged about
72 inches. On the section observed there wasxa fire clay bottom
which was quite muddy. The roof consisted of ten to fifteen feet
of firm shale and was generally very good. This mine did all
developmental work using conventional equipmeﬁt and retreat work
using continuous equipment. In the section observed they used a

35Y Lee Norse continuous miner and Joy 16SC shuttle cars.

The continuous miner was in a bad state of repair with, among

other things, a bad pump. The high speed tram was inoperative,
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consequently, cutting and loading times were not representative.
The operator was not particularly experienced and encountered a
tremendous amount of problems in pulling down top coal. The con-
tinuous miner was not able to fully reach to the top. Consequently
mining had to be planned to leave approximately two feet of bottom
coal during the first pass in order to reach all of the top coal.
Following the advance of approximately ten feet the miner would bn:x
up and take the two feet of bottom coal. Often the miner operator
did not do this. On one occasion he took all of the coal off the
floor and attempted to reach the top coal using the stabilizingv
jacks on the side of the miner. These jacks were located too far
back on the miner and are not designed for this. The front end of
the miner tipped down to the bottom. In a second attempt posts
were set under the miner in an attempt to give it the added reach.
After three or four attempts the pillar split was widened to approxi-
mately thirty feet to put additional pressure on the top. A bar was
used to pull down the top coal. Bolting was not required. The 1lift
was timbered off following its completion. Approximately fifteen
to twenty percent of the coal was left in stumps. The plan also
required that the operator expose himself to unsupported roof, to
distances as great as thirty feet from the last row of bolts. The
internal span was also as great as thirty feet. The timbermen were
required to go into the pillar to set posts without setting up tem-
porary support. The miner operator, the foreman, and the miner
helper were all underneath unsupported roof during the course of the

extraction of the pillar.

The mine normally extracted one pillar per shift. Over the
last twelve days they extracted eleven pillars. This is eighty cars
per day average, or approximately four hundred tons per shift. The

observed day saw forty-seven cars or two hundred thirty-five tous.

Overall the mine suffered from poor equipment maintenance,

improper training and poor supervision.
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FIELD STUDY #7

This mine, located in central Illinois, mines out of the
Illinois Number SiX coal seam. The maximum cover is approximately
seven hundred fifty feet; it has a grey shale top, and a fire clay
bottom. The coal seam is approximately one huﬁdred eight inches
in thickness. The coal is soft and approximately eight inches of
top coal is left to prevent deterioration of the roof. The minin:
technique calls for the driving of 4 panel entries off the main to
the end of the property, driving two rooms apprcximately four
hundred feet in length to a bleeder block systém, and extracting
the chain pillar between the two rooms and the‘solid block adja-
cent to the two rooms. The room center is approximately fifty feet
and the room width fourteen to fifteen feet, léaving pillars thirty~-
five by fifty feet. Roof bolting is done onlyjon advance; extrac-
tion of pillars utilizes the split and fender method. The section
averages approximately five hundred tons per shift and ranges any-

where from two hundred twenty tons to eight hundred eighty tons.

FIELD STUDY #8

This company is located in central West Virginia, mining the
Number Two Gas coal seam. The depth of cover over this coal bed
is approximately one hundred fifty to five hundred feet. The mine
is opened through a drift. The immediate roof consists of ten to

fifteen feet of firm shale, and the main roof is sandstone. The

coal bed itself is approximately seventy-two inches high. The
bottom is about ten feet of firm shale. This particular section
observed is relatively small; the section is reached by walking.

They use a thirty inch conveyor belt as their primary haulage system.
This mine is part of a series of small coal mines located in this
area. Each mine uses one to three sections. They operate two shifts
per day. The equipment utilized here is old and not particularly
well maintained. Interestingly, they utilize a conventional set of
equipment to develop and a continuous miner to extract pillars.
Typical daily production for this mine is approximately four hundred

tons. The crew consists of six men plus a beltman and a foreman.
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The continuous miner was a 35Y Lee Norse and was in a particularly
bad state of repair. The operator was not experienced and continu-
ally encountered problems. The attitude of the section was not
good. Numerous»abuses‘were observed of the equipment. Section
members were observed smoking. Mining practices were generally
considered unsafe. An unusually wide split was opened in the pill:r
and the operation continued in areas which would generally be con-
sidered unsafe. This operation was not considered typical of what

was observed during most of the studies.

FIELD STUDY #9

This mine, located in southwest Pennsylvania, mines in the
Pittsburgh coal bed. The mine operates under approximately 400
feet of cover. The mine in the Pittsburgh coal bed has a thickness
of approximately eighty-seven inches. The immediate roof is draw
slate with a sandstone main roof. The bottom is a fire clay.
Normally in the mining operation the draw slate is taken with the
coal bed since it will normally fall if not otherwise taken. The
mine is located along a river. It is the last operating mine in
this area; consequently, it receives a tremendous amount of water
that flows through other adjacent mines. A tremendous number of
pumps are required to keep the water out of the mine. The mine is
equipped with a Lee Norse CM 48-3K and a Fletcher single boom roof
bolter. Joy 10SC shuttle cars are also utilized. The standard
crew consists of six individuals, including the foreman, one miner
operator, two shuttle car operators, one roof bolter, one ventilation
man. Roof support consists of seventy-two inch bolts with four
inch bearing plates along with a two by twelve header board. Under
bad conditions additional roof bolts will be inserted. The mine has
been developed on one hundred by eighty foot centers with eighteen
foot wide rooms, leaving approximated an eighty-two by sixty-four
foot block of coal. The coal is extracted using the pocket and
wing technique. Production during the shift averages better than
five hundred tons. The section crew operated very well as a team,
supervision appeared good. The operation was one of the better

observed during the course of the underground studies.
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FIELD STUDY #10

This mine is located in northern Virginia. It is entered
through a drift. The seam mined is approximately forty-eight inches
thick. The cover is approximately four hundred feet. The immedi:
roof is a fragile to firm shale. The main roof is sandstone, and
the floor is a soft shale. The roof has numerous faults and is
considered quite dangerous. Primary haulage system for the mine
is a forty-two inch belt with thirty-six inch section belts.
Conventional mine equipment is utilized in most of the mine. The
obsefved section had a Joy 12CM with remote control with an eleven
foot head. The mining system for the extraction of pillars was
split and fender. The section was developed with seven entries
with five of the six pillars being pulled and the sixth one being
left for bleeder. Room widths were twenty feet. Blocks were
developed on seventy foot centers. FMC 5-1, shuttle cars were used
in the section, discharging into a Rosco feeder crusher. Discharge
time was quite slow. Pillars were extracted by driving a sixteen
to twenty foot wide split through the pillar biock and then
extracting the fender. Remote control was utilized in the extraction
of the fender. However, conventional controls were used to drive
the split. Three pillars were extracted at the same time. Total
production for this shift ranged from one hundred thirty-five as
much as one hundred ninety feet of advance perfday, approximately
four hundred fifty to five hundred tons. The crew was experienced
with th. use of remote control and it was an effective means for

the extraction of pillars.

FIELD STUDY #11

This mine, located in southern Pennsylvania, was one of the
top ten mines in the country. At one time they mined in excess of
nine thousand tons per day. Currently, the operation mined about

four thousand tons per day. They mine the Pittsburgh seam. Locally
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it was approximately sixty-eight inches of coal. The top was draw
rock, the thickness of about twelve inches, followed by about six
inches of boney coal. Generally the conditions were considered
difficult, the draw rock and the roof coal would not stay up.

In addition they had numerous vertical and horizontal clay seams
which further complicated matters. The pillars are extracted by
pocket and wing. Approximately éighty-five percent of the coal
inside the pillar was recovered. 1In the section observed the roof
was extremely bad; many clay veins caused numerous complications.
In places the roof was coming down from as high as twelve feet.
Additional support was set adjacent to the pillar consisting of
cribs, crossheaders, posts, and additional roof bolts. Six foot
and nine foot roof bolts were used. The team worked very well and
was carefully supervised. During the observation days two hundred
sixty four tons of coal were mined and three hundred ninety-nine

tons of coal were mined.

FIELD STUDY #12

This mine, located in eastern Kentucky, was entered through
a drift. The seam was approximately ninety-six inches in thickness
with a fractured shale roof. Mining in the observed section was
close to the outcrop. No pillaring plan had yet been established
as the operation was comparatively new. The mine was develOped
with rooms on fifty feet centers and crosscuts every fifty feet.
The crew consisted of one continuous miner, one helper, two roof
bolters, one ventilation man, two shuttle car operators, and one
foreman. The section was equipped with the Jeffrey 120H continuous
miner and three cableless shuttle cars loading into a Stamler BF14B-5
feeder. Production in this mine averaged approximately 1400 tons
per shift. The production was largely attributable to the attitude

of the crew and the utilization of cableless haulage equipment.
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FIELD STUDY #13

This mine was located in Alabama. It was a medium size and
mined the Pratt seam which averaged five feet to ten feet in height
with numerous shale partings. The immediaté roof consisted of
firm shale, firm sandy shale, or sandstone. The bottom consisted
of six inches of shale and eighteen inches of fire clay. This
mine used entirely conventional equipment. Their experience and
the experience of adjacent mines have shown considerable difficulty
in using continuous mining equipment due to thé large and extremely
hard shale partings which exist in the seam. Qn a minimum, this
mine used forty inch robf bolts, 5/8ths in diameter, with a 5 x 5
bearing plate. Where conditions warranted, additional roof bolts
were utilized. The mine itself had approximately six hundred feet
of cover. The seam was relatively flat, dropping probably one
foot for every sixty or seventy feet of distanée. The open end
method of mining utilized in the conventional sections gave a very
high recovery rate. The crew consisted of fourteen men on the
observed section. Three of the fourteen ‘men were new employees
and were being trained. The normal crew consisted of a loading
machine operator, loading machine helper, a cuﬁter operator, a
driller operator, one roof bolter, one roof bolter helper, two
shuttle car drivers, three timber men, and one foreman. In addition
to the normal, conventional equipment the mine section was equipped
with a timber machine which was used to move timbers to adjacent
areas where timbering was required. A normal section in this mine
runs approximately four hundred fifty tons per‘day, or under peak
conditions as much as seven hundred tons. During the observation
the section was just completing the retreat of this panel and were
operating on three pillars with five active places. The result
was extreme congestion with men, cables, and equipment operating
virtually on top of one another. This in itself created a hazard

as well as drastically curtailing production.
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FIELD STUDY #14

This mine, located in southwest West Virginia, operated
numercns small drift mines in the immediate location. The partic . av
mine studied extracted coal out of the Cedar Gove coal bed which . oy
varied frow forty-two inches to sixty inches of thickness. The
depth of cover was approximately nine hundred feet. There were
two adjacent coal beds above the seam. The immediate roof consistcd
of six feet of firm sandy shale, the bottom was approximately ten
feet of firm shale. The roof control plan called for the insertion
of bolts a minimum of thirty-six inches in length. Roof conditions
underground were generallv hazardous with numerous breaks and frac-
tures observed. The section observed was utilizing continuous bridge
conveyor system. They were in the advanced phase of mining. The
low seam height made the continuous system compare favorably to
shuttle car systems. In fact, the system consistently outproduced
the comparable shuttle car system by as much as fifty percent. The
section was developed on sixty-five foot centers. The section crew
consisted of nine men, including a continuous miner operator, continucus
miner helper, two bridge conveyor operators, one rock duster, two
roof bolters, one electrician, and one ventilation man. The
continuous miner was a Joy 11CM. The bridge conveyor system was
built by Long Airdox. They were equipped for a five entry panel.
Production during the day was approximately'seven hundred tons.
Overall the operation went quite smoothly. The crew appeared to
be very experienced with the use of the equipment. The attitude

was generally good.

FIELD STUDY #15

This mine located in central Illinois was quite large. Locally
the coal bed averaged approximately seven feet. They have a fire
clay bottom approximately fifteen feet thick and the shale and slate

immediate roof of varying thickness. The roof control plan called
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{wr bolts of a minimum length of twenty-four inches, and larger
where deemed appropriate. The maximum cover in this area was
approximately three hundred fifty feet. Entry widths approximat '
twenty-two feet were drivenon fifty foot center with seventy foot
hetween crosscuts. Crosscuts were cut on a sixty degree angle to
facilitate the use of a continuous haulage system. No retreat
mining was practiced in this area. The section was equipped with

A Marietta Miner which dumped into a surge car which fed a
continucus belt haulage system suspended from the ceiling. This in
turn dumped onto a panel belt. Other equipment on this section
included a Long Airdox twin arm roof bolter and a Kersey scoop and
tractor. Production on this section averages over a 1000 tons

per shift with peaks approximately 1500 tons per shift. This
equipment has not been used in retreat mining, however, it appears

this use is highly feasible.

FIELD STUDY #16

This mine, located in southwestern Pennsylvania, operates
in the Freeport seam, which locally is approximately seven foot
nine inches in thickness. The maximum cover in the area is four
hundred feet but averages approximately three hundred feet. Full
retreat mining is planned and practiced. The roof consists of
shale with approximately fourteen inches of cannel coal being left
in the immediate roof. The bottom is level and consists of
approximately three feet of fire clay. Approximately twelve inches
of black slate is removed during mining. The room centers in the
area to be mined were fifty feet by one hundred feet. The room
widths were eighteen feet. This left pillar blocks approximately
thirty-two feet by eighty-two feet in length. Four foot long roof
bolts were used and inserted on four foot centers. A two split
ventilation system was used with returns on both sides. The crew
consisted of seven people including a foreman and miner operator
and helper, two shuttle car operators, one roof bolter, one mechanic,

and one foreman. The section was equipped with a Lee Norse 380
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Coe o G4 Miney, two Torkar Shuttle Cars, one Fletcher Single Buoow
Reof Bolter, and two Bantam Rock Dusters. Coal was dumped into
tw - ve Com mine cars on the main line. A split and wing system

was used for pillar extraction. The block were not the proper

size for this type of mining. This was because development of this
SC 4 0 nad taken place many years ago. The operator of the
coctinvceus miner was required to go beyond supported roof in ordex
te punch through. The sequence of extraction was generally poor

a

1wl inadequate. Too much coal was being left in each stump. This
waz due to poor planning. Production during the visit averaged
approximately three hundred fifty tons. In general the attitude

of the workers was very good and they worked well as a team; however,
ths problems that existed on the section were due partially to

lack of good management and partially to improper dimensions of the

section.

FIELD STUDY #17

This mine was located in central Pennsylvania. It was an
extremely large mine, and mined both the upper and lower Freeport
scams. The seam locally was approximately five feet in thickness.
The immediate roof was sandy shale, approximately thirty-two inches
in thickness, with a limestone shale main roof. The bottom was
fire clay, approximately ten feet in thickness. Draw slate was
removed as they mined the coal. The shale roof was extremely
b:ittle and broke off in small chunks. Roof conditions varied
dramatically throughout the mine, from areas which could be supported
with a four foot bolt down to areas that had to be heavily timbered.
Resin bolts were used predominately throughout the mine. They elimi-
nated the need for straps. On retreat the pillars were developed
with rooms on forty foot centers and crosscuts on fifty-four foot
centers, leaving a 20 x 34 foot block of coal. This block of coal
could be extracted by taking lifts into the blocks but without
requiring men or equipment to go into the block in the extraction

process.
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FIELD S'TUDY #18
-This mine, located in Utah, mined a coal bed that averaged

twoelve to fourteen feet in thickness. Approximately fouse e T

P

feev of coal was left in the immediate roof, with sandstcnc
that. The bottom was sandstone. No retreat work was bheing done

at this mine at this time. The mine was equipped with conventior
equipment; places were drilled, cut and shot and scoops were usead

to load and haul the coal to the belt. A 15RU cutting machine wav
used; a Long Airdox Coal Drill and Stamler Feeder Breaker Equipmern. .
The face crew consisted of two loader hauler dump drivers, one

cutter operator, one driller, two shot and powdér men, one ventilai .o
man, and a foreman. Production averaged 640 tons during that ten

hour shift.

FIELD STUDY #19

This mine located in Utah was mining a coal seam of approximat:i:
eight feet in thickness and on a seventeen degree pitch. The
mining unitvconsisted of a 38H Lee Norse Continuous Minér, two Joy
10SC Shuttle Cars, and a twin boom Fletcher Roof Drill. The section
was mining on a side pitch and doing very well.: Stopper drillers
were used to insert roof bolts. No retreat room and pillar mining

was planned at this time.
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INTRODUCTION

Although the present study is concerned with the optimal
design of pillar recovery techniques, the design of room and
pillars during the phase of advance mining cannot be overseen.
Indeed, it is impossible to safely and efficiently recover a pillar
which has been designed erroneously in the first place. Further-
more, the theory of optimal pillar design during the phase of
advance mining is very important to the study at hand for a
second reason: A quantitative theory of pillar recovery has not
been developed yet. Thus, a logical platform for the launching of
such a theory is the corresponding theory of advance mining. There
is a striking similarity between the goals and the working frames
of the two theories. The structural mechanical theory of room and
pillar design during the phase of advance mining is concerned with
the ground stability within the mine as a whole. The working frame
is the entire mine. The stopes are main haulageways, crosscuts,
and production rooms. The abutments of unmined ore are the barrier
and production pillars. On the other hand, the theory of pillar
recovery during the phase of retreat mining is concerned with the
gfound stability within the partially mined pillar and its immediate
environment. The working frame is the pillar and the four stopes
defining the pillar. The stopes within the pillar are lifts, such
as splits and pockets. The abutments of unmined ore within the
pillar are fenders, wings, ribs, stumps, pushouts, etc. 1In
principle, once the working frame of the theory has been redefined,
the theory of advance mining should identically hold also for the
phase of retreat. This is essentially the thesis of the discussions
in this section. However, there is a great difference between the
ground stability objectives of the phases of advancement and retreat.
The former phase requires permanent stability, whereas the latter
phase requires only temporary stability. Indeed, the design of
rooms and pillars should guarantee ground stability during the

entire life of the mine, which may last many years. On the contrary,

Xxii
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the design of pillar recovery techniques should guarantee ground
stability during the period of pillar recovery, which may last

only a few days or even hours. Thus, tailoring pillar recovery
techniques after the principles of pillar design, very likely

leads to a limited percent of recovered coal from a pillar. This

is good from a safety standpoint, but causes excessive loss of
unmined coal in overdesigned abutments. Too conservative a percentage
of pillar recovery is also undesirable as hindering spontaneous

roof caving after the completion of the pillar recovery (to the
decided extent). Uncaved gob constitutes a very hazardous working
environment for the adjacent pillars under extraction. Thus, forced
caving of the roof and the unmined portions of the pillar will be
necessary in a latter phase, causing time expenses and hampering

the efficiency of the entire mining cycle.

Everything considered, we still maintaih that the adaptation
of the advance mining theory to the phase of retreat constitutes a
sound first step toward the development and testing of a pillar
recovery theory as such. Of course, proper correction factors
should be incorporated in each specific application, taking into

consideration the difference of the two phases discussed above.

In the present study, the structural mechanical design of
underground constructions (excavations and abutments) has been
reviewed thoroughly. Of the numerous topics treated quantitatively
in the literature) only a few were selected for presentation in the
first part of the section which deals with advance mining. The
criterion of selection was the extent of applicability and adaptation
of these topics to the realities of the phase of retreat mining

presented in the second part of this section.

Finally, a qualitative discussion of a number of case problems
encountered in U.S. mines visited during the present study is

given in Section V. Unfortunately, quantitative treatment of

xiii
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these problems is impossible, in lieu of appropriate theory. Thus,
what constitutes safe mining practice is only the educated guess of
the author. Therefore, the offered recommendations should be

accepted only as hypotheses requiring testing before use.

xXiv
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OPTIMAL DESIGN OF STOPES AND ABUTMENTS

Although the present study is concerned with the optimal
design of pillar recovery techniques, the design of pillars 3
during the mining advancement cannot be overseen. Indeed, it
is impossible to safely recover a pillar which has been designed
erroneously in the first place. Thus, in the present section we
give an account of the state of the art in designing stopes and
abutments during both phases of mining development, i.e.,

advancement and retreat.
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I. PHASE OF MINING ADVANCEMENT

The ground stability is upset in underground mining due to
the -opening of stopes. 'The support of the overburden is left to
the abutments placed 'between stopes, such as pillars, ribs,
fenders, wings, pushouts, etc. Thus, the optimal design of both
stopes and abutments is of primary importance for ground control.
The stopes are considered presently to be rectangular openings
within the seam of coal and no differentiation is made upon their
particular function in the mining system, such as, production
stopes, transportation stopes, etc. The abutments are distinguished
into barrier pillars and production (or working) pillars. The
former are interspaced between ingress or egress entries and must
be designed much stronger than the latter, because they must last
during the entire life of the mine. Possible collapse would close
main entries. The production pillars represent 30-70% of the
entire coal seam and they are recovered progressively during the

phase of retreat.

I. BARRIER PILLARS

The most crucial parameter in pillar design is the minimum
lateral dimension, W. A host of empirical formulas has been
developed on the basis of extensive observations. Below we

present a few of the most widely used.

(1)

(1) Ashley or Mine Inspector's Formula

W= 20+ 4T + 0.1 D (1)
where

W = width of minimum lateral dimension

it

seam thickness

overburden thickness

o
it
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Limitations: The formula fails to consider the importance
of the strength of the coal constituting the
pillar

Numerical Example 1

Find the minimum safe pillar width, w, according to the
Ashley formula, for a coal seam of 5 ft. thickness with 1000

ft. overburden thickness.

Solution
Given Sought
D = 1000 ft. w - ft.
T = 5 ft.

20 + 4.5 + (0.1 - 1000)= 140 ft.

It

W

(2) Pressure-Arch Formulae

The pressure~arch theory advocates that arches (or domes) of

(1)

differential pressures are developed around a stope (or excava-

tion) according to the details of Fig. 1.(2)

The minimum width of the basis of the %one III arch (according to

theory)(3"6)is
= 3 (-2
B = 3(.20 + 20)
where

overburden thickness

D

The minimum lateral dimension of the pillar, W, must be
- B .

W = 5 (1 + Kq)

where Ky is a safety factor

one
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FIG. 3 — DISTURBANCE PRODUCED BY
EXCAVATION IN LAYERED STRATA
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lone 11— Bed separation occurs due to differential sag and buckling
(where honzontal stresses o, are high enough to produce
buckling).

Zone 1t — Layers sag but withou! bed separation. Gravity acts to develop

sag i Zones 1 and 2, and horizontal stresses are reduced
compated to ¢r. .

Zone 11 — Horizontal and verlical pressures build up to their undisturbed
values.

Zone IV — Foor heave (uplift) occurs without bed separation —- gravity
acts to inhsbit uplift,

1
! .
lone V- Seamy expands lowards excavation because of refease of hori-
onlal stress al the (seam) excavalion walls.

Figure 1
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1 . 3
—5 <K < 1 (4)

Limitations: The formula ignores both strength of coal and
bed thickness ‘

According to another stud§7&onducted in South Africa on
incohesive rock formations, it was found that the width-height

dome relation is

. 1/2
_ 8 9D h h
B = -—--—-—;;-:-—-—-— (1 - ‘—5"') log (1 - Y ) ’ (5)
where
o, = compressive strength of the roof along the plane of
Figure 1
Y = Unit weight of the roof rock
h = Height of the dome, at a certain time after the opening
of the excavation.
" It was also established that
hpax = 0.63D for incohesive rock (6)

Substitution of hy,, from Eg. 6 in Eq. 5 produces

2.96 0,
- c
Bpax = y . : (7)

For cohesive rock, the same study proposes that

s op h 1/2
B-—l}————;’ﬂ%—— (1~ —5 )} (8)
with
h ax = 0.5D for cohesive rock (9)
and
4 o.D
Bmax = ‘—-;F——' (10)
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This study does not suggest what the safe pillar or room
widths are. It simply states that if the span of the excavation
(which caused the dome) exceeds Bp,yx, the dome fails with the

strata precipitation extended all the way to the surface.

A third stud§3¥%eorizes that the dome cross section along

the width of the excavation is an ellipse with approximately

Brax = —5~ Mnax (11)

The exact width-height dome relation is

l—m+dt/‘7d
where
°£ = Tensile strength of the roof rock along the width of
the excavation
m = Ratio of horizontal to vertical rock pressure, i.e.,
according to the notation of Fig. 1
m = U; (13)

The width-height dome relation in terms of compressive strength

(instead of tensile) is
B = h(m-1+%/7D) (14)

This study does not define hysyx. Thus, B,y and the safe
pillar and room widths cannot be calculated, unless an appropriate

h has been selected on the basis of another theory.

max

The numerical value of m depends upon the stress field pre-
vailing around the excavation. Three usual stress fields appear

in Fig. 258for m equal to O, 1/3 and 1. The first case corresponds
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Surface
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Figure 2

Three stress fields frequently encountered

around underground excavations
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to a unidirectional field which may occur in shallow depths or
near vertical free surfaces. The second case occurs over a

wide range of depths among different geological counties. The
hydrostatic field occurs at great depths and in viscous or plas-
tic rocks. When the rock is completely constrained laterally so

that horizontal deformation is not possible, then

m = —g - (15)
where

n = Poisson's ratio

Numerical Example 2

Find the minimum safe width of the pillars, W, and the maxi-
mum safe span of the rooms, I, within a coal seam under a 1000 ft
thick, highly jointed overburden rock, of 0.09 lb/cu.in. mass
density, with compressive and tensile strength along the width of
the rooms, 300 and 100 psi, respectively; lateral deformation of

the seam is not possible and the Poisson's ratio is 1/4.

Solution
Given Sought §
D = 1000 ft. W - ft. |
U, = 300 psi L - ft. |
Gt = 100 psi
Y = 0.09 1lb/cu.in.

According to Egs. 2 and 3

B = 3( lgoq_ + 20) = 210 ft.
0
210 3 _ _
W = —*iﬂ“ (1 + i = 184 ft.

In Eq. 3, K was taken equal to the maximum value it can

8- |



receive, i.e., 3/4, because the overburden is highly jointed and

the maximum necessary safety factor is required.

According to Eq. 7,

1/2
Bpnax = 82-96 -+ 300 - 1000)(0.09 - lZﬂ = 906 ft.

Eq. 7 was preferred over Eq. 10 because highly jointed rock 1is incohe-=
sive. Thus, if the span of the excavation exceeds 906 ft., the
overburden will collapse all the way to the surface. However,

Bmax should not be identified with Lgyfes i.e., the safe room

width. The above calculation simply concludes that the room span
under no circumstances can exceed 906 ft. It does not suggest,

however, that the room span can be even 906 ft.

According to the third pressure-—-arch theory, hax is not
known. However, if we borrow this quantity from Eq. 6 of the

second theory, we find
hpax = 0.63 - 1000 = 630 ft.

Substitution of the above value in Eq. 11 of the third theory
yields

= A —
Bmax = 5 630 = 315 ft.

Since no lateral deformation is possible, Eg. 15 yields,

0.25

1-0.25 1/3

Substitution of the above values for hp,yx and m in Eq. 12

of the third theory yields

_ 4-630-(1/3) _
Bmax 1< (1/3) ¥ (100-12)/(0.09 - Toog) -~ °0 ft-
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Substitution of hpax and m in Eq. 14 yields

300 - 12

- 1 -
Bmax = 630 [—5— - 1 + 3—cs 1550 | = 24,780 ft.

From the two last pressure-arch theories it was found that
the smallest expected Bmax is 65 ft. Hence, the safe room span

is smaller than 65 ft.

Results

i

184 ft
65 ft.

W

Lgafe

(3) Holland Formulae

Holland has proposed two alternative formulae:(g)
W=15°T (16)
where

T = 3eam thickness

and

e (17)
where

. (10)
W, = convergence in mm read from Fig. 3

e = basis of natural logarithms (=2.7T)
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7 10.09: free caving
0.08: building strip packs
0.07: hydraulic stowage

0.085:partial pillar recovery with ultimate pillar collapse

C =

Unfortunately, W, is given in Fig. 3 only for coal beds of 7 foot
thickness. Furthermore, even for this specific case, the two
formulae give highly different numerical results.

Numerical Example 3

w Find the minimum safe pillar width, W, in a coal seam 7 ft.
thick according to the Holland Formulae, for a mining system allow-
ing partial ‘recovery of pillars with ultimate pillar collapse.

The overburden thickness is 900 ft.

' Solution
Given Sought
T =7 ft W
C = 0.085

According to Egq. 16

9 W = 15(7) = 105 ft.
From Fig. 3 it is found that the convergence, Wy, for 900 ftf
overburden thickness is approximately 30. Thus, according to Eq. 17
uf - log 60:\ =
W 5 ~5.085 . log 2.7 242 fr.
Since we have no criteria to choose between the two formulae,
the answer is the one giving the safer pillar width. Thus:

Results

242 ft,

=
it

-12—
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(4) Morrison, Corlett & Rice Formula

The minimum lateral width is

W = D/8 (18)
where

D = overburden thickness

and

D< 4,000 - (19)

Limitations: The formula ignores both bed thickness and
strength of coal

2. PRODUCTION PILLARS

The state of the art primarily consists of empirical formulas.
However, these formulas are more sophisticated than the previous
ones for barrier pillars in the sense that they do consider the
strength of coal. Some of the most successful formulas are
presented below. All these formulas are solved with respect to
pillar strength, S. However, the width of minimum lateral dimen-

sion, W, can be obtained directly by simple rearrangement.

(1) Holland - Gaddy Formula (6,12-16)
_ KWW . C
5 = =7 (20)
where
S = pillar strength in psi
W = least lateral dimension
T = seam thickness
K1= safety factor

1.7<5K< 2 ' (21)

-13-
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and

C,= 8 d

1= Sp 4 (22)
where

Sp = compressive strength in psi of a cube of the material
d the edge of the tested cube
Cy = values for most rocks are tabulated

Il

Field of Application

The following conditions must be met for the valid applica-
tion of the formula:
1. T<W (23)
W .
2. —p < 12 , (24)

When W/T =212 , the pillar is considered overdesigned, i.e., it

is capable of withstanding much more load than will ever be needed.

3. The formula holds even for highly jointed rocks.

Numerical Example 4

Find the necessary width of a pillar within a coal seam 5 ft
thick, in order to obtain pillar‘compressive strength 600 psi,
when the compressive strength of a coal cube with 2 in. edge is

1200 psi. '

Solution
Given Sought
= 5 ft i W
S = 600 psi
Sp = 1200 psi
D = 2 in.

~14-
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Eq. 22 yields
Ky = 1200 /2 = 1697

We select C=2 for maximum safety. Thus, Egq. 20 gives

( 6005 - 12 )2
1697.2

n

W 112 in. = 10 ft.

This pillar width is sufficient to achieve the desired pillar
strength of 600 psi. It is not the minimum safe pillar width, un-
less it has been established that 600 psi is the minimum necessary
pillar strength to keep the pillar in tact for as long as it is

necessary.
Results

W = 10 ft.

(2) Morrison, Corlett & Rice Formula (17)

= o G  (25)

where

C2= crushing strength in psi
Ko= safety factor equal to 4 or 5

Field of Application

The following conditions must hold if the formula is to be

valid.
W
1. —>1
T (26)
W
2. T<8 (27)
where

H = height of pillar. Usually H = T

-15-~
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3. The formula holds even for highly jointed rocks

(3) Obert Formula Modified by HQlland(lO)

W
S = C3(0.778 + 0.222 —ﬁ—) + Kq (28)
where
C3= average strength in psi of cubical test specimens

Kq= 4.5 (safety factor)

Field of Application

The formula holds only when:

- ,
1. 0.25 = T§4.0 (29)
2. It is not valid for highly jointed rocks

3. CALCULATION OF THE MAXTMUM SAFE SPAN OF ROOMS

Most of the stopes {(production and transportation) are rec-
tangular excavations of height equal to the bed thickness. The
length and width vary, but the minimum lateral dimension of them,
as in the case of the pillars, is the crucial one for ground sta-
bility. The maximum allowable width of a stope can be determined
from beam theory, provided that the stope is not intersected by

another stope. In the latter case, plate theory is required.

The roof of coal seams usually consists of laminated forma-
tions fairly smooth and flat, with weak bonding between success-
ive beds. Thus, slabs or plates are detached from the rock above,
as in Fig. 4.(1%9 slab isjassumed to behave as a series of parallel
beams of unit width, with the ends of the beam fixed on each side
of the room, on a pillar, and with spans equal to the width of

the room.

-16-
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—lmmedinte rool with multiple
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Figure 4
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The normal axial stress, 9y, (known also as a fiber stress)

at any point A (Fig. 5) is:

X a2 _ (30)

where

y = vertical distance of point A from the neutral axis of the
beam (disecting horizontally the cross-section)

M, = moment at the distance x of the point A from the origin
of coordinates (left end of the beam) given by
_ 4 g2~ 72
MX = —1'-2"'- (6LX ox L ) (31)

The shear stress, Txy' of the same point A, Fig. 5), is

. - _3Vx (42 - 4y2) -
Xy 2 as (32)
where
Vy = shear on the cross-section through A given by
= 9L - _2x
Vx 3 (1= (33)

In Egs. 31land 33 , g stands for the uniform load on the beam per
unit length, per unit width. If the detached immediate roof
consists of a single layer, q is calculated from the mass density
of this layer. If more than one layer constitutes the detached
immediate roof, (Fig 4), the uniform load on the lower layer of
thickness, dj, consists of the weight of the lower layer itself,
plus the weight of the remaining detached 1layers resting on

the lower layer. The total load on the lower layer, g, is

Eyd;3 (q7d; + gods + - — + gpdp)

q=
Eld1? + Epd,3 + - - - Eydy3 (34)

-18-
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where
dn = the uniform load per unit length, per unit width, on
the layer (or beam) n, due to its own weight
dy = thickness (or vertical width) of layer n
Ep = Young modules of layer n.

The maximum tensile and compressive stresses on the Ccross
section of the examined point A, (Fig.5 ), occur at the top and
bottom of the beam, at a distance + C =+ d/2 from the neutral
axis, respectively. Substitution of Yy by + d/2 in Eq.30 yields
for the maximum stresses on a given cross section at distance x

from the origin,

_ . _6My

o = 2
{Esnst) a2 (35)

The maximum vertical and horizontal shear stresses occur at
the neutral axis. Substitution of ¥ by O in Eq. 32 yields

L 3y

xy 2d (36)

From Eq. 31 becomes apparent that the maximum M, occurs at

¥ =0and x = L, 1.e. at the ends of the beam, where

gL?
12

M
max (37)
From Eg.33 becomes apparent that the maximum V, occurs also

at ¥x = 0 and x = L, where

qL
\Y = + 42
max z 2 (38)

From Eq. 35 it is obvious that the maximum tensile and compres-
sive stresses throughout the beam occur at the top and bottom of

the particular cross-sections at which the maximum M, occurs.

_19_
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Thus, according to the foregoing, the maximum tensile and compres-
sive stresses occur at the ends of the beam and substitution of
Mpax from Eq.37 in Eq.35 yields

g

tens) = - 2
Scompr)max ¥ ggé (39)

It is well known that the strength of any rock in tension is much

weaker than in compression. The maximum safe tensile stress a

rock can withstand is

R _
’(tens) safe = —0— (40)
K4
where
Ro = modulus of rupture of the rock
K, = safety factor

It is obvious that for roof stability

: 2
R n L
’(tens) safe = —o— g'Uztens) max = + —g“"z—— (41)
Kyq compr) 2 d
Solution of Eg.41l with respect to L yields
I, s d .._.g_gg___
(42)
a Ky

From Eq.36 follows directly that the maximum Ixy throughout
the beam occurs at the neutral axis of the particular cross-
sections at which the maximum V, occurs. Thus, according to the

foregoing, the maximum shear stress, occurs at the ends of

J
Xy’
the beam and substitution of V., from Eg.38 in Eqg.36 yields

3qL
J. = 4
XY, max — _li_d——_—— (43)

The maximum safe shear stress a rock can withstand is,

g
K5 (44)

ny,safe =

-20-
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where
J= shear strength of the rock

K5 = Safety factor

It is obvious that for roof stability

J - _J J = 39L_
xy,safe K, = xy,max ~ 73 (45)

Solution of Eq.45 with respect to I yields

444

, 4dg :
39K> (46)

‘The safe room span for both, shear stress, and tensile-compressive
stress, is the smaller of the two L's calculated through Egs. 42
and 46 . ' -

It is important to draw attention to the fact that g is the
weight of a column of unit length and width, but height equal
to the layer thickness, d. If instead of g the unit weight or
density of the rock, 7, is to be used, (lb/cu.ft.), then

q= 47 : (47)

and Egs.42 and 46 may be rewritten }

Y K4 (48)
and
43
L =
3y Kg (49)

" Since for the majority of rocks the tensile strength is weaker 4
than the shear strength, Eq.48 furnishes the maximum safe room

span in most cases. The maximum safe room span has been calcu-

lated on the basis of Eq.48 for a number of critical stresses,

Ro/K 4, over a wide range of layer thickness, d, for each RO/K4.

The results are tabulated in Fig. 6.

-21-
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The maximum safe roof span as a function of

the roof thickness and the critical rock stress
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Numerical Example 5

Find the maximum safe room span in a coal seam of critical ;
tensile stress 250 psi, with an immediate roof of 5 ft. thick-
ness and 0.085 1lb/cu.in. mass density. The shear strength of

the immediate roof is 750 psi and the safety factor to shear

stress 1is 4. ' ¥,
|
Solution 5
Given Sought i
%9 = 250 psi L-ft.
1

d = 5 ft

Yy = 0.085 1b/cu.in.

J = 750 psi

K5 = 4

According to Eg. 48

e . 1/2
L < [-2 g 08550 12 , - 594 in. = 49 ft.

L < 48 ft.

We see that the agreement is very good although Fig. 6 does not |
provide for the effect of ¥ . This omission does not affect sub- |
stantially the effectiveness of Fig. 6, because all coal over-
burden rock formations have a ¥ value between 0.08 and 0.10 and

Fig. 6 has been drawn on this assumption.

According to Eqg. 49

-23-
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L < 34,'07335 — = 2941 in. = 245 ft.

We see that the design with the shear strength for criterion

allows too large a room span for the tensile strength. Thus:
Results

L < 48 ft.

4. CALCULATION OF THE MAXIMUM SAFE SPAN OF STOPES UNDER PNEU-
MATIC OR HYDRAULIC PRESSURE

Frequently a coal seam is extended under an underground or
surface water horizon or a pressurized gas reservoir. If the unit
weight of the overburden is y and the pneumatic or hydraulic pre-

ssure load per unit width and per unit length is p, the maximum

tensile stress is

1,2 P12 '
‘max = 2d + 242 (50)

Following a derivation similar to the one of the previous section,

the maximum safe room span, L, is found to be,

oy £ W
, (y+ P/d) K3 (51)

It may be seen from numerical examples that even very small pneu-

matic or hydraulic pressures can double or triple the maximum

tensile stress and, therefore, cut down the maximum safe room
span to a small fraction of what it could be without the pneu-
matic or hydraulic pressure. Thus, relief of the coal seam from
the additional load by gas depressurization or water drainage,
is highly profitable, and it may make the difference between ren-

dering the coal mining economically permissible or prohibitive.

-24-
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Numerical Example 6

Find the maximum safe room span in the coal seam of Example
5, with the addition of a hydraulic pressure of 2 psi on the

immediate roof due to the existance of a water horizon.

Solution
According to Eg. 51

1/2

2 « 250 - 5 - 12] = 247 in. = 21 ft.

{ 0.085 + 2/5

1 =

We see that hydraulic pressure of only 2 psi cuts the maximum

safe span from 49 ft. to 21 ft.

Results

L = 21 ft.

5. RELATION OF PILLAR WIDTH TO ROOM SPAN

In designing a room and pillar mine, the maximum safe span
of rooms and haulageways is to be determined first, on the grounds
presented in the'previous sections. The next critical dimension
to be determined is the minimum safe width of the production pil-
lars. This can be done in terms of structural mechanics, on the

basis of the following assumptions:

1. The load on the pillar is considered to be constant
and independent of the deformation of the pillar, roof,
and floor, during the lifetime of the pillar.

2. It is assumed that the pillar will collapse once a
critical average compression is reached.

In reality the load on the pillar decreases rapidly and propor-
tionally to the convergency (strata deformation). Furthermore,

in reality, the pillar can withstand the critical compression for

—25-
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aguite a long time before it collapses. Thus, hoth the above assump-
tions lead to overdesign of the width of the pillar. This reduces
the productivity during the phase of advancement, but assures safe
roof support. If phase of retreat does not exist (the pillars

are not recoveraed) the problem of pillar overdesign causes loss

of large amounts of coal,and must be avoided. However, if the
phase of retreat is Eo take place with recovery of the largest
portion of the production pillars, overdesign of pillars does not
cause any coal losses. 0Of course it causes cash flow problems

for the operator because it ties up products which cannot be
utilized before the phase of retreat. Evervything being considered,
these assumptions have broadly been employed in design of room
and pillar layouts and the following relation of room span-pillar

width can be obhtained.

Let us consider the situation of Fig. 7.1%%m roofs of the
rooms JK and LM are beams with both their ends supported, thus
each pillar at their sides carries half of their weight. TIf the
average density of the overburden is assumed to he approximately
160 1b/cu.ft. or 1.1 psi per ft. depth, the average pressure,S,
at depth D is

S = 1.1D psi . (52)

If the length of each room is Wmav
dle pillar, F, is the weight of the column extended from the roof

of the rooms to the surface and spanning the pillar to the mid-
point of each roof,
F=1.1D (W + L) W (53)

max

The middle pillar supports the above weight through a surface,

A= Wmax - W (54)

-26-
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Figure 7

Elevation of room and pillar layout
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Thus, on the basis of the first assumption, the average pillar

pressure is

F W+h
S =—— =11 (=) (55)

The compressive strength, So (psi), of the coal constituting the
pillars is determined laboratorily by subjecting a cylindrical
coal specimen (with length to diameter ratio equal to 2 and dia-
meter equal to 2 in) to compression until disintegration occurs.
If the diameter is t and the compressive force achieving disin-

tegration is § then,

tl
_ AN .
S, = st/( 7] ) (56)

Experiments have proven that the actual strength of a full pillar,

S is a fraction of SO. Thus,

pl
S =
p = S0 / Xg (57)
where
Ke = safety factor, empirically found to be
1<K <6 (58)

On the basis of the second assumption, the average pressure on
the pillar, S, must be smaller than its compressive strength, Sp,
S

= - L + Vq. g = —-9 5
§ = 1.1D ( =+ ) € S, = % (59)
6
or W
L > S5 1
-~ 1.1KgD (60)

-28-
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Numerical Example 7

Find the minimum safe pillar width in a coal seam of 10,000
psi compressive strength, with 1000 ft. overburden thickness and

room span 16 ft, when the required safety coefficient is 4.

Solution
Given Sought
D = 1000 ft. L - ft.
So = 10,000 psi
K6: 4
W = 1l6 ft.

According to Eq. 60

1.1 - 4 - 1000 - 16 ~
L 2 15,000 = 1.1 - 4 - 1ooo ~ 13 ft.

6. SAFETY FACTOR OF A FRAGMENTED ROOF

8)

1 .
Let us consider the fragmented roof of Fig. 8(. This roof

may fail due to three reasons:

a. The two pieces may slide down if sufficient horizontal
compressive force, G, does not thrust them securely
against each other.

b. The rock may be fragmented further along the crack, at
areas of high compressive stress. The newly created
small fragments may rotate or shift position, creating
open space between the two halves. From this point,
the situation is reduced to the previous one.

c. Elastic or plastic buckling allows rotation or shifting
of blocks without actual further fragmentation occuring.
Again, the different parts of the roof may not find
sufficient support from the rest. Thus, cracking and
downward sliding will occur simultaneously, after a
certain period of inbalance.

-20 ~
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a. Forces acting on a cracked beam
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c. Stress distribution on the left half
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If it is assumed that the crack divides the beam into two
equal parts, it becomes obvious from Fig. 8 that the left half
will not fail only when the moments acting on this half counter-

balance each other, i.e.,

. L
where
Q0 = Lateral Load
A = Moment arm of the axial force, G, to be determined

For the special case of a beam supported by two abutments which
do not move outward, but do not apply any prior to cracking axial

force, T, it has been found that

0.444a2
where
L = beam length (Room span)
d = beam thickness

The subscript u stands for axially unloaded beam.

For this particular case it is obvious that the total axial force,

G, is a result of the cracking itself and it can be calculated in

terms of A from Eq.61, i.e.,

¢ - _LQ

48 Ay (63)

where A, is calculated through Eq. 62.

For the more complex case of a horizontal stress field
subjecting the beam to an axial compressive force, Po,the total
axial thrust after cracking is ‘
¢ _ p.d +[ pZ (8A2 - 4a.d + da% ) orn (0r-4pg d)] 1/2

b Ay 8A2 642

(64)
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where

P, = axial compressive force acting on the beam before
cracking

The subscript 1 stands for axially loaded beam prior to

cracking.

Let us symbolize the axial and lateral loads acting on a

beam by P and Q, respectively.

u
p. JG cracking
- (Egq.64) in presence of axial stress field prior to

2 cracking

‘G (Eq.63) in absence of axial stress field prior to

Q = L-q (65)

where

beam length - in
uniform transverse load on the beam per unit width, -
per unit length - psi

il

These loads can be converted into forces acting parallel and

normally to the direction of a crack forming any angle with the
axis of the beam (Fig. 9).(20)
The vertical load on each abutment at the ends of the beam is

Q

The driving force for failure by sliding, S, is the algebraic

sum of the projections of P and V on the direction of the crack,

S = P cosf + VvV sinb (67)

The algebraic sum of the projections of P and V on the normal

direction to the crack is

N =P sinf - V cosé P
f\c ('Li
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Cracks .

SN by

PV VL L
\\\\15\\\\A

A Forces on o cracked beam

%

\ S=Pcos 8 + Vsin 8
N=Psin8-Vcos 8

V=
Beam is to the left of
crack at A.

<\f{m
S\\\ { N

H,
, R \

g Forces acting on the surface of a crack

Driving force= S
Resisting force = Npu

Figure 9

Conversion of axial and lateral loads acting
on a beam into parallel and normal forces to

the direction of a crack
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The force resisting failure by sliding is

F = Nu (69)
where

#H = Coefficient of friction along the surface of the crack

The safety factor of the fractured beam to failure by

sliding is

K4 Absolute value of F, resisting force (70)
Absolute value of 3, driving force

The above discussion pertains to failure of a fragmented roof
due to the first of the three reasons mentioned at the beginning
of the present section. Failure due to the second reason, namely,
further fragmentation or crushing, is the result of development
of excessive compressive stresses. If triangular stress distribu-
tion is assumed instead of the actual sigmoidal, (Fig. 8.C),

the maximum compressive stress in absence of horizontal load, P,

prior to cracking, is
2 G
u
‘max = g =By (71)

In case of existance of horizontal load, P, prior to cracking,

27 i
max d - Al (72)
where
LQ
A = =X
1 8 Tl , (73)

The safety factor of the fractured beam to failure by further
cracking is

- S
Kg = comp (74)

6 “max

where

t
i
!

SCOmp = compressive strength of beam in transverse load-psi

I

...34....
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According to Eq. 67

s =1,156.57 *+ 0.77 + 1,451.50 * 0.64 = 1,819.52 1lb/in.
According to Eg. 68

N =1,156.57 * 0.64 - 1,451.50 « 0.77 =-377.46 1lb/in.

According to Eg. 69

F =-377.46 * 0.6 = -226.47 1lb/in

According to Eq. 70

226.47

1,819.53 ~ 0-12

K7 =

According to Egq. 71

2+ 1,156.57 _

13 - = 1
max (7 = 5.02)-12 97.35 psi
-According to Eg. 74
_ 1500 -
Kg = 5. 97.35 = 2.57
thus:

We see that K7 < K8,

K = Ky = 0.12

It is obvious that the examined excavation is structurally un-

stable and the roof will fail by sliding without artificial support.

Case b. (S, 12 psi)

P = Gl = 1,390.36 1b/in.
According to Eg. 67

s =1,390.36 + 0.77 + 1,451.50 * 0.64 = 1,999.54 1lb/in,

=37
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The coefficient 6 in the denominator indicates that Eg.71 and
72 have not been tested and verified sufficiently. Thus, their
results may underestimate the actual maximum compressive stress

by a much as 6 times or even more.

Analytical treatment of the failure of a fractured beam due
to the third reason, i.e., buckling, has not yet been established.
The overall safety factor of a fractured beam is the smaller of

the two numerical values obtained through Egs. 70 and 74 .

Numerical Example 8

Find the safety factor of a fragmented roof with cracks form-
ing 40 degree angle with the horizontal. The compressive stren-
gth of the roof rock is 1,500 psi, the room span is 16 ft., the
immediate roof thickness is 7 ft., the unit weight of the roof
rock is 0.18 1lb/cu.in., the coefficient of friction along the
surface of the cracks is 0.6, no axial compressive stress was act-
ing on the roof prior to the formation of cracks. What would the
safety factor be if an axial compressive stfess of 12 psi was act-

ing on the roof prior to cracking?

Solution

Given Sought

0)
12 psi)

= 40° K (for Sh
1,500 psi K (for Sp
= 16 ft.

7 ft.

= 0.18 1lb/cu.in.

= 0.6

comp

T oM n
it

a:
Sh “ ] b:

]
o

12 psi

According to Eq. 62

2
_ . _ _0.44 - 7 _
A, 0.91 - 7 1E = 5.02 ft.

...35._




Accordiné to Eq. 47

9 = 0.18 - 7 - lé =k15.12 psi
According to Eq. 65

Q =16 * 15.12 * 12 = 2,903 1b/in.

According to Eq. 63

'Gu - .16 - 2,903 = 1,156.57 1lb/in.
8 - 5.02

The axial compressive force, Py, can be calculated from the
axial compressive stress, Sp,and the thickness of the roof, 4,

according to

Po = Sy . d ' (75)
Thus, in the present numerical example,

Po = 12+ 7 .12 = 1,008 1b/in.

According to Egq. 64

. 2 2
1,008 - 7 1,0082 (8 + 5.02° - 4 » 5,02 - 7 + 7
Ty, = 5.0z v 1 8 - 5.024 ) ¥
2,903 - 16 + 12 (2,903 - 16 - 12 - 4 - 1,009 * 7 12)]1/2_

64 - 5.022 - 122

1,390.36 1b/in.
According to Eq. 66

v = 2,903/2 = 1,451.50 1b/in.

Case a. (S = o)

P =G, =1,156.57 1b/in.

-36-



Appendix F
Page 52 of 126
According to Eq. 67
s =1,156.57 * 0.77 + 1,451.50 - 0.64 = 1,819.52 1b/in.
According to Eg. 68
N =1,156.57 * 0.64 - 1,451.50 - 0.77 =-377.46 1lb/in.
According to Eqg. 69
F =-377.46 * 0.6 = ;226.47 1b/in

According to Eg. 70

226.47

1,819.52 =~ 0-12

K7 =

According to Eq. 71

2 * 1,156.57

a = = 1
max (7 = 5.02) - 12 97.35 psi
According to Eq. 74
_ 1500 -
Kg = =6 . 97.35 = 2.57
thus:

We see that K7 < K8'

K = K7 = 0.12

It is obvious that the examined excavation is structurally un-

stable and the roof will fail by sliding without artificial support.

Case b. (S, 12 psi)

il

P =gG 1,390.36 1lb/in.

1
According to Egq. 67

S =1,390.36 - 0.77 + 1,451.50 - 0.64 = 1,999.54 1b/in,

-37-
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According to Eq. 68 | | ’;
N = (1,390.36 * 0.64)-(1,451.50 *+ 0.77)= -227.83 1lb/in.

According to Eq. 69

F = -227.83 * 0.6 = -136.70 1lb/in.

According to Egqg. 70

. _ _136.70  _ . | o
K7 = 71,999.512 0.07 | |

| According:to Eq. 73

o _ 16 - 12+ 2,003 _ .
A = =g 1,390.36 _ o0-1lin.

According to Eq. 72

s = 2°1,390.36
max 7.12 - 50.11

82.05 psi

According to Eq. 74

_ 1500 _ o
Kg =% . 82.05 305 | o

We see that Kg < Kg, thus:
K = K7 = 0.07

The structure is less stable than in the case of absence of

horizontal stress prior to cracking.

7. CALCULATION OF ROOF TENSILE AND COMPRESSIVE STRESSES AT
INTERSECTIONS

Plate theory implemented with finite difference method is
the usual analytic approach to the roof stability at intersections
of underground openings. On the basis of the analytic results
of such an approach(?l%he following graphic method for the cal-
culation of tensile and compressive stresses has been postulated.

-38-
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The maximum negative moment at the abutments (the ends
of unit beam) is calculated through Eg.37for the exist-
ing room span, L, and the uniform load on the beam, per
unit width, per unit length, q.

The maximum positive moment at the center of the uniformly
loaded unit beam is calculated through the equation,

]. ' | '
M(x=1L/2) = —37 9L° : (76)

which is derived from Eq.3lfor x = ~%~\\

A pillar factor, C, is defined and calculated according
to the expression

c=-31-n2 (—Ep)(—533)
-1 i Ey - HA (77)
where ﬁ RESRI B A £

n = Poiss&n ratio of the roof plate in‘the hori-
zontal direction .

Ep = Modulus of elasticity of the pillar in the
vertical direction

Ey = Modulus of elasticity of the roof in the hori-
zontal direction

H = Height of the pillar

d = Roof plate thickness

A = Center—to~center distance between pillars,

(Figl0) (18)

From Fig.l{%%é multiplication factor, I, can be calcu-
lated for the pillar factor, C, calculated above. Two
values of I must be calculated, one for the maximum
positive moment at the center of the unit beam and one
for the maximum negative moment at the ends of the beam
(abutments). If the pillar pattern is regular, the
curves R should be used and if it . is .staggered,  the
curves S provide the I's. “The" sign- (+) stands’ for the -
positive moment and the sign (-) for the negatlve moment.

The ratio of the room span L (width ‘of 'main haulageways)
to the center-to-center distance. ween pillars, A,
must be calculated. From Fig.l12a cond multiplica-
tion factor, II, can be calculated for the exissting L/A.

-39-
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Multiplication
Factor 1

Pillar Factor C

Eigure 11

Calculation of Multiplication Factor I
as a Function of the Pillar Factor C,

and the extreme Moments

Maximum positive moment at the center of a unit beam for

regular pillar pattern

Maximum negative moment at the abutments of a unit beam

for regular pillar pattern

Maximum positive moment for staggered pillar pattern

Maximum negative moment for staggered pillar pattern
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M. dticoton Factoe U

s | ] i ] % !
4 5 ? 5
L‘a
Figure 12

Calculatlon of Multxpllcatlon Factor 1T
as a Function of Room Width, L, to Center-
to-Center Distance, A, Ratio, and the ex-
treme Moments (4R, -R, +S, -S, same as in
caption of Fig.ll)
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The ratio of the crosscut width, B, to the main room
width, L, is calculated and the multiplication factor III
is determined from Fig.13 . (18)

The maximum negative moment (as calculated in Step 1)
is multiplied with the multiplication factors, I, IT,
and IITI (as calculated in steps 4,5, and 6 from -R or
-S curves).

The maximum positive moment (as calculated in Step 2) is
multiplied with the multiplication factors I, II, and
IITI (as calculated in steps 4,5, and 6 from +R or +S
curves).

The maximum tensile and compressive stresses are calcu-
lated from Eq.35 where M, is the greater in absolute
value of the two extreme moments calculated in Steps 7
and 8. For a regular pillar pattern the maximum nega-
tive moment (calculated in Step 7) has always greater
absolute value than the positive maximum moment (cal-
culated in Step 8).

The ratio of the compressive strength of the roof rock
to the compressive stress (as calculated in Step 9) is
determined.

The ratio of the tensile strength of the roof rock to
the tensile stress (as calculated in Step 9) is deter-
mined. -

The minimum of the two ratios calculated in steps 10

and 11 is the safety factor of the roof at the inter-
section.

The above twelve-step calculation allows determination

of the safety factor of the roof at the intersection, for

the given room span, L, crosscut span, B, the center-to-

center distance, A, and the pattern of the pillars (regular

or staggered). Thus, two alternative room-and-pillar de-

signs under consideration can easily be comparatively eval-

uated in terms of safety factors at the intersections.

Obviously, the pattern with safety factors between 4 and 6

is the better one, because it does not overdesign or under-

design the intersections.
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Another very valuable utilization of the above twelve-
step calculation is the determination of one parameter of the
L,A,B, L/A, or B/L, when all the rest are given, in order
for the safety factor to assume a desired given value, e.g.5.
In this case, a computer algorithm should be built allowing
determination of the sought parameter by the trial-and-error,
i.e., spanning the variable of concern over a spectrum of
numerical values (everything else being constant) until the

desired safety factor is achieved.

Numerical Example 9

Find which of the following two intersections is safer: The
first is the intersection of a main haulageway 16 ft wide, and a
crosscut 12 ft. wide. The pillar pattern is regular and the cen-
ter-to-center distance is 50 ft. The height of the pillars is
6 ft. and the immediate roof plate is 5 ft. thick. The second
intersection belongs to a staggered pillar pattern with main hau-
lageways 18 ft. wide, crosscuts 10 ft. wide, and center-to-center
distance of pillars 60 ft. Obviously the sides of the regular
pillars along the main haulageways are 38 ft. long, and the sides
along the crosscuts are 34 ft. long. The sides of the staggered
pillars along the mains are 50 ft. long and the sides along the
crosscuts are 42 ft. long. The two intersections are located
within the same coal seam, which has modules of elasticity in the
vertical direction equal to 5.10° psi. The roof has Poisson ratio
in the horizontal direction equal 0.33, modules of elasticity in
the same direction eqgual to 1-10° psi, and transverse unit load
aqual to 5 psi. The compressive and tensile strength of coal

are 150 psi and 80 psi, respectively.

Solution
Given Sought
Lg = 16 ft. Kgr
B = 12 ft Kg



Given
Hp = Hg = 6 ft.
Lg = 18 ft.
Bg = 10 ft.
AS = 60 ft. ;
Ep, R = Ep,g = 5107 psi
np = ng = 0.33
EN,R = ER,S = 110" pSl
dr = dg = 5 psi
Scomp = 150 psi
Stens = 80 pSi
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Sought
Kr ,Kg
- where subscripted R and S
stand for regular and stag-
gered pillar patterns,

respectively

(1) According to Eq. 37
, 1 2 2 ) )
Mpax,R = -~ 75— *© 5 + 16 - 127 = -15,360 in-1b/in
1 2 2 : .
Mmax,S = - g5 5 .18 - 12 = -19,440 in-1lb/in
(2) According to Eg. 76
1 2 2 . :
M(x=L/2),R = —354— * 5 + 16 12 = 7,680 in-1b/in
1 2 2 . .
M(X=L/2),S = 53 ° 5 -« 18 12 = 9,720 in-lb/in
(3) According to Eq. 77
3 2. 5.10° 504 3
_ 3 _ 2y, 5-10° 604 _ 3
, 3 3 i
(4) From Fig. 11, for CR::B'lO and Cg = 6-10 we find
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I + = 2.20
Ig + = 2.24
Ig - = 1.25
(5) R - ég = 0.32
Ag
L 18
S = = 0.30
Ag 60
From Fig. 12 for —%~ ~ 0.35 we find

IIR +:l.04
IIR — 20-98

From Fig. 12 for —%—=r0.30 we find

IIs+ zl.O
IIS“ 20.9
(6) Br  _ _._}.__%__ = 0.75
L
R

Bs. - L0 - o.s6

I, 18

S

From Fig. 13 for % = 0.75 we find
IIIgy =~0.93

IIIR_::O.81

, B

From Fig. 13 for T~ 0.55

ITIg, ~0.82

IIIg_ =0.70

-4 ] -
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(7)) Mpax,r = Mpax,R * Ir- ITp. - IIIg. where —£4 stands for
intersection (78)
Accordihg to Eq. 78
_.7L..._

Mpax,r = ~15,360 - 1.34 - 0.98 - 0.81 = -16,338

Similarly

..+-

Mpax,s = Mmax,s Ig. = Ilg. IIIg- (79)
According to Egq. 79

—-?4—

Mnax,s = -19,440 -+ 1.25 - 0.9 - 0.70 = -15,309

wrarflomnm .

(8) M(x=1/2),R M(x=r/2) ,R ~ IR+ * IIgpy IIIgy (80)
According to Eg. 80
._.’L_

M(x=1/2),R = 7:680 2.20 1.04 - 0.93 = 16,342
.__7L._
M(x=1/2),s5 = M(x=1/2),s * Is+ * Ils+ IlIg, (81)
According to Eg. 81
—Fr— ’
M(x=1/2),8 = 9,720 -+ 2.24 1.0 - 0.82 = 17,854
— ‘_, ——
(9) ’MmaX,R‘ = 16,338 < | M(x=r,/2),r| = 16,342
o — .
(tens), * 616,342 = 4 . .
(comp)R (5-12) 2 + 27.24 psi

e s
|Mnax,s| = 150309 < | M(yor,/0)5] = 17,854

6-17,854
(5-12) 2

= + 29.76 psi
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(10) K8,R=£—]2:775-(%:2-4' 5.51

Kg,8 = 35,75 = 5-04 }
(1) KgeR =33 = 2,94 ‘

KgrS = 2977 = 269 ,
(12) Kg/R = 5,51 >Kg p = 2.94 |

Ky = 2-94

Kg/S = 5.04 > K;,8 = 2.69

oglo,s = 2.69

Kyg/R = 2.94 > K giS = 2.69

()

The intersection within the regular pillar pattern is safer than
the intersection within the staggered pillar pattern, but not by

much. Both intersections need artificial roof support.
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8.  AVERAGE PILLAR STRESS AND PERCENTAGE OF OVERBURDEN WEIGHT
' CARRIED BY A PILLAR AS FUNCTIONS OF PILLAR DIMENSIONS AND
PERCENTAGE OF SEAM EXTRACTION /

The effective or average Young's modulus in the direction of

the pillar length, Ey, is a function of the percentage of recovery.

Specifically:

= _ AN

By ar B (82)

where

EY = effective Young's modulus in the direction of pillar length
22

A" = shaded area in Fig. 14 (22)

A' = total area enclosed by the dotted line in Fig. 14

B = Young's modulus of the ore composing the pillar in the

direction of pillar length.

Eq.82 may be rewritten as:
A" _ _Ey=R

The average stress ratio in the y direction is determined from

the minimum lateral dimension of the pillar, W, and the bed thick-

ness or pillar height,H . 1In Fig. 14, WX<:Wy. Hence, Wy = W.

Let us consider an area A compressed with an overburden pressure
S yr

Sy = D -7 (84)

i) = overburden thickness (in inches)
# = mass density of the overburden (lb/cu.in.)

Let us also define by , the average stress in the direction

"E"
Yy
of the first subscript produced by an applied stress in the

._.50_.
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A simplified pattern of pillar
recovery employed for the deri-

vation of average stresses.
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direction of the second subscript. On the basis of structural

mechanics we may show that:

g
Yy _ 2W + H
Sy 2W + H/R (85)

g

and also that the ratio of the average pillar stress, ‘py, to

the overburden pressure, Sy is

oy _ %yy . E (86)
SY SY Ey

Substituting 3§y/sy and E/ﬁy in eq.86 from eq.85 and 83,

respectively, we find

. ’ ]
pY _ 2W + H A 2W/H + 1 A (87)

S, W+ H/R A" - W/u ¥ A/A" A"

Thus, it is apparent that_‘;i)y/sy is a function of the W/H ratio
and the percentage of remaining coal, A"/A'. By assigning values
to A"/A' from 0.10 to 0.50 and values to W/H from 2 to 100 and
plotting the resg&;s of eq.87 in semi-logarithmic scale, the
plots of Fig. 15 are obtained. These plots allow the calculation
of the average pillar stress, ?;y, from the knowledge of the mass
density of the overburden, ¥, the overburden thickness, D; the
minimum lateral dimension of the pillar, W,‘the height of the
pillar or the bed thickness,H , and the percentage of recovery,

1 - A"/A', Similarly, if the maximum allowed pillar stress is
given, the maximum percéntage of recovery can be found, for a
given W. Furthermore, if maximum allowed pillar stress is given,
and a certain percentage of recovery is desired, the minimum

pillar width needed, can be calculated.

Since the concept of overburden weight to be supported is
easier to comprehend and deal with than the concept of average
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L1 4 ] 1 1 ] | 1.1
2 3 4 5 6 7 8 910 20 30 40 50 60 708080100

Figure 15
The ratio of the average pillar stress, °py to
the overburden pressure, Sy, as a function of
the percentage of recovery, (1-A"/A’)-100, and the ratio
of minimum lateral dimension of pillar, W, to the
bed thickness, H.
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carried by a pillar as a function of the percent-
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stress due to the overburden weight, Fig. 16(%5 introduced. In
this figure the actual percentage of overburden weight carried by
a pillar is given as a function of the percentage of recovery and

the W/H ratio.

The above calculated average pillar stress has been derived
on the basis of finite-element theory. The same property,
however, can be calculated also empirically on the basis of
statistical correlation of a large number of observations. This
has been done for coal mines in South Afric;?3xrhe obtained

formula is

1D _ 1.1 (W + L) Wmax + L)D, v B
= = <= (psi) - (88)
e W Wmax : : _

where

= Room width (or roof span) -ft (where Lx =1 )

v/
= Overburden thickness - ft .

. 4 A
= Percentage of recovery (extraction ratio) (1- -7¥)

L

Whnax Pillar length (maximum lateral dimension) -ft max/’Wx' W
D

e .

Attention must be drawn to the fact that e is not an
independent parameter but a function of L, W, and Wmax-Indeéd, if
the éntire coal seam is divided into unit surface segments such
as the one bordered by the broken line in Fig.l752%ﬂen the

extraction ratio within this segment is

w ., + L) " (W+ L) - (wmax - W) . (89)

W + L) * (W+ L)
max

Obviously, this is also the ewtraction ratio within the entire
coal seam. Substitution of e from eq.89 into the second part
of Eq. 88 produces the third part.

Whether or not eq.88 is valid for a given.NorthA’American

=55~
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coal seam depends upon the similarity of the stress field of this
seam with the corresponding stress field in South Africa. A

discussion about stress fields was made in pages 6-8.

Numerical Example 10

-Find the safety factor of the pillars in a room and pillar
mine within a coal seam 6 ft. thick, under an overburden 500 ft.
thick of 0.11 1b/cu.in. mass density, when the compressive
strengﬁh of the coal in the vertical direction is 2,500“psi,'the
minimum pillar width is 50 ft., and the percentage recovery
during advancement is 60% (the remaining coal in thée pillars

represents 40% of the total initial coal in the seam).

Solution
Given Sought

Yy = 0.11 lb/cu.in. Kp
W = 50 ft,.
H =6 ft.
D = 500 ft.
Scomp = 2,500 psi

1 .
A= 0.4
According to eq.84
Sy = 500 - 12 'O.ll = 660 psi
According to‘eq.87

py _ 2 °50/6 + 1 1
660 2 °50/6 + 1/0.4 0.4 2-30

= §~O— -
6 8.33

=

=57 =



: | ~  Appendix F
. . "Page 73 of 126

From Fig. 15 for 60 percent recovery and W/h = 8.33 we find

e
—521 ~ 2.33
y

The agreement is very well within the limits of the accuracy of

graphic representation of analytic formulae.

From the analytic calculation performed above, we find

Spy = 2.30 660 = 1518 psi
The safety factor Kll is
Scomp 2,500
= P.. = ’ -
K11 = 1,518 ~ 193

Numerical Example 11

Find the minimum allowed width of pillars in the coal seam
of example 10, if the desired safety factor K; and percentage of
coal recovery e, during advancement are 2 and 0.5, respectively.

Solution

Given ‘ Sought
y = 0.11 lb/cu.in | W - ft
h = 6 ft. -
D = 500 ft.
Scomp = 2,500 psi
6 =1 - %; =1-.5=.5
K = 2.0

It was found in example 10 that

Sy = 660 psi -

-58-



Appendix F
Page 74 of 126

S comp P S, 2,500 -
= —= py = —WP= 55 = 1,250 psi -
Py 1
Tpy = 1,250 1.89
Sy 660 .
According to eq.87
. 2W/6 + 1 . 1
1.89 = 5476+ 1/0.5 0.5 or
. 0.33W + 1 =
0-95 e O-g:“33ww T 2 | = W = 45 ft.
Wl i% = 7.50
H

From Fig. 15 we also find that for ?py/Sy equal to 1.9 and

percentage recovery edqual to 50%,W/H is equal to 7.3 which agrees

very well with the analytic result.

Numerical Example 12

Find the maximum allowed percentage of coal recovery during

advancement, if the desired minimum pillar width and the safety

factor in the coal seam of examples 10 and 11 are 40 ft. and 2.5,

respectively.
Solution
Given Sought
Yy = 0.11 1b/cu.in. A"
1

H = ¢ ft. A
D = 500 ft.
S. = 2,500 psi

comp
W = 40 ft.
K. = 2.5

11

It has already been established

in example 10 that

_59_
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S = i
v 660 psi

It was also shown in example 11 that

— S
0n, = _comp _ 2,500 _ .
py K, 5.5 1,000 psi -
py . 1,000 _ .
Sy €60 1.52 "

According to eq.87

2 *40/6+ 1 . ! A' A" '
1.52 = ) ,4356 ¥ A'/A" %,—,' - K_'T = 1.58 -& A—'— = 0.63

The maximum allowed percentage of recovery is
(1 - 0.63) =100 = 37%.

Unfortunately, Fig. 15 does not include curves for % of recovery
less than 50, thus, comparison with the graphic solution is not
possible.

k13

Numerical Example 13

1

Find the minimum allowed pillar width in the coal seam of
examples 10-12, if the desired percentage of recovery during
advancement and the percentage of overburden weight supported by

the pillars are 60% and 90%, respectively.

Solution
Given Sought
H = 6 ft. W - ft.
"
%—. = 0.40

% of overburden weight :supported = 90%

_60_
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From Fig. 16 we find that for 90% of overburden weight supported

and 60% recovery, the W/H ratio required is

= 6.5 & W = 6.5°*6 = 39 ft.

o=

Numerical Example 14

Find the maximum allowed percentage of recovery during
advancement in the coal seam of examples 10-13 if the desired

safety factor is 5 and the minimum pillar width is 35 ft.

Solution
Given Sought
H = 6 £t A"
AT
W = 35 ft
Kyp = 5
D = 500 ft.
Y = 0.11 1lb/cu.in.
S. = 2,500 psi
comp

It was found in example 10 that the pressure due to the overburden

weight is

Sy = 660 psi

The maximum allowed pressure on the pillars is

Scomp _ 2,500

= 500 psi.
K11 5

S
max =

The percentadge of overburden pressure allowed to be conveyad by

the pillars is

®max _ 500 _

Sy © 660

<
~J
N
il
~I
)}
oe

._A.61,,



8]
}1 .
s

W o_ 35 _ ;
: 5.83 .

ol

From Fig. 16 we find that for W/H = 5.8 and percentage of over-
burden supported equal to 0.75, the maximum allowed percentage of
recovery is between 80% and 85%, and approximately 81%. Thus, for

5

safety, the answer is

¥

” . ‘ . : XS
%T = 100 - .80 = 20%

Numerical Example 15

Find the prevailing safety factor of the pillars in the coal
seam of examples 10-14, if the pillar width is 30 ft., and the

percentage of coal recovery during advancement is 70%.

- Solution

Given Sought
W = 30 ft. ‘ 11
h =6 ft. S e
scomp = 2(500 psi - o
D = 500 ft. '
Y = 0.11 1lb/cu.in.
All
-A-r=0.30
W _ 30 _
H =7 =9

from Fig. 16 we see that for W/H = 5 and percentage of recovery
@qual to 70, the percentage overburden supported by the pillars
is 823%.°

We have found in example 10 that Sy = 660 psi. Thug, the

)

pressure carried by the pillars is

-62-
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Snax = 660 - 0.822 = 542.52 psi

The safety factor is

s
_ comp_ 2,500 _
1 T s 542,52 4.61

max

Numerical Example 16

Find the safety factor for the pillars in the coal seam of
the examples 10-15, when its stress field is similar to the

South African case, the extraction ratio durina advancement ie 70%,
the minimum pillar width is 40 ft. and the pillar length is 70 ft.

Solution
Given Sought
0.70 Kll
40 ft.
70 f£t.
= 2,500 psi
500 ft.
6 £t.
0.11 1b./cu.in.

s =20
o

1

max

comp

O W
it

~ I
it

We solve eq.89 with respect to L:

(70 + L) (40 + L) = 70 - 40

0.70
(70 + L) * (40 +1L)

0.3L% + 33L - 1960 = 0

L = 42.77 ft.

According to the first part of eq.88

‘py =

i'f 500 _ 550 1,833 psi.

0.70 _ 0.30

-53=



According to the second part of eq.88

P )

7 py

1.1 (40 + 42.77) (70 + 42.77)

40.77

The safety factor is
Scogp 2,500

K = = ! = 1.3

11 Ty | 1,833 6
For comparison purposes, we calculate
o= A= 667 ft.
H .
Fig. 15 shows that for W/ =

;E _
~§—X- = 2.79 = py = 2.79

Appendix Y
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1,833.46 psi

s u

e .

by also through Fig. 15.

660 psi

6.7 and percentage recovery = 70%,

- 660 = 1,841 psi

We see that the two fo;mulae (eq.87 and 88) agree exceptionally

well, despite their very different origins (theoretical and

empirical, respectively);

_.64...
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9.  AVERAGE PILLAR STRENGTH AS A “UWTION CF PHE PILLAR SEAPE

(1) Cubical Pillars

The strength of cubical piitlave hag been treated statistically
(25)

on the basis of the weakest link theorvy. This theory asswies a

normal (Gausian) distribution of the Prequency of destruction of

a pillar at its weakest point (usually the most serious flaw point)

over the field of compregsive strengih valuces of Lhe pillan (Fig.

25) . ) ,
l8ﬁ Flaws can be weaknesses ouch oo crack:s, joinlb sets, forveign
1

body inclusions within the coal, <to.  The stvervcih of the weal-

est element in a cubical pillar, S, 5 givoe by the theory as

1

Sy = Sy — 9(Sy) [(2 log w10 0 (dog v )

PUNEDN

log (4m) } < (2 tog w) U (00)

where

N = the number of flaws in the cubical pillir of one cubic inch dimension
Sy = the average strength of a untt cube of the coal conastitulting
the pillar, containing d, Ulaws

7(Sy) = the standard deviation of the strength of the unit wube,

Su-

The standard deviation of the v ongtts b o he weakeosl e lemant

in the cubical pillaxy, 5y, i

. 90 mav be rewvitten as

_ 5 — =1 - f((_“ ) vt ey
C
S u ~ua

where F(N) is the polynomial in t(ho brackes at the o abi hand side

of Eg. 90. For Ny = 55, the reduced pillar sbroogt! 90 /35 has
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been calculated for a numbef of 9(Sy)/Syu values, according to

Eq. 92. The results are plotted in Fig. 19, (25) for pillars of
cube side 1-18 times the unit cube size. The dependence of SN/Sy
on Wy/W, can be understood if the dependence of N on W&/Wﬁ'where

Wy equals width of the pillar and Wy equals width of‘ﬁhefunit cube,
is recalled. The curves of Fig. 19 can be used for any .coal seam
of any flaw density, if the unit cube for this seam has been de-

fined accordingly. For example, for a coal seam containing 18,000

flaws per cubic foot, a volume of 55/18,000 cu.ft. contains 55
flaws and this volume should be selected as the volume of the
unit cube in order for Fig. 19 to be applicable to the given
seam. The side length of the unit cube should be 1.74 inches. It
has been shown(ZS)that all empirical Egs. 93-97 can be fit by

Eq. 92 with excellent precision for properly chosen Ny and ¢(S,)/
Sy values. These parameters can be determined very precisely
through laboratory tests and in-situ observations: Indeed, N

can be determined through observations. §,; can be measured
through compressive tests. o(Sy) is an index of the scattering

of flaw sizes and orientations around a mean size and a mean

orientation, respectively.
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Numerical Example 17

Find the average strength of a cubical pillar, with 14 ft,.
cube side length, and 110 flaws/cu. ft. density of weaknesses,
The compressive strength of a coal cube of 9.52 in cube side length

is 15,000 psi. The standard deviation of this strength is 2,250 psi.

Solution
Given Sought
Wy = 14 ft. SN -psi
Su = 15,000 psi
o(s,) = 2,250 psi
Wy = 9,52 1in.
Nu/Wo = 110 flaws/cu. ft.
“(54) 2,250
S 15,000 = 0.15
u
N = 110 - 145 = 301,840 flaws
log N = 5.48
log (log N) = 0.74
(2 log N)% = 3.31
log (47) = 1.10
(2 log N)™% = 0.30
F(N) = 3.31 - % 0.74 + 1.10 0.30 = 3.03

According to Eq. 92,

0

N

g = 1 -0.15 - 3.03 = 0.55 =
u

SN = 0.55 - 15,000 = 8,250 psi
In order to be able to calculate SN from Fig. 19, the unit cube
must have size such that Ny = 55. But the size of the unit cube
is automatically fixed once an Su value has been used. In the

present case Wu = 9,52, because Su = 15,000 psi corresponds to this
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size. In order for No*to be equal to 55, the unit cube must have

volume

_ cu, ft. _
= 0.50 unit cube

3V= 55 flaws/unit cube
u 110 flaws/cu. ft.

W
864 cu. in./unit cube ==

W, = (864) Y3 = 9.52 in.

We see that the reading of the problem has been set in such a
way that the unit cube corresponding to the given Su and the unit
cube required for use of Fiq; 19 with the given flaw density, are
identical. This allows cdldulation of sy from Fig. 19 and
comparison of the two results.

14 - 12

= -—g—:‘g-“—- = 17.65

gzgﬁ

For WN/Wu = 17.65 and 0‘(Su)/su = 0.15 we find from Fig. 19 that

Sn/su = 0,481 =&

Sn = 0.481 ° 15,000 = 7,215

We see that the accuracy of Fig. 19 is limited. Also the
applicability of Fig. 19 is limited because WN/Wu is much larger
than 18 for most practical cases. Finally, very seldom will we know
s, for the particular w, which has N, = 55. Thus, Eq. 92'is a
much stronger tool of calculating SN than Fig. 19.
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(2) Rectangular Pillars

In the same South African study, which produced eq.38(23) the
average pillar strength was also determined empirically. The

developed equation is

_ WH Cq (W Ca -0.1 , W ,0.5 (93)
S = Sy (WuHu) 3 (g 4=~ 1300 (WH) ("ﬁ“)
where
S = Average strength of the pillar in question - psi
W = Minimum lateral dimension of the pillar in question - ft.
H = Height of the pillar in question - ft.

C3,C4= Empirically determined constants

Subscripted quantities correspond to a reference pillar, the

‘strength of which is known.

The general case of Eq. 93 with undeterniined a and b is
expected to hold in American coal mines. It can be useful when a
and b have been determined for the particular mine or coal field
where the formula is to be used. Whether or not the approximate
formula with the given numerical constants is valid must be checked

in each case before it is used.

The pillar strength, once known, contributes an important input

to the use of the graphs of Figs. 15 and 16.

An alternative expression to Egq. 93 describing also the South
(23)

African observations is:

g = CSW0.46H-0.66 ‘ (94)
where —

Cg = Empirical constant

Coal-pillar jacking tests have suggested(26) a similar expression for

pillar strength. This is,
S = 2,800 WO.S g0.83 ' : (95)
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With W and h expressed in inches. Graphical illustration of the

formula is given in Fig. 20.(29)

Laboratory tests on West Virginia coals have also demonstrated(lz)

validity of the relation,

S = c6w0‘5 H"1-9 (96)

where;

Cg = Laboratorily determined constant
Eq. 96 has also been proposed by a South African studyf27) The
implications of Eq. 96 can be summarized through the following
three rules:

1. For pillars with square cross-section of the same width
but different height, it holds that:

1 H2 (97
52 Hy ,
This relationship is illustrated in Fig. 21(27)
2. For pillars with square cross-section of the same height

but different width, it holds that:

0.5 N ,

Sy _ (_‘“_’;.) (98)
Sp  \W

This relationship is illustrated in Fig. 22(27)

3. For cubical pillars with sidelengths Wp.y and Wpax2, it

holds that:
S
“1 _[Wmax?2 (99)
Sy Wmaxl

This relationship is illustrated in Fig. 23(27)

(28)

Finally, an alternative relation derived from laboratory tests
on specimen compression to destruction is

~ oq0-16 z-0.55
S = CqW H (100)
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where

Cg = Experimentally determined constant being a function of

the nature of the coal specimen

5)

. 2 - . ) o
Finite element theory has produced( for the averaye strenytn
of rectangular pillars the expression,

Su{c9W ~ 1 + %C9W ("max - W)C10 - €10 (ﬁmax + Wy 4 wmax WCio (C10 - %)} (101)

2
Wmax W {C9 +C 10 (C10 - %) - C10 - 1%

S.. = the average strengthof a unit cube of the coal constituting

the pillar with side length equal to the height of the pillar

Wnax = the length of the pillar
W = the width of the pillar (the smaller lateral dimension)
Cig = InCy = 2.303 log Cy , (102)
C9 is a material constant of the coal of concern.
W = W/H (103)
and
Wpax = Wmax/H (104)
where
H = Height of pillar (usually equal to the thickness of the coal

seam)
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Figure 20

Graphical illustration of Egq. 25. It is important

to realize that the formula is based on observations
of pillars 2.4 to 5.3 ft. tall and 1.0 to 5.3 ft.
wide. Thus, the graph is subjected to the uncertain-

ties of extensive extrapolation.
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Numerical Example 18

Find the average pillar strength of a pillar 50 feet wide,
6 feet tall.

Solution
Given | Sought

W = 50 feet S - psi
H = 6 feet
According to eqg. 93

S =~ 1300 L 51 (%9)0'5=2,108 psi

(50 - 6)°°

According to eq. 95

S = 2,800 (50 - 12)0'5(6 . 12)“0'83 =

2,800 - 24.49 _ 1,970 psi

34.80

The agreement is very good.
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‘Numerical Example 19 Ve

Find the average strength of a pillar 36 in. tall, 51 in.
long, 46 in. wide, with material constant Cg equal to 1.62 when
the flaws density is 92 flaws/cu. ft. The average strength of
a unit cube of the coal constituting the pillar is 1580 psi. The
standard deviation of‘thé strength of the unit cube is 258 psi.

% § Solution
:;i L3 u\wv,/e..,; '
Given : Sought
H = 36 in. i S - psi
Wpax . = 51 in.
W = 46 in.
C9 = 1. 62 ‘W‘Mﬁ,&‘,_,uf«v" o
Ngg3 = 92 flaws/cu. ft.
Sy .= 1580 psi

Ejj o (Sy) = 258 psi y

o

i We first calculate S, according to eq. 90

N = 92-33 = 2,484

InN = 7.817
in (1InN) = 2.056
(2 1nN)1/2 = 3,954

(21nN) "1/2 = 0,253

1n(4r) = 2.531
Eg. 90 gives -
s, = 1580 - 258 [3.954 - 1/2 {2.056 + 2.531} 0.253] = 710

We now calculate S according to Eq. 101:

Cig= 1n 1.62 = 0.482

W= 46/36 = 1.28
Wmax = 51/36 = 1.42
Cof = (1.62)1-28 = 1,854
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0.5 CoW  (Wmax - @) €10 = 0.5 * 1.854 * (1.42 - 1.28) - 0.482 = 0.063

0.5 €10 ("max + W) = 0.5 - 0.482 + (1.42 + 1.28) = 0.651 -

C1o” (C10 - 1/2) = (0.482)2 (0.482 - 0.5) = -0.004
Wmax W c102(C10 - 1/2) = 1.42 - 1.28 - (-0.004) = ~0.007
The numerator, I, of Eq. 101 becomes -
I =710 - (1.854 - 1 + 0.063 - 0.651 - 0.007) = 183
The denominator, II, of Eg. 101 becomes
IT = 1.42 - 1.28 (1.62 - 0.004 - 0.482 - 1) = 0.243
Thus,
S = f%“ = 753 psi

(3) Pillars With Square Cross Section

The same finite element analysis(zs)has also derived the
following expression for the average strength of pillars with

square cross-section:

sy | Co" + W2C1g é?lo - 1/2) - WCig - 1} (105)
W2 {Co + C10° (C10 - 1/2) - C1o - 1}

S =

This is the general expression when €9 1. 1In the special

case of C9 = 1, Eg. 105 is reduced to

_ Su (6+W) (106)
S = L
7
Numerical results of Eq. 105 for different C) values
appear in Fig. 24(25) | 1 this graph S depends on H directly.

In Eq. 105 S depends on h indirectly through 5,and W. In-
deed, S,; is the strength of a cubical pillar of sidelength H,
whereas W is the reduced width of the pillar by its height,

i.e., W= W/h. C1p is defined in Eq. 102. S, is calculated
through Eg. 90.
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Numerical Example 20

Find the average strength of a pillar 30 inches tall, 300 inches
long, 300 inches wide, with material constant C9 equal to 1.096 when
the falws density is 15,600 flaws/cu.in. The averade strength of
a unit cube of the coal constituting the pillar is 25,403 psi. The
standard deviation of the strength of the unit cube is 2,994 psi.

Solution
Given Sought
h = 30in. = 2.5 ft. S - psi
Wmax = 300 inches
W = 300 inches '
Cog = 1.110
Ngi3 = 1,950 flaws/cu.ft.
Sy = 25,403

o(Sy)= 2,994
We first calculate Su according to Eg. 90.

N = 1,950 - (2.5)3 = 30,469 flaws
1nN = 10.324

1n (1lnN) = 2.334

(2 1n N)1/2 = 4.544

(2 ln N)-1/2 = 0.220

In (4w) = 2.531

Eq. 90 gives

Su = 25,403 - 2,994 [4.544 - 0.5 {2.334 + 2.531} 0.220]= 13,400 psi

We now calculate S according to Eqg. 105.

Ci0 = 1n 1.110 = 0.104
W _ = 300/30 = 10
CoW = 71,1100 = 2.839

..81._
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e

2 C10% (C10 - 1/2) = 102(0.104)2(0.104-0.5) = -0.428
W Cyp = 1.040
The numerator, I, of Eq. 105 becomes

T = 13,400 {2.839"- 0.428 - 1.040 - 1} = 4,971 psi
W2 = 102 = 100 | o
C192 (Cyp - 1/2) = 0.1042 (0.104 - 0.5) = -0.004 .

The denominator, II of Eg. 105 becomes
IT = 100 {1.110 - 0.004 - 0.104 - 1} = 0.200

Thus,
4,971 .
S = —ﬁfi——- = 24,857 psi

(4) Barrier Pillars

The previous finite element theory(25)has also developed
the following expression:
Sul1/2 €10 Co¥ - 1/2 C10 + WC102 (C10 - 1/2)}
#{Co + C102 (C10 - 1/2) - C10 - 1}

s = (107)

Barrier pillars are rectangular pillars, which are much longer
than wide. Numerical results of Eq. 107 for different Cg values

appear in Fig. 25(25)
On the basis of laboratory observations,(g)the following em-
pirical expression has also been proposed for barrier pillars:

s =cp [0.778 + 0.222'(—§—)] (108)
where
C11 = Compressive strength of specimens having -g— = 1
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Find the average strength of a pillar 5 feet tall, 35‘féét

wide, and infinitely long, with material constant C9 equal to
1.4, when the flaws density is 200 flaws/cu.ft.

strength of a unit cube of the coal is 2,000 psi.

-deviation of the strength of the unit cube is 250 psi.

Solution
Given
h = 5 feet
Wnax=
W . = 35 feet
Cog =1.4

Nfe3= 200 flaws/cu.ft.

SN

= 2,000 psi

o (SN)= 250 psi

We, first calculate Su according to Eq. 90.

N = 200 - 53 = 25,000 flaws
1nN = 10.127

In(1lnN) = 2.315

(21nN)1/2 = 4.500"
(21nN)-1/2 = 0.222

In (4m)= 2.531

Eq. 30 gives

The average -
The standard

S - psi

Su = 2,000 - 250 [4.5 - 0.5 {2.315 + 2.531} 0.222] = 1,009 psi

We now calculate S according to Eq. 101

Ci0 = 1n 1.4 = 0.336
W= 35/5=17
1/2 C10C9W = 0.5 - 0.336 - 1.47 = 1.771

- 84 -
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w €102 (C10 - 1/2) = 7.03362 (0.336 - 0.5) = -0.130
The numerator, I, of Egq. 107 becomes

I = 1,009 {1.771 - 0.168 - o.13o}= 1,486 psi
C102 (C10 - 1/2) = 0.3362 (0.336-0.5) = -0.018

The denominator, II, of Eq. 107 becomes

IT = 7 {l.4 -0.018 - 0.336 - l} = (0.322
Thus
_ 1,486 _ .
S = .35 4,615 psi
Hence

S/Sy = 4,615/1,009 = 4.574

From Fig. 25 for W/h = 7 and €9 = 1.4 we find that S/S, = 4.667
The agreement is very good.

Eg. 108 gives

s = 2,000 [0.778 + 0.222 - 7] = 4,664 psi

The agreement between Egs. 107 and 108 is indeed excellent,

considering the drastic difference between their origins.

(5) Cylindrical Pillars

According to Ref. 25, the strength of cylindrical pillars

is:

. - Su{cng " 4§2 C102 (€10 - 1/2) - 2R ClO--l}_ (109)
4R2 {Cg + €102 (C10 - 1/2) - C10 - 1}

Where,

R = R/h (110)
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W

i R is the radius of the cross section and h is the height

102 respectively.

Numerical Example 22

of the pillar. S, and Cjg are defined through Egs. 90 and

- Find the average strength of a cylindrical pillar 5 feet

tall, with radius 30 feet; Cyq equal to 1.2, and flaws. density

o of the unit cube is 300 psi.
; Solution
Given
i h = 5 feet
R = 30 feet.
Co = 1.2
Nge3 = 150 flaws/cu.ft.
i SN = 2,500 psi

We first calculate S, according to Eq. 90.

N = 150 + 53 = 18,750 flaws
InN = 9.839 -

1n (lnN) = 2.286

(21nN)1/2 = 4,436
(21nN)~1/2 = 0,225

In (4 7) = 2.531

Eq. 90 gives

Su = 2,500 - 300 [4.436 - 0.5 {2.286 + 2.531

- 86 ~

equal to 150 flaws/cu.ft. The average strength of a unit cube
of the coal is 2500 psi. The standard deviation of the strength

Sought

S - psi

} . 0.225]= 1,332
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We now calculate S according to Eq. 109

€10 = 1n 1.2 = 0.182

R=30/5=6

Cy2R = 1,212 = g.916

4R2 C10 (C19 -1/2) = 4.62 - (0.182)2(0.182-0.5) = -1.517
2R C19 = 2+6 * 0.182 = 2.184 - *
' The numerator, I, of Eq. 109 is

I = 1,332{ 8.916 - 1.517 - 2.184 - 1} = 5,614
C102 (C10-1/2) = 0.1822 (0.182-0.5) = -0.010

The denominator, II, of Eqg. 109 is
IT = 4.62 {1,2-0.01-0.182-1} = 1.152

Thus

5’ 614 —

m = 4,873 Psl

S =

- 87 =
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'

z

(6) COmparison of the Strength of Pillars With Different
- 2_222! ' n

' . 3 B ‘ ) o, »w , S Jr

Thekgeiativewstrthth'of the examined shapes may be evaluated a
on the basis of the least lateral dimension of the pillar, W, or f
on the basis of the cross-section area of the pillar. Results on
the basis of the first criterion appear “in Fig. 26.(25) mhe ratio
Wmax =°ocorresnonds to barrier oillars, the ratio Winax/W = 1.0 to
square pillars and the rest ratios to rectangular pillars. All
pillars have the same material constant Cog = 1.4. The information
presented in this figure should not be misinterpreted. The strength
of a barrier pillar having the same height and width with & square
pillar is greater than the strength of the square pillar. Hewever,
the length of .the barrier pillar is greater than the length of the
square pillar and thus, the additional strength of the barrier pillar

k3

. requires additional loss of coal. 1In other words, the compared o

pillars in Fig. 26 allow different percentages of coal _recovery

and the comparison lacks a common denominator.
’.

The strength comparison among pillars of different shapes on
the basis of their crossesection area is more meaningful. The
comparison is' performed on a common basis by determining an

}equivalent square pillar of equal cross-section area, for each of
'the pillars to be compared. A cylindrical pillar of radius R has

'

an equivalent square piiiar of side b

we= (wrHE . (108)
A rectangular -pillar of 1ength Wpax and width w has an. equlvalent
square pillar of side ; v : ‘% -;; ;
Wag 7 (Wmax¥) )1/2 oo y ,: (1U9)

m‘: -
Strength comparison on the basis of equivalent square pillars is

presented in Fig 27 (25) , e

s
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(7) The Strength of Points Within Pillars as a Function of
Their Distance From the Nearest Free Surface (Pillar Side)

(25)

Finite element analysis has been used to derive the

strength expression

1/2 C102 Sy (C9%¥ +2Cyp - 1) (110)
Cg + C410(C1p-1/2) - C1pn - 1

where
x = the distance of the point of concern from its nearest

pillar free surface

S,; = the uniaxial compressive strength of a cube of the coal
substituting the pillar with side length equal to the
pillar height

At the limiting case of *x=0, i.e., on the four sides (or the

cylindrical surface) of the pillar, eq. 110 becomes

3 g
clO 21 (lll)

=
g *t Cig " (C10- 1/2)- Cjqg - 1

Numerical results of eq. 103 for different C 9values and for

different reduced distances x/H (where H is the height of the pillar)

are plotted in Fig. 28.(25)
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10. MEAN VERTICAL PRESSURE INCREASE ON A PILLAR AS A FUNCTION
OF THE PERCENT OF PILLAR RECOVERY

It has been determined(BO)

experimentally that the mean
vertical pressure increase, AP, in a pillar is approximately a
parabolic function of the percent of pillar recovery, e,

2

AP = -0.1le + 0.356e (112)

Graphic presentation of this equation is given in Fig. 29.
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'II. OPTIMAL DESIGN OF ROOF BOLTING

SELECTION BETWEEN TWO ALTERNATIVE BOLTING PATTERNS IN A
MANNER MINIMIZING TOTAL STEEL CONSUMPTION FOR A GIVEN ROOF SAG

Let us introduce the following notation:

dmin = minimum roof sag observed immediately upon the opening
of an excavation
d = maximum roof sag allowed to occur at any time after
max .
bolting
~d = thickness of unsupported strata over the roof due to

detachment from the higher layers of overburden. 1In
Fig. 1, h is equal to dl + d + 4

3
L, = bolt length
db = roof sag after bolting, expected to occur due to the
weight of the bolted layers. In Fig.30, is due to

the weight of layers 1 and 2, since the bo?t length
happens to be equal to dl + d2

d: = maximum roof sag expected to occur without bolting

P prior to roof destruction. In other words, d_ is the
maximum roof sag to be calmly acquired before®cracks
or violent burstings start to occur

d = roof sag after bolting, expected to occur due to the
weight of the part of the unsupported layers which
remain unbolted. In Fig. 30, du is due to weight of

layer 3
Obviously,
dmax = db +:}du (113)

It has been found(z)that

dy = 9dpin * (dnax ~ dmin) 2? . - (114)

The normalized deflection, Hb, is defined as
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Figure 30

Suppdrt of detached layers over the roof through
reinforcement action of bolts penetrating only a

part of the thickness of the detached layers.
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1 = 9p - dy
b dp =~ dpin

(115)

)

It has been observed(2 that the normalized deflection, d

h'
exhibited in a given bolting design is proportional to the bolt-

ing density, P (bolts/ sq.ft.), of this design, i.e.,

where

C = proportionality constant independent of bolting design

Thus, for two different bolting designs, it holds that,

d
b,1

The above equations allow comparative evaluation of the effec-
tiveness of two alternative bolting designs under consideration,
in many aspects. Demonstration of alternative utilizations of the

theory of this section is given in the numerical examples 23-25.

__97_
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A 3.5 x 3.5 £ft. grouted bolt pattern has been employed

successfully with 5 ft.-long bolts.

tion is extended up to 10 ft. above the opening.
in. occurs immediately upon opening the stope.

after bolting, the sag becomes 3.5 in. In similar unbolted stopes,

It is known that bed separa-
Roof sag of 0.7

"infinite" time

the sag became 6 in. after "infinite" time upon opening the stope.
Find the bolt density of an alternative bolting pattern utilizing
7 ft. long bolts, which allows only 2 in. maximimum sag at any

time after bolting. Comparatively evaluate the two patterns.

Solution
Given

d . =0.,7 in.

min

dmax,l= 3.5 in.

dp =6 1in.

d =10 ft.

L =

b,1 5 ft.

L =

dmax'2~2 in.

Pl =1/(3.5 x 3.5) bolts/sq. ft.
According to eq. 114
- - I -

db,l = 0.7 + (3.5 0.7)lO 2.1 in.
- _ g :

db,2 = 0.7 + (2 0.7)lO = 1.61 in.
According to eq.115

= _ 6 - 2.1 _

4,1 = 7.1=0.7 - 27

d = b6 - 1.61 _ 4 8

b,2  1.61 - 0.7

_98_.

Sought

P2 - bolts/sq. ft.
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The bolt density of the first pattern is

_ 1 1
Py = 3.5 %x 3.5 = I7.25 Polts/sq. ft.

Thus, according to eq. 117

- 1 4.82 _ 1 1
P» = 12,25 " 7.79 ~ 7.09 72 % 3.5 Polts/sa. ft.

We see that a pattern achieving the required results with 7 ft.

long bolts is a 2 x 3.5 pattern.

In order to roof bolt an area of 100 sq. ft., we need

_ 100 _

Ny T 1275 <8 bolts.
_ 100 _

N2 = 77—:(—)-5 ~ 14 bolts.

or
"8 bolts x 5 ft/bolt = 40 ft. of steel for bolts

14 bolts x 7 ft/bolt = 98 ft. of steel for bolts

The second pattern requires almost two and a half times the
amount of steel used by the first pattern. Obviously, this
additional expense is needed for restricting the maximum sag after
bolting from 3.5 in. to 2 in. Since the first pattern has been
proven successful, the justification of the additional expense 1is
questionable. Thus, it is of interest to find out what the second

pattern would be for the same maximum sag after bolting. Now we have,

d = 3.5 in.
max, 2
Thus,
— _ 7 _ .
db,2 = 0.7 + (3.5 0‘7)T6 = 2.66 in.

According to eq. 115

a\ — ﬁ - 2.66
b,2 2.66 - 0.7

= 1.70

and according to eqg. 117

1 1.70 _ 1 1
X

Py = 13.75 " 2.79 = 20.10 = 1

= bolts/sq. ft.

-99-
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We see that a possible pattern satisfying the new conditions
would have the 7 ft. long bolts in 4 ft. x 5 ft. positions. 1In
order to roof bolt an area of 100 sqg. ft., we need

100

2 = 56,10 = 5 bolts

Thus .
5 bolts x 7 ft/bolt = 35 ft. of steel for bolts

We see that the second pattern saves 13% of the steel consumed
by the first pattern and achieves identical results. Thus, it is

preferable.

~-100~
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In the case of the numerical example 23, the second pattern

allows the same maximum sag with the first pattern and its bolts

are placed in 5 ft. x 5 ft. distances.

Find the required bolt

length for the second pattern and evaluate it comparatively to

the first.
Solution
Given
d . = 0.7 in.
min
d = 3.5 in.
max,l
d = 6 1nh.,
P
d = 10 ft.
Lb,l = 5 ft.
dmax,2: 3.5
P, = 1/(3.5 x 3.5) bolts/sq. ft.
P2 = 1/(5 x 5) bolts/sq. ft.
By rearranging eg. 117 we obtain
dy,2 = 9,1 " Bo/Py
Thus,
= _ 1 1 -
dy,0 = 2:79 « 35/75.35 = 1-37
By solving eq. 115 with respect to d, we
. db'dmin + dp
\,b - o
db + 1
Thus,
_1.37 0.7 + 6 _ .
dy,2 = — 137+ 1T — - 2-94 in.

-101-

obtain

Sought

Lb,2

ft

(118)

(119)
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By solving eq. 114 with respect to hp we obtain

Ly = (4 = dpsn) B/ 0800~ Qnin) (120)
Thus,
Lb 5 = (2.94 - 0.7)-10/(3.5 - 0.7) = 7.98 =8 ft,.
[4

An area 100 sg. ft. needs

_ 100 _
N2 = 35 = 4 bolts i

Consequently, the total length of steel required in the

second pattern is
4 bolts x 8 ft/bolt = 32 ft,.

We see that there is 20% savings in steel consumption by

selecting the second pattern.

-102-
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In the past, 5 ft. long bolts have been used successfully. It

is desirable to evaluate the shortening of the bolts to 3 ft.

Evaluate the safety impact of this action, when tne maximum safe

roof sag is 5 1in.
Solution

Given
a . = 0.7 in.
min
d = 3.5 in.
max, 1l
d = 6 in.
p
d = 10 ft.
Lb,l = 5 ft,
Pl==P2= 1/(3.5 x 3.5) bolts/sqg. ft.

Lb 5 = 3 ft.
7

According to eq. 118

db,Z = db,l = 2.1 in.

According to eq. 119

a =21 70.7+6 _ 5 4y 40,

2,1 + 1

By solving ejy. 114 with respect to d

_ - 4
dmax h dmin + (db dmin)Lb

Thus,
d = 0.7 + (2.41 - 0.7Y%% = 6.40.1in
max’2 @ @ [ ] 3 o o

max’

we obtain

Sought

d ft.

max, 2

(121)

We see that reducing the length of the bolts by 2 ft. causes a

2.9 in. increase of the roof sag:- Since 5 in. is the maximum safe

roof sag, this length reduction is not permissible.

-103-
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2. LOAD PER BOLT IN A HORIZONTALLY LAMINATED ROOF

An important practical information for the optimal design of
a roof bolting pattern is the load carried by each bolt of the

pattern. We distinguish three cases.

(1) Completely Suspended Rock Lamina

The case is illustrated in Fig.31a(8). A lamina of

length A, width B, 'thickness d, and unit weight ¥, is suspended
from the overlying roof through the supporting action of belts
.exclusively. There are n, rows of bolts containing n, bolts

per row. It has been shown(s) that the load per bolt L. is
given by

n, = Y dBA ' (122)
(ml + 1) \m2 + 1)

(2) Rock Lamina With Clamped Ends and Bolt Suspensions

This is the case of a clamped beam supported throughout
its length by bolts.. The case is illustrated invFig.3lb(8).
It has been shown (8) that the bolt load in this case is

identical with the one of the previous case, i.e., is given

by eq. (122).

(3) Two Detached Laminae With Clamped Ends, Held Together

By Bolts

If the upper lamina is thinner than the lower one, (Fig.
31&8)), or in more scientific terms, if the ratio of the load
per unit length to the flexural rigidity (E-:1) of the upper
lamina is smaller than that for the lower lamina, the upper

-104-
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through bolts
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lamina is resting on the lower one. The load per unit length
transferred from the upper to the lower lamina, ¢, is given
by

q = $2E11179 50, (123)

EjI, +EyI,

Where Ei’ Ii, and a; stand for moduli of elasticity, moments
of inertia, and loads per unit length, respectively. 1In this
case, rock bolting cannot affect the load transfer--suspension
effect due to bolting is nil —--therefore, rock bolting is

totally unnecessary.

If the upper lamina is thicker than the lower one, (Fig.
31&8)) or

q4,/B I, € 91/E1T3
where u and 1 stand for upper and lower lamina, respectively,
then without rock bolting the two laminae will flex to a
different extent and will be detached from each other. However,
if a sufficient number of bolts is installed, the two laminae
can be kept in frictionless contact with uniform transfer of
load along length and width of the laminae, according to eq.l23.
The difference from the previous case of

q9,/E, I, 2 91/B1 T

is that the load transfer is made through the bolts now. The
load per bolt, when n bolts have been installed per row, is

given by

n

where q is given by eq. 123

-106-
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Numerical Example

A giyen clamped roof lamina has been roof bolted by 3/4 in.
diameter mild steel bolts in a pattern consisting of two rows of
bolts with 9 bolts per row. The yield strength of the above bolts
is 11,900 pounds. It has been found that the load per bolt in the
above pattern is 11,200 pounds. Find whether or not an alternative
pattern with 3 rows of bolts having 6 bolts per row of the same

kind of bolts as before improves the bolting effect.

Solution i
Given Sought
nl,l = 2 rows Lt - 1b.
n2,l = 9 bolts/row , -
nl,2 = 3 rows
n2,2 = 6 bolts/row
L = 11,200 1b. -
tl , '
= 11,900 1b.
max

According to eq.122 and the given data

_ d-B°A
Ltl Z+1)(9+1)
and
L d-B- A

t," BFD(6+1)

Division by parts produces
L
t
2_ 30 _
=28~ 1.07 or
Y

y Lty = 11,984 1b.
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Wé éeé th?ﬁfthéiSeééhdfpatternziSahbfﬂohlyuworSefthan the-
first pattern, but it is also prohibited since it loads the bolts

beyond endurance..
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