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ABSTRACT

This report is a part of the project "Study of the Human Factors
“Aspects of an Automated Continuous Mining Section". -
The report covers three phaseé:

 Phase I Assessment of the'Impact of the Automation
Technology on Mining Health and Safety.

Phase 1II Estimation of the Cost-Effectiveness and
Productivity of Automation.

Phase IITI Prediction of the stchological and Organizational -
Impacts of Automated Mining.

The investigation determines that the automation of a continuous
mining section will improve the health and safety of the miner, increase
productivity and decrease mining costs, result in a more attractive and

desirable working environment, and result in a greater rate of return on

capital investment.




Chapter 1
INTRODUCTION

Scope of Work
| The objective of this study is to analyze safety and production
aspects of autoqated undergroun& coal mining through the engineering
analysis of an automated continuoué mining section. The divisions of
the study'age:
Phase I Assessment of the Impact of the Automation
Technology on Mining Health and Safety.
Phase II Estimation of the Cost~effectiveness and
Productivity of Automation.
Phase III Prediction of the Psychological and Organ-
izational Impacts of Automated Mining.
The true measure of the value of innovétion or improvement, such
as automation in mining, is the extent to which it permits a mine to
expand and approach its "theoretically possible" capacity in a safe,

economical, and environmentally desirable working arrangement.

State of the Art

There have been a limited number of attempts to achieve automated
or remote control of major functions in mining operations over the
years. These are documentedvin the bibliography references presented
at the end of this report, and include the much publicized, but
presently inoperative, Joy ''"Push~button Miner' and the presently oper-
ating 15-mile one-way surface rail coal transportation system in the

Muskingum Mining complex of the American Electric Power Company.



Other operations of less magnitude include the use of remote
sensing and controlling devices in cﬁal preparation plants, mine
ventilation and atmospheric environment monitoring systems, fire
detection equipment and coal conveying systems. At leaét one major
‘coal equipment manufacturer is known to have developed a sequential
cutting cycle for a coﬁtinuous miner that\did not find successful
commercial application. In recent.years the development by nearly
all major ;ining equipment manufacturers of control consoles for
femotély operating continuous miners had been well received by the
mining industry, particularly in low vein and retreat mining
circumstances. The development of means for communicating and pro-
cessing large volumes of data from underground sources appears to be
achiefing sﬁccess more readily than the science of monitoring and
auditing mobile machinery and mining systems functions. However,
substantial»gains are being made in this area, Reportedly it is’
rpossible to utilize a video screen and computer'consdlé’to monitor
'éhe fixed electrical machinery of a mine and a wide range of environ-
mental conditions underground from a central location. The unit
utilizes a single visual display unit and depicts the equipment status
information in the form of a "mimic" diagram. Voic;:;;;;;;;;;;;;;‘
facilities are provided throughout the system. The arrangement con-
-.sisting of séveral hundred monitoring statioﬁs can control virtually
any electrically driven stationary equipment, such as conveyors, pumps,
fans, or crushers; perform environmental monitoring, and reportedly
troubleshoot breakdown through computer analysis, Computer printouts

of delays with reasons can be made available. The operational




reliability or functional desirability of the specific system is not
known to the authors.

The major research effort supported by the U.S. Bureau of Mines
to develop a compatible group of underground mining equipment suitable
for automated and remote~controlled operation has been previously
documented and will not be repeated here. The summary and conclusions
regarding these current research efforts are appended at the back of

this report (Appendix C).

Mining Extraction Concepts

This study selects the Automated Extraction System type machine
(AES) currently being constructed by the National Mine Service Company
(see Appendix B for specifications) for a U.S. Bureau of Mines research
contract aé the type of extraction concept to he préjected into the
fully automated and remotely controlled production mode of operation
for straight-ahead entry mining, It is presumed that turms, such as
‘crosscuts, and place changes encountered in the normal mining sequence
will require manual assistance and will be performed concurrent with
the service functions.
"It is recognized that other equipment manufacturers are currently
" performing various levels of research and design on similar types of
extraction systems, The National Mine Service Company prototype
machine is currently undergoing above-ground tests and is more advanced
in its development for potential ﬁroduction evaluation.
The ancillary mining services will also be mechanized and auto-

mated to the extent considered economically feasible, commensurate
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Figure 1-1. Model of the Automatic Extraction Machine (AES). |




with the nature of the individual operation. These ancillary mining
services include ventilation, power, moving, cleanup, rock dusting,
maintenance, mine examination, monitoring, supplying fresh water, and
handling drainage water.

Four stages of progressive and improved mechanization, automation,
monitoring, and remote control mining section operation are compared
to the present level or "Present Stage'" of mechanization. These
stageélm;y be described as follows:

| Stage I - The AES machine functions of cutting—loading, roof-
support, ventilation, and dust control are individually operator
. performed. Face haulage is by shuttle cars. Ancillary services
"are the same as present, and are substantially manually performed
with limited machinery application.

Stage II - The AES machine functions of cutting, loading, roof
support, ventilation, and dust control are activated by a single
operator for automatic performance.\ Face haulage is by bridge con~
veyor. Ancillary services are manually performed with more equipment
aﬁplication.

Stage III ~ The AES machine, the'face haulage bridge conveyors,
‘and a limited amount of the ancillary services are system integrated
for concurrent operation of their respective functions. Operators
would not be required to activate individual machines during straight-
ahead mining, but will have override capability if adjustments are
- required. The machine operator’s role becomes one of technical
serviceman to inspect the machine performance, provide necessary

guidance information and assist in machine service or repairs when

[N



the system is inoperative. Those ancillary services not suited to
system integrétion will be planned for service and maintenance
periods. Monitoring systems are added,

Stage IV - A remote~control mode is applied to the previous
operation. The two major components of the working shift in Stage IV
are:

P:oduction time~Personnel absent frombthe immediaﬁe face.
Service time-Personnel present in the immediate face pri-

marily for planned or emergency service, maintenance,

turning crosscuts and place changing.
The. section remote control station location will be a function of
"monitoring capabilities, but is intended to remove all personnel from
the.immediate face area. The technical servicemen will observe
monitoring, and when necessary, override programmed automatic operation
~ from a remote position during the production mode of operation. A
planned service and preventative maintenance period will be scheduled
in the working shift. Emergency service or maintenance may require
personnel in addition to the regular shift crew, Scheduling of machine‘
turns and place changesrwill be indiéated by continuous monitoring of
" applicable parameters. Although access would be limited, any personnel
entering the production area during production operating periods would
' possess override controls and/or have constant communication capa-
bilities with remote operators. The extent that manual-operator
© assistance will be required in turning crosscuts and changing places
is problematic, but his presence in the machine area for visual

observation and minor position adjustments is projected.




Monitoring and Control Stations

Two types of monitoring and control stations are projected,

Section Remote Comsole. All data relevant only to the monitoring,

control and operation df section equipment will be channeled to the
computerlzed section remote console. This environmentally protected
apparatus will correlate and integrate the information received from
the vgrious monitoring stations on the section including:

1. equipment location,

2. equipment condition,

3. equipment operational audit,

4. roof condition,

5. mine environment,

6, electrical system, and

7. fresh and drainage water monitoring.

Mine Remote Comsole. All data pertinent to the safety and
efficiency of the total mine system will be channeled to a mine
remote console computer located away from the section and probably

outside of the mine.

Scope and QObjectives

This study investigates the levels of mechanization, automation,
monitoring and remote control which may feasibly be applied to the
various job functions in mining, based on health and safety, economic
and humanistic considerationms. Judgeménts are applied on the amounts
of system integration and remote control which will have the greatest

impact on safety and productivity.



The study attempts to review concepts that will assist the
future planning of mining systems, equipment, training and research
programs. It is recognized that technology break-throughsimsuch"as
hydraulic transportation, may alter the desired equipment combinations;
however, the concept of additional mechanization, system integrationm,
and monitoring remains valid.

This study investigates manpower requirements‘for a hypothetical
mine, ﬁtilizing only automatic extraction type (AES) continuous miners
in é partial extraction, room and pillar mining system, It is
recognized that the most optimum utilization of an AES type machine
may be developing panels for some other type of production machine,
such as a shield-type long wall, or a shortwall, where accelerated
development is of vital importance to the efficient operation of the
total mine system. - - -

In the expanding mine concept utilized in this studytfggmgumbgfm )
of operating units (9), and the number of operating unit shifts per
day (18), in the hypothetical mine are assumed to remain constant from
the "present' mine through Stage IV operation. The total mine production
increases with the increase in unit shift tonnage.

The premise of job mechanization, work element éﬁtométion;“”‘““”'—
condition monitoring, and machine system integration have been logi-
cally applied in projecting future unit shift production levels, These
saﬁé ideas have been applied to predict the changes that will take

?lace in personnel job assignments, and the impact on health and

safety.




The individual job functions or work elements involved in coal
production and ancillary mining services are examined in their
present and proposed mode of operation. Modification or changes
in worker assignment with progressive mechanization and automation
are identified.

The productivity potential of the various stages from the Present
Stage through Stage IV is determined utilizing existing time and
motion study data plus application of manufacturers' machine per-~
formance rates for future machines, tempered with judgement.

Personnel requirements for the Present Stage through Stage IV
levels of automation are developed based on the modification changes
in the individual job functions and the logic of personnel changes
consistent with the mine size.

The assessment of the impact of automation technology of mining
health and safety for the various stages of automation is calculated
from a consideration of the amount of time workers are exposed to
accidents, the number of workers in a given occupation, the worker
location, the introduction and modification of machines, and the
utilization of monitoring systems. These factors and the various
levels of personnel requirements for the respective stages are
investigated for impact, based on the MESA injury statistics classi-
fication.

The analysis of the cost effectiveness of automation is examined
for each progressive stage of automation compared to the Present

Stage. A '"profitability index" rate of return after federal income
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taxes (FIT) is calculated for the Present Stage through Stage IV.
Initial and replacement capital, sales income, operating expenses,
FIT, and the time distribution of the expenditures and income are
considered.
The prediction of the psychological ana organizat;onal_impggts
of automated mining is made based on the experiences of automation
in other‘sglected industries. While levels of existing technology
are qgite different, the problems of machine movement and varying
environmental considerations are somewhat similar in aviation and
mining. This is in contrast to the fixed assembly~line robots of
automobile plants. Therefore, the aviation industry is selected as
a model for predicition of the psychological and organizational
changes that will take place as mining technology advances from
"seat-of-the-pants'" mining to "jet-age" automation. Impacts are
considered for union workers and management during the critical
transition period spanning the technology advances from the present
- manual mode of operation to the objective automated mode qfroperation.
The authors would not be so presumptuQus as to postulate that the
development stages presented in this study are the-best or only way
to achieve automated mining. Considerable analysis of the various
‘ alternatives available at each stage of automation is required before
’such conclusions can be advanced. However, this study does establish
a fairly clear potential of the desirability and feasibility of auto-A

mated mining operations for workers and mine owners alike.
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The human factors phase of the study investigates the extent to
which automation will change the nature of the mineworker's job, vary
the structure of managment, and change the interrelationship between
working groups. It reviews the advantages and disadvantages of how the
union worker and management may be affected. It discusses the require-
ments of a successful transition from manually operated continuous
mining to automated remo;e-control continuous mining including such
aspecﬁs As human relations, communications, job analysis, training
and mine maintenance.

. The study speaks to the labor problems of today as projected in
future automated mining. It is believed that job definition (analysis),
training (communication), and improvements in working environment
(physical and humanistic) will be the key to improved mining operations

-utilizing safer and better machines. Certainly the adveréary position
between labor, management, and govermnment must be overcome,

Skilled labor has been described as one of the more difficult
shortages in coal mining today. It has been variously described as
being effected by the "Lordstown Syndrome," after the rebellion in
the auto industry over production-line boredom, to the "Farm Boy
Syndrome.'" (79) This school of thought says the boy hoeing potatoes
in the hot sun is mbre concerned about how long he has to stay out
there than he is about getting the potatoes hoed. So it is identified
for mining; the old-time hands who cared only about "rock in the box"
are rgtiring. The young bloods who now make up the work force are

a different breed, questioning, demanding, and wanting to relate in a
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different way. Their concern for life style, working status, and
adequate training to perform a safe and meaningful job is as important
as their concern for pay. However, the concepts of training and the
new environment developed in automated continuous mining can turn this
into an asset rather than a liability.

Various engineering analyses have been performed as part of this
study. Thgy include investigations of the production potential of
the autpﬁaﬁed extraction system utilizing time study and machine
perfofmance data in a computer program; recommendations and summary
of the Automated ﬁemote Controlled Continuous Mining (ARCCM) Program
Conference and the preparation of a proceedings; and detaii analysis .
of the ARCCM program roéf—bolting requirements. Results of these
specific engiﬁeering requests are appended in the back of this report.
They have helped the authors considerably in developing the perspective
and some of the concepts embodied in the report. -

The study develops cost information for both raw coal and clean
coal-production levels. Research and development cost of the additionmal:
automation equipment and monitoring systems required in the respective
stages is not included in the estimated pufchase priceéq It is.
presumed that research and development will have been accomplished under .
government sponsorships. All monies are in 1976 constant dollars and
the impact of future inflation is assumed to be equal for income and

expenditures.




Chapter 2
MINE DESCRIPTION

Concept

The study is a conceptual projection of mechanization and
automation stages of various mining operations with an engineering
analysis of the effects on health and safety, economics, and human
factors in an assumed mine. The case study situation designated
"Present'Stage",at a hypothetical location, is typical of partial
mining piactices in the northern West Virginia panhandle area.

The tremendous variations in relative excavation capacity for
continuous mining between "average capacity," "best-to-date," and
"theoretically possible" is a documented fact. (21) Operating coal
mines have "built-in" surge capacity in many of the ancillary service
facilities such as haulage, electrical, and ventilation to accommodate
-the instantaneous peak productions that occasionally occur at the
"best-to-date'" and approaching ''theoretically possible" levels. This
‘leads to the premise that a mining layout can accommodate a certain

number of production sections which can operate either above or

13

below "average capacity" with only modest changes in capital expenditure

levels. Therefore the true measure of the innovation or improvement

value; such as automation in mining, is the extent to which it permits -

a mine to expand and approach its '"theoretically possible' capacity.
Such a procedure is adopted for this study.

A base-level mine consisting of nine operating sections is
established, and designated "Present Stage.'" Utilizing existing time-
and-motion study data plus application of manufacturers' projected

machine performance rates for future machines, the section~production
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rates for Stage I through Stage IV levéls of mechanization and
automation are calcglated, In this process the nine operating sections
are moving from the present "average capacity" toward the "theoretically
possible" capacity, and.the base mine, with its built-in surge capacity,
is being utilized more efficiently. In the judgement of the authors,
the more correct relative measure of profitability is total mine usage
‘rather than the alternative possibility of trying to maintain a
’éonstant agnual mine tonnage. Due to variations in toms per unit shift
- from fhe Present Stage through Stage IV, it would have been difficult,
if not impossible, to realistically maintain exactly tﬁe same mine output
-in all stages without impractical assumptions such as working fractions
of shifts.
The study provides a high level of machine maintenance and service

~time in all the stages. The nine operating sections are only worked
T two out of three available shifts; In addition a sparé or tenth
‘section isﬁprovided for moving and setup. An eléventh-section is
provided for the rotation of all units through a comprehensive re-
" building program. |

* Mining is projected in the Pittsburgh Seam. The main roof is
 the Redstone Limestone overlying a layer of siltstone. Underneath
the siltstone is a roof coal about two feet in thickness that is
generally left in place as the immediate main roof to prevent the
siltstone from weathering. The average mining zone consists of nine
"i{nches of draw shale beneath the roof coal, and about 5'-9" of main
coal seam, for a total mining height of 6'~6". The seam has a fireclay

bottom.
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initial capital investments contain modest increases from the

Present Stage to Stage IV to recognize the annual increase in mine

tonnages.

Reserve dedications have to be increased for the respective

stages because a 25~year study production life is utilized in gll cases.

The

1.

2.

major groupings of capital items are:
mine plant site acquisition and site preparation;

surface buildings and facilities including water, sewage,

-electrical, and mine-road system;

surface mobile equipment including supply handling, road
maintenance, and refuse area equipment;

preparation plant complete with raw-~coal section and raw-coal
storage, cleaning plant and equipment, clean-coal storage,
thickeners, and refuse disposal system;

development openings including a 2000~foot slope (complete
with slope belt conveyor, supply hoist, underground storage
bin), a 500~foot portal shaft with elevator, and a 500—foot
ventilation shaft;

general underground equipment including conveyors, electrics,
supply track, ventilation, fresh water, drainage water,
communications, central monitoring, and safety equipment;
general auxiliary equipment including construction, man
trip, and supply vehicles;

production section equipment including section monitoring
systems;

miscellaneous costs including overhead during construction,
on-site engineering, and mine development excess cost over

break~even point. -
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Initial capital provided is sufficient to bring the mine up to full
production. In addition, a mine extension allowance is provided to
extend the mine facilities to the limits of the assigned reserves.
Replacement capital is also provided.

The projected mining dimensions are:

1. Eight entries in each submain,

2. Four entries in each panel,

3. .2,5009foot panel length,

4. 60~-foot entry centers,
) 57 88-foot.cross cut centers, and

6. 1l6-foot mined entry width.

The Stage I through Stage IV mining dimensions are prgposed to follow

‘_;he projected Present Stage mine dimensions and percentaggs of coal
recovery. _

A typical panel development cut sequence is presented in Figure 2-1,.
A poésible alternate developmeqt cut sequence is shown in Figurevz-z.
Thé ggneral panel layout is indicated in Figure 2-3. ]

Twenty job functions are identified in the coal production process
or ancilliary services. These are discussed in detail in the "Job
Function Description" following this chapter.

Table 2~1 shows the present and projected equipment, including
monitoring systems for the various job functions. It is recognized that
some miscellaneous jobs are of such minimal labor requirements or so

structured that large capital expenditures to mechanize and automate

may be unjustifiable.
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Table 2-1. Present and Proposed Section Equipment

H
i

i

Stage ITT

Stage IV

Item Present Stage 1 _Stage II
1. Cutting 1. Continuocus Miner 1. AES Machine 1. AES Machine 1. AES Machine 1. AES Machine
and Leading 1. Pickup Loader ' 1. Face Equipment 1. Face Equipment
Integration System ‘Integration System
2. Face Haul-~ 2, Shuttle Cars 2. ' Shuttle Cars 3. Mobile Bridge 3. Mobile Bridge ‘3, Mobile Bridge
age : Carriers - Carriers Carriers
4. Mobile bridges 4. Mobile bridges 4. Mobile bridges
Shuttle Cars Shuttle Cars Shuttle Cars
3. Section 2. Roof Bolters 4., Roof Bolters on 4. Roof Bolters on 4. Roof Bolters on 4. Roof Bolters on
Roof on Miner. AES AES AES AES
Control 1. “Touchup" Bolter 1. "Touchup" Bolter 1. “Touchup" Bolter 1. "Touchup” Bolter 1. “"Touchup" Bolter
1. Roof Condition 1. Roof Condition
Monitoring System Monitoring System
4. Section Face 1. Face Fan 2, Fans on AES 2. Fans on AES 2. Fans on AES 2. Fans on AES
Ventilation 1. Mine Environ- 1. Mine Environment 1. Mine Environment
Advance and ment Monitoring System Monitoring System
Retreat Monitoring System . :
5. Section ————— | eemcee—e e ———— 1. Stopping Empla- 1. Stopping Emplacer 1. Stopping Emplacer
Ventilation cer :
Outby the
Face
6. Trailing E ————————— ———————emee e eemeemme e e
Power : :
Cable )
Handling
7. Moving 1. Power Center 1. Power Center 1. Power Center 1. Power Center 1. Power Center
Section ! 1. Electrical Moni~ 1. Electrical Moni-
Power ] 4 toring System toring System
Center )

4
{

i

0¢



Table 2-1. Present and Proposed Section Equipment (Continued)

Item Present Stage § Stage II Stage III Stage IV

8. Section 1. Section Belt 1. Section Belt 1. Section Belt 1. Section Belt 1. Section Belt
Belt 1. Feeder-Breaker 1. Feeder-Breaker 1. Belt Moving 1. Belt Moving - .- 1. Belt Moving
Move Up Machine Machine Machine

[

9. Sectlon =  em—memmee—e ceeeeceeee 1. Vacuum System 1. Vacuum System 1. -Vacuum System
Belt ’ 1. Float Dust 1. Float Dust
Clean up . Samples Samples

10. Section 1. Rock Dusting 1. Rock Dusting 1. Piped Rock Dust 1. Piped Rock Dust 1. Piped Rock Dust
Rock Machine System System System
Dusting 2. Trickle Dusters 2. Trickle Dusters 2. Trickle Dusters 2. Trickle Dusters 2. Trickle Dusters
11. Roof = =recceceaee mmmeecceee emeeccceee— e
Testing
12. Methane = = ———mmmmeeee e (See Mine Environ-  (See Mine Environ- (See Mine Environmeant
Measure- ment Monjtoring ment Monitoring Monitoring System)
ment system) ltem & system) Item 4 Item 4
13. Mine {See Mine Environment{See Mine Environment
Examiner, ————————— ——————— —— e Monitoring System) Monitoring System
Fireboss Item 4 Item &
or
Foreman
Inspection
14. Section = = —emmeemeee— 1. Battery Scoop 1. Battery Scoop 1. Battery Scoop 1. Battery Scoop
Supply 1 Lot Rubber Rail 1. Lot Rubber Rail 1. Lot Rubber Rail 1. Lot Rubber Rail
Handling Cars Care Cars Care
‘ 31.. Supply Vehicle 1. Supply Vehicle 1. Supply Vehicle
15. 5:?:2 1. Water Monitoring 1. Water Monitoring
Supply and = —m—mm—m=—=  ememmeeee e System System
Drainage - .
Water '

1T



Table 2-1. Present and Proposed Section Equipment (Continued)

Item

Present

Stage 1 Stage 11

Stage II1 Stage IV

16. Service
Equipment

17. Maintenance

18. Monitoring
Systems

19, Spillage
and
Roadway
Cleanup
(Other
than
Belts)

20. Miscellaneous

e e e o

e e 0

P e e e i o e e

_________ . 1. Section Parts
Vehicle

e o e s v s - o o 2 T o

(See Scoop - (See Scoop -
Item 14) Item 14)

-t e s e s e i e i

1. Equipment Status 1. Equipment Status
Monitoring System Monitoring System

1. Section Parts 1. ‘Section Parts
Vehicle Vehicle

(See Equipment Condi-(See Equipment Condi-

tion Monitoring - tion Monitoring -

Item 16) Item 16)
1. Section Monitor- 1. Section Monitoring
ing Console Console
1. Mine Monitoring 1. Mine Monitoring
Console v Console

(See Scoop - Item 14) (See Scoop ~ Item 14)

R P —————

44



Table 2-2 presents a production summary for the nine operating
units. The annual mine production expands with the improvements in
unit shift production due to increased mechanization and automation
as the shift production increases toward the "theoretically possible."

The immediate face equipment summary for the various stages is
shown in Table 2-3, and a summary of the monitoring systems is shown
in Table 2-47 The personnel applied on each of the 18 unit face crews
is given in.Table 2-5. In Table 2-5, Stage IV, the equipment is being
operatéd remotely by technical service~maintenance personnel with no
equipmént operators routinely on the section. Regular service and
maintenance will be scheduled in conjunction with general mine crews.
»Unexpected breakdowns or operating problems will be attended by the
technical service~maintenance personnel moving out of the remote
control station into the face area, plus géneral mine‘specialists as
required., Technical service personnel will be skilled in machine
trouble shooting and will utilize skilled maintenance repairmen in
special situationms.

The need for service and maintenance on the section, in addition
to that regularly scheduled, will be evident from feedback data pro-
vided by the monitoring systems. On the sectionm, mnnitoring systems
for face equipment status, roof condition, mine environment (ventila-
tion, dust, gases, etc.), electrical condiﬁion status and condition,
and water-system status and condition provide information that will
be fed into the computerized supervisory control station during

Stages III and IV.

23




Table 2-2. Production Summary

Production per Unit Shift
Raw tons
Clean tons

No. Unit Shifts per day
Mine Tons per day
Raw tons
Clean tons
Operating Days per year
Total Tons per year

Raw tons (000)
Clean tons (000)

Stage

Present I
‘310 380
250 310
18 18
5,580 6,840
4,500 5,580
220 220
1,228 1,505
990 1,227

Stage
II

560
460

18
110,080
8,280

220

2,218
1,822

Stage
111

800

660

18

14,400
11,880

220

3,168
2,614

Stage
IV

920
750

18
16,560
13,500

220

3,643
2,970

T



Table 2-3.

Face Equipment Summary

Present

Stage
1

Stage
11

Stage
IIT

Stage
IV

1-Continuous Miner
1-Pickup Loader

2-Shuttle Cars

2-Roof Bolters
on miner

1-"Touch~up Bolter“

1-Face Fan

1-AES Machine

2-Shuttle Cars

4-Roof Bolters
on AES

1-"Touch~up Bolter"

2-Fans on AES

1-AES Machine

-— e

3-Mobile Bridge
Carriers

4-Mobile Bridges

1-Shuttle Car#*

4-Roof Bolters
on AES

1-"Touch-up Bolter"

2-Fans on AES

1~AES -Machine

o g gy

3-Mobile Bridge
Carriers

4-Mobile Bridges
1~-Shuttle Car#*

4-Roof Bolters
on AES

1-"Touch-up Bolter"

2-~-Fans on AES

1-Face Equipment
Supervisory
Control & ,
Monitoring System

1-AES Machine

———

3-Mobile Bridge
Carriers

4-Mobile Bridges
1-Shuttle Car*

4-Roof Bolters
on AES

1-Touch~up Bolter"
2~Fans on AES

1-Face Equipment
Supervisory
Control &
Monitoring System

* Utillized for haulage at locations inaccessible to the bridge conveyor,

YA
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Table 2-4. Monitoring Systems Summary

Stage Stage Stage Stage
- ~ Present I II IIT IV
1-Roof 1-Roof
- Condition Condition
1-Mine l-Mine
Environment Environment

1-Electrical l=Electrical
- ' 1-Water l-Water

l1-Equipment 1-Equipment
Status Status




Table 2-5. Face Crew Summary

Present

Stage
1

" Stage

II

Stag; o Stage
111 v

1-Miper Oper.
1-Loader Oper.
2-5.C.0per.
2-Roof Bolt.Oper.
1-Vent.

1-Utilicy

1-Mechanic

9 Total

1-AES Oper. (cut,)

2-5,C.0per.

2-AES Oper. (bolt))
1-Vent. |
1-Ucilicy

1-Mechanic

8 Total

1-AES Oper. (cut,)

3-Mobile B.Oper.

1-Tech.Serv.(cut.) 1-Tech.Serv. (cut.)

1-Tech.Serv,(haul.) l—Tech.Serv,(haul.)

2-AES Oper.(bolt,) 1-Tech.Serv,(roof) 1-Tech.Serv,(roof)

I”VEn t )
1-Ucilicy

1-Mechanic

9 Total

“1-Vent. Tech. - 1-Vent. Tech.
1-Ucilicy Tech. 1-Ucilicy Tech.
1-Mechanic e

1-Tech,Serv.(monimr.) 1-Tech.Serv. (monitor.)

7 Total 6 Total

Iz
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The Present Stage mining section may seem far removed from the
cockpit of an airplane, or even the control room of a modern preparation
plant. However, as machine and envirommental functions are progres-
sively monitored it will become désirable to establish a suitable
‘working station for this type of information and control operatiom.

This station will become the focal point for section control and

should be deésigned to efficiently accomplish the job. The arrange-

- ment should permit interchange of information between those persons
reviewing machine functions and those monitoring environmental functioms,
without c&nflict of effort. This station will be management's field
headquarters. Utilizing modern communication, all persons working

in or entering the section will keep in touch with the section
supervisor.

Section information will be processed at either the sect;on
station console or at the central mine station comsole. The volume
of data being handled will require computer processing to be presented
in a relevant and timely fashion. Considerable work will be required
during the transition period from Present Stage -~ Stage IV to R

efficiently develop documentation and report procedures. - ..
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Chapter 3
JOB FUNCTION DESCRIPTION

Introduction

Twenty job functions involved in coal production and the advancement
or retreaﬁ of ancilliary mining production services are identified and
discussed in this chapter in a comparison of the Present Stage operation
versus the préposed manner of operation in Stages I, II, III, and IV.
The job fﬁnctions~described are:

- 1. cutting and loading,

2. face haulage,

3. section roof control,

4. section face ventilation -~ advance and retreat,

5. section ventilation - outby the face,

6. eléctrical trailing cable handling,‘

7. moving section power center,

8. section belt advancement,

9. section belt cleaning,

10. section fock dusting,

11. roof testing,

12. methane measurement,

13. mine examiner, f£ireboss or foreman inspections,

14. section supply handling,

15. fresh water supply and‘drainage water,

16. equipment'service,

17. maintenance,

18. monitoring systems,

19. spillage and roadway cleanup (other than belts), and

20. miscellaneous.
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These job functions are preéently performed at varying levels of
manpower ranging from almost entirely manual labor, such as building
a ventilation stopping, to cutting and loading operations that are
mechanized and can presently be operated by available semiremote:
control equipment. This section of the.report presents the advance-
ments ﬁhat are proposed in the individual job functions at the various
stages to achieve a totally integrated automatic and remotely operated
mining—sroduction section. Several operations, such as turning cross-
cuﬁs and changing places, which were considered to require manual
assistance are to be performed during the scheduled service periods,

- There are operations in these twenty job functions, such as mine
supply handling, that gguld be significantly improved through research
and development; however, the profitability of automating them is
. .questionable. Again the aviation industry has many similarities in the
mass movement of baggage and supplies. That industry has fewer supply
handling problems than mining, but the codification and grﬁuping of
material and supplies for quick movement in supply trains and supplies
packaged for easy use would be beneficial in mining.

It is beyond the scope of this study to determine the desirable
balance between preventative and repair maintenance labor, and the
specific levels of training necessary to achieve high-quality reliable
maintenance. Nevertheless, this is a severe problem even at today's
level of mechanization, and will become increasingly critical with
progressive stages of automation.

It is vitally important that long-range problems of this type

be fully identified and resolved. Job functions should be clearly
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established and qualifications and responsibilities defined so that

the transition period from the Present Stage to Stage IV automation

may be accomplished with minimum problems. In addition, it is important
that the analysis of job functions correctly relate to the transmission
and presentation of data at the section monitoring console versus the
central mine -console.

?he:progressive mine expansion from Present Stage to Stage IV
affords many opportunities to improve the efficient deployment of mine
maﬂagement if adequate job definition and training is performed. The
authors' concepts are discussed in more detail in the Psychological and

Organizational Impact chapter of the report.

Job Description

1. Cutting and Loading

Present - The present operatiné continuous mining machine selected
to compare with the proposed automatic extraction system'(AES) is a
full-face machine with two on-board roof bolting units that allow up
to 88 feet advance before place changing. A loading machine follows
the continuous miner to reduce shuttle car changeout delays and
improve cleanup. However, the miner must stop every four feet to
install two roof bolts. The present loader - shuttle car haulage
system cycle is slower than the miner cycle causing the miner to shut

down whenever a pile of coal builds up behind the mining machine.
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Proposed - The proposed AES cutting and loading operation for
Stages I-IV follows:

Stage I ~ The AES machine currently being constructed by the
National Mine Service Company for a USBM research contract is the
macBine type proposed for Stage I. Its specifications are presented
in Appendix B. Improved versions of the same type machine are planned
for Staggs II, I1I, and IV. The projected average cutting rate is
four tons per minute, although the machine can mine at an 8 ton per
minute rate. Four roof bolting units can be operéted while the
machine is cutting coal, allowing long advances that will be limited
only by ventilation requirements. The AES will have an operator-
activated automatic sump-shear cycle. The same mining plan as the
Present Stage operation 1is contemplated. A loading machine is not
projected to be used behind the AES machine.

Stage II ~ The AES machine will have automatic sump-shear and
advance cycle. The cycle is operator-activated and will contiﬁue
cutting straight forward until interrupted by an operator command or
an interﬁachine control signal specifying an abnormal condition such
as "stop for roof bolting catchup.'" Operator guidance and sump-shear
cycle control is required in turning crosscuts. Tramming for place
changes also requires operator guidance and control.

Stage III - The AES machine will be system integrated and auto-
matically activated. System integration means the AES control activa-
tion will interrelate with the condition of other machines and the
section monitoring systems. Manning requirements are one machine

observer for straight line advance, Operator guidance and sump-shear
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cycle control is required in turning crosscuts and tramming, During
this stage a data acquisition and logic control circuit is required

for supplying déta from other section systems. If the other section
systems are properly positioned and functioning and the environment

is safe, the AES can be activated. The AES will receive signals from
other section components such as haulage, roof support, ventilation,
etc.,vang will continue operation only if the other systems are func-
tioping properly. Start-up and shut-down alarms will be required in
addition to machine condition and face environmental monitoring systems.
Cutting and loading will take place during a prescribed extended
straight line advance period. The period duration (described in
Chapter 4) will depend on the distance between crosscuts and the machine
se;vice requireﬁents.

Stage IV - The AES machine will be controlled from a remote,
computerized console with a possible visual display from television
cameras or interactive computer graphics. Manning requirements will
be one technical serviceman-extraction. As in previous stages, auto~
mated, reﬁote—controlled operation will be during straight-line advance
only. Crosscuts and tramming for place changes will require visual
o?servation for guidance. Machine data along with all othér section
data will be transmitted to the section console station, The station
should be located in a permanent, environmentally controlled housing
probably near the mining panel entrance. When the machine is remotely
operated personnel will not be routinely allowed into the operating
area. As in Stage III, the periods prescribed for cutting and loading

versus service and turning are outlined in Chapter 4.




2; Face Haulage.

Present - The current haulage mechanism, from the face to section
belt coﬁveyor, selected for this comparison study is the shuttle car,
Two shuttle cars require two operators per section. The elemental
times for the car's cycle are derived from 278 feet per minute tram
rate, 1.5 minutes in loading, and 1.5 minutes in dumping. However,
cable handling and maintenance delays must also be accommodated. The
shuttle car operator's primary tasks are guiding and controlling the
vehicle along the tram route, positioning behind the miner, advancing
.. the shuttle car conveyor during loading, positioning the shuttle ear
at the belt tail piece, and controlling the dumping rate to minimize
dumping time but still prevent coal spillage.

Proposed - The proposed face haulage for Stages I-1IV follows:

Stage I - Shuttle car haulage service similar to the present
operation is proposed.

Stage II -~ The long, continuous advances of the AES machine
indicate mobile conveyor systems may be used with more success than
the more mobile, but intermittent shuttle car. A main disadvantage
to the mobile bridge carrier is the necessity of a wide space for
positioning the conveyor to extend around corners. Installation of
an additional mobile bridge unit will allow more flexibility at the
corners; however, three bridge operators instead of two will be
required. Three mobile bridge carriers and four bridges will be
used in this study instead of the usual two carrier, three bridge

system., The basic tasks of the mobile bridge carrier operators are
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activation and steering the units, In this stage of programmed machine
operation, the‘mobile conveyor will not require the operator to manually
control the machine. The operator will initiate a command to turn right
or left a specified number of degrees, continue straight for a specific
distance, stop or staft. The machine will be programmed to carry out
the action. ‘As a result the operator will activate or signal to the
machiqe which operating mode is appropriate and the extent of movement.
Stage III - At this point the hgulage systems do not require
operator activation since they are system integrated. Signals between
machines and monitoring systems will dictate the operating mode, extent
of movement, and speed of the haulage system. A haulage observer
étationed at an appropriate location will insure proper operation, make
some maintenance and service checks, and take over operation (over-ride
programmed operation) if necessary. The haulage system will require
operator activation and control during place changing, cleaning up, and
crosscut turning. The haulage system must signal the AES that it is
ready to receive coal before the AES will be allowed to cut and load,
Stage IV - The haulage system will be controlled remotely and
"must be able to signal its position, operating mode, and mechanical
condition to a remote operator. A continuous haulage system will lend
itself to remote control guidance easier than shuttle cars because
interconnection of units simplifies specific location. at all times.
No matter what haulage device is used, it must be able to locate the
discharge boom of the miner and dock under it (minimizing spillage),

transport the coal to the dumping point, and locate the dumping point




36

to discharge with a minimum of coal spillage, If this can be accomplished,
roadway cleanup can be kept at a minimum. Manpower requirements are a
technical serviceman-haulage.

3. Section Roof Control.

' Present - The presenﬁ continuous mining machine being compared to
the AES has a roof drill mounted on each side of the miner. Two bolts
are placed simultaneously in a plank across the entry. A separate roof
bolter e;ters a newly mined place after the machine has changed to
an&ther place and installs center bolts in the plank, The '"touch~up"

- or "center" bolter can also bolt breakthroughs allowing the miner to
change placed immediately after completing a crosscut breakthrough. Two
bolter operators work on the mining machine installing six-foot mechan-
ical, shell-anchored bolts. Utility men usually operate the center
bolter, which is only worked part-time during the shift, after each
place change. )

Proposed - The proposed section roof control operation for Stages
I-IV follows:

Stage I - The AES will install four bolts concurrently in a row
across the entry within 19 feet of tﬁe face. Two extraction machine
operators~bolting on the AES machine wili be required to install the
four bolts across the entry during the mining cycle. A longitudinal
roof and floor beam support system will provide temporary roof support
to within seven feet of the face. Resin type bolts, four feet in
- length, are projected to be utilized without planks. A "touch-up"
bolter will he required to install additional bolts in areas of bad

top, dead-end completions, and to bolt crosscut breakthrough completions.
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The utility men will install temporary roof support (hydraulic jacks)
in dead-end and crosscut breakthrough completions before they are
bolted. The roof at the end of each completed cut will be sloped inby
from the roof to the floor to minimize the area of unsupported roof.
Utility men will also be required to supply the AES with roof bolting
materials, and unscheduled auxiliary supports will be set by utility
men where necessary. In areas of extremely bad roof, the AES should
have the capability of installing roof mats or planks. During place
changes the bolter operators will replenish supplies and assist in
cable and ventilation tubing handling.

Stage II -~ The roof-drilling and bolt-installation cycles will be
automated so all the AES operators have to do is activate the machines
and handlg bolting materials. Otherwise Stage II is similar to Stage I.

Stage III - The automated bolting units will be system-integrated
so they will activate automatically when a signal from the section
control console indicates that the proper distance from the last row
of bolts is reached. The bolting system must signal the AES through
the section control console that it is finished and the machine may
advance. A method of signaling when more bolting supplies are needed
is also necessary. Additional auxiliary roof supports beyond the pro-
grammed pattern will be installed manually during service periods. Spot
bolting of bad roof that develops behind the face will be performed
by an operator-guided, automated-cycle bolter. A roof conditiomn -
monitoring system will be necessary for system integration during this

stage.
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Stage IV - The entire AES machine including the roof bolting units
is remote controlled during straight ahead advances in this stage.
On-board machine operator control, by the technical serviceman~roof
control, is required to turn crosscuts and change places. At the remote
control station, the technical serviceman-roof control will have a data
display of the roof conditions throughout the section as a result of
transmissions from the roof monitoring system. Therefore, anyone
enteriﬁgﬂthe section can be forewarned of suspected poor roof conditions.
TheAmonitoring system is not intended to replace sight, sound, and other
manual roof testing evaluations by workmen entering the area. Neverthe~

“less, it will provide a continuous detection mechanism that can
indicate dangerous roof that otherwise may have gone unnoticed by a
. careless or preoccupied worker. Roof control data computer analysis
will be required at the section remote control console because of the.
- more comprehensive section roof condition survey being continuously
performed.

4., Section Face Ventilation.

Present - The section with which the AES will be compared utilizes
T.7--- .an auxiliary ventilation f;n and tubing. The tubing is manually added _:.
-in sections to maintain it within 10 feet of the face. However, the -
~section of tubing nearest the face has a sliding insert of smaller
-.diameter to facilitate compliance with the 10-foot maximum allowable __
- distance. Brattice is erected for idle places, weekends, or idle-day
ventilation as needed. The auxiliary fan is pulled to a new location
during each place change. The ventilation tubing is also taken down

and moved to a new place when a breakthrough is completed.
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Proposed - The proposed section face ventilation advance and
retreat operations for Stages I-IV follows:

Stage I ~ Two auxiliary fans are mounted on the AES machine.
The fans pull air through the inmer roof support beams and exhausts
into a collapsable, flexible tubing that extends to the return air
system. 1Sinée shuttle cars may damage the tubing by running over,
or colliding with it, mobile conveyors are more desirable from a
ventilation standpoint. |

The ventilation system automatically advances with the machine
during straight advance, However, the tubing will have to be moved
manually during place changes. The ventilation fan and tubing should
have enough capacity to allow advances of at least 90 feet, so the
Stage I production capaéity of the AES can be realized. Brattice
installation is still required for idle places, weekends, idle days,
and machine downtimes. The mining plan is designed so that as few
dead-end places as possible are left after place changes; however,
brattice will be required to ventilate the left or return entry (see
Figure 2-1) until break-throughs are completed. Also, two
‘crosscuts turned into the supply track and right or intake entries
will have to be bratticed until the supply or intake entry has advanced
to the crosscut. Brattice is also required whenever power must be
turned off to the machine for lengthy repairs or when the machine must
be trammed out of the face area to an intersection to allow room for
repairs.

Stage II - The ventilation system is similar to Stage I, except the

fan capacity should be increased to permit 180 feet of advance.
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Stage III - In order to system integrate the already automatic
face~ventilation apparatus with the total mining section, an environ-
mental conditions monitoring system will be required. The monitoring
network should measure velocity over the miner; quantity at the face
and in the last open crosscut; quantity in the section intakes and
returns; methane content in the intake, at the face and in the return;
and carbon monoxide in the return. The monitoring system data will be
transmitted to the section control console so it can alert mine
machinery when ventilatién is inadequate. Transmission of data descri-
bing section environmental conditions to a general mine ventilation
control is also necessary to note excesses or deficiencies in quantity
so regulators can be adjusted. Also dangerous conditions noted by the
monitors shoﬁld be transmitted throughout the mine to alert for
- correction or a withdrawal of people from the mine if necessary.

Stage IV - Remote control of face ventilation is extended to
- straight-ahead advances only. Crosscuts and place changes will probably
require some‘manual manipulation of the tubing behind the miner. Ven-
tilation monitoring data will be transmitted to the section remote
console and the central mine console.

5. Section Ventilation = Outby the Face.

Presenﬁ ~ Cinder block or metal stoppings are constructed to divide
-intake from return air, isolate the belt entry, and provide the prescribed
escapeways. Both types are constructed manually with the cinder blocks -
generally being favored because of less leakage and lower cost. Usually

one mason can construct a stopping in a shift.
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Proposed - The proposed section ventilation outby the face for
Stages I-IV follows:

Stage I - The same as present.

Stage II - A prefab stopping that is easy and fast to erect (utilizing
some type of ?ehicle to transport and erect it) should be developed during
this stage. ‘The stopping should be recoverable and have minimal leakage.
The p;efab stopping is needed in future stages so stoppings can be
erected within the time allotted for the service periods.

Stage III - The prefab stoppings will be installed during service
periods utilizing the emplacement vehicle developed in Stage II by the
stopping emplacer oﬁerator.

Stage IV - The same as Stage III, except the need for new stoppings
will be communicated to the section supervisor by the remote console
data: system, the completed emplacement of a new stopping will be trans-
mitted to the section console data bank. Otherwise excessive open
breakthroughs will stop the production operatiom.
6. Electrical Trailing Cable Handiing

Present - The continuous miner power cable is hung from the roof

"on hooks which are installed by the roof bolters in the Present Stage

operation. The cable is hung from the load center to the miner,
Hanging the cable just behind the miner is important to keep it from
heing covered by the pile of coal that the pickup loader is removing.
Obviously, the cable must also be hung over roadways to prevent-
damage by the loader and shuttle cars, The miner cable is dropped

and then pulled along during a place change to be rehung in the new
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location. The shuttle car cables are taken up and payed out by a
reel on the car and are handled during place changes only if tie—off
points have to be moved. The "touch-up" or auxiliary bolting machine
cable is also reeled, but it must be supported on hangers to the

last open crosscut to be out of the way of the shuttle cars. The

. pickup loader power cable is handled much the same as the continuous

miner ca@le.

fr&éosed -~ The. proposed trailing cable handling operation for
Stages I-IV follows:

Stage I -~ No new cable handling practices are expected during
this stage, but the pickup loader will not be used, which will elimi-

- nate its power cable from the section. The AES and the "touch-up"
bolter trailing power cables will be manually handled.

.. - Stage II - The shuttle cars are replaced by the mobile bridge
conveyors in this stage. Therefore, both shuttle car power cables
will be eliminated. The AES cable can be carried on the mobile
conveyor system frame., As a result the only trailing cable that
would be manually handled is the one for the "touch-up" bolter,

Stage III - In order to integrate the trailing cables with the

- .mining system, data describing the condition of each power cable must

be transmitted to the section comsole. The’cable condition should

be monitored throughout the shift by the electrical monitoring system

to predict or indicate faults and broken conductors. When such a fault
is predicted or indicated the appropriate machine will be shut off and

information from the section console should describe what is wrong and



where the trouble is located. Some manual handling of power cables
is anticipated during place changes and crosscut turning., Also,
the "touch=-up" bolter cable will be manually handled.

Stage IV ~ Poﬁer cable handling in this stage will be similar
to Stage III.

7. Moving the Section Power Center.

Present - Movemént of power centers is done by battery scoops or
shu;tle cars that pull the load center from one location to another,
If the load center must be energized during the move to supply power
to the pulling vehicle, the requirements of The Code of Federal
Regulations, Title 30, Part 75, Paragraph 75.812 must be satisfied.
The load center is movéd up after the mining sequence shown in Figure
2-1 is completed, After the load center, belt tailpiece, ﬁEChanics
shop, etc., are moved, the mining sequence begins again. The periodic
power center moveup is required to assure adequate trailing cable
length for the required face advance. Maximum trailing cable lengths
permitted are specified in U.S. Bureau of Mines Schedule 2G,

Before the load center is moved, sufficient high voltage cable
must. be available to reach the new location. If adequate slack cable
is not present an additional section of cable must be coupled into the
line. The low-voltage trailing cables for the face equipment are
uncoupled from the load center, and the center is pulled to the new
- location. The low-voltage cables are then rerouted, rehung, and new
cable tie-off points are provided for the shuttle cars., The high-

voltage cable is then hung from the previous load center position to
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the present relocated position. Therefore, it can be seen that a
considerable amount of manual cable handling is necessary even
though the actual power center move can be accomplished fairly
easily.

Proposed - The proposed operations for moving the section power
center in Stages I-IV follows:

Stage I - The battery scoop required for supply delivery and
clganup will be used for pulling the load center. The load center
should be mounted on wﬁeels for more portability.

--Stage I1 -~ The number of trailing cables to be moved are reduced
due to the use of the mobile bridge conveyors and carrying the miner
cable on the side of the bridge conveyors. This will speed up the

“section advance. Otherwise the move is accomplished 1in: the same
manner as Stage I. . LA

Stage II1 - A number of monitoring system components may be -
located at the load center or connected to it, Also, monitoring of .
the load center itself is necessary to determine electrical power
-parameters into the load center and to the equipment that may indicate
reliability and safety of the electrical system. The moveup may be _ :-
‘more complex as a'result of these monitoring systems. If monitoring

* cables are used, they should be incorporated into, or routed next to,
the power cables as much as possible.

Stage IV - Remote control implies being able to manipulate power -

- switches at the load center from a remote position. Therefore, in

addition to the monitoring components described in Stage III, a control
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cable may also have to be moved. The power center condition and
switching positional data will be transmitted to the section comsole
for visual review and remote operation. The section console with
computerized production data can be used to predict dates for future
moveups, thereby facilitating planning.

8. Section Belt Moveup.

Present - The present method of extending a belt tailpiece
closer'té the face requires a lot of ménual materlals handling. The
opefation can be accomplished efficiently only if enough intermediate
belt materials have been supplied and deployed in the correct locatioms.
Generally, the operation consists of pulling out an existing splice,
attaching an additional segment of belt, refasten the splice, extending
the belting by pulling the tailpiece and securing it in a new locationm,
inserting troughing and return idlers, and realigning the belt. Along
with the tailpiece, the telephone and first-aid supplies are advanced.
Usually the tailpiece is moved at the same time as the load center.
The roadway in front of the tailpiece should be cleaned by the scoop
before the tail is pulled up.

.Proposed - The proposed section belt moveup operation for Stages
I-1V follows:
Stage I - No change from the present is anticipated.

Stage II - A belt-moving machine of the type that is currently under

development by a USBM research grant could be used in this stage to advnace

the tailpiece. A considerable savings in time is anticipated.
Stage III - In order to system integrate the belt haulage, the

appropriate monitoring equipment and sequence control must be applied
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to the mobile bridge conveyor and the section belt. This data will
be processed through the section console. Belt moveup should be
investigated to determine the extent to which it is economically
feasible to more extensively automate the operation and reduce the
accidents due to lifting and handling of belt conveyor materials.

- Stage IV ~ Data concerning belt tailpiece position and operating
conditiog should be communicated to remote console. Belt moveup will
reéuire supervision and labor on the section and it will not be
remotely controlled. The remote control console should be able to
predict when the néxt belt move is to be made, and automatically order
the supplies to be delivered to the section and indicate their desired
deployment.

9. Section Belt Cleanup. : -

- Present - One employee per section per day works along the belt,
shoveling spilled coal and rock dusting the entry. Sprays are used
at transfer points to reduce float dust.

- Proposed - The proposed section belt cleamup operation for Stages - -
I-IV follows:

Stage I - The same situation as the present is anticipated. -

Stage II - Coal spillage and float dust reduction methods should
be designed into the haulage system to minimize cleanup.. Such things
- ‘as vacuum systems at transfer points, better deployment of water sprays
(i.e., §enturi systems), better belt training, and monitoring of belt -
alignment can do much to decrease belt spillage. However, some manual

work in cleaning up spillage will still be required.



47

Stage III ~ A float dust sampling device should be installed to
indicate that a particular transfer point is generating too much dust.
Also, monitoring should note when the beit is misaligned and spilling
coal. A piped rock-—dust system will be installed in the belt entry
to reduce the time to manually handle bags of rock dust for rock
dusting belt entries. Controls for monitoring'and operating all these
systems étould be integrated into the section control console, Some
mégual work in cleaning up spillage will still be required,

Stage IV =~ The monitoring and operating systems in Stage III should
transmit data to the haulage portion of the contrbl’console, so the
belt status ﬁill be known. Regular and unusuél manual cleanup will
be accomplished during service periods. However, the previously
mentioned spillage notification and prevention measures should minimize
cleanup. Remote activation of the dust control spray systems from the
haulage control console will be accdmplished through monitoring of
float dust levels in the returms.

10. Section Rock Dusting.

Present - Rock dust is usually applied either by hand from bags

or "blown" on to the entry surfaces by a rock dusting machine to maintain -

at least 65 percent of incombustible material to within 40 feet of the
face in intake areas. The rock dusting machine may be mounted either
on a battery scoop, a shuttle cér, or be self-propelled, In addiﬁion,
the return aircourses must be regularly dusted to maintain at least

80 percent incombustibie material, Normally, supply delivery of the
rock dust in bulk rather than bag form is more economical and requires

less manual loading and unloading. However, any place that requires.
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hand dusting rather than machine application, such as during a working
shift, normally necessitates bag dust. A trickle duster is usually
operated in the section return airways to keep the incombustible
content of float dust fallout from the mining operations at a safe
level. ‘

.- Proposed - The proposed section rock dusting operation for Stages
I-IV fol}ows:

Staée I - No major change from the present is indicated, however,

- on-shift dusting by hand will be reduced through the use of mechanical
.dusting during service shifts. Improved dust control on the AES will
reduce the float dust per ton of coal mined. However, increased produe-
tion will increase the amount of rock dust required to be delivered

and applied during service periods.

Stage II - A piped rock-dust system should be installed during this

stage to reduce rock dust delivery and application time. Piped systems
- have experienced clogging problems if not properly operated and main-
tained. Good operating maintenance experience, plus developments in
face distribution 1s necessary for piping systems to be an efficient
- method of keeping pace with production improvements and allowing ade-
quate rock dust application in the fage areas during selected periods
in Stages III and 1IV.

Stage IIT -~ The system integration concept should include
-assurance that rock dust is within 40 feet of the face. That is, rather
than stop production for rock dusting, the AES observer should stand._

clear (in intake air) and rock dust should be released by an automated
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dust distribution system attached along the mobile bridge frame. The
bulk-rock dust storage tank for the section should have a level
indicator that notifies the section control console that additional
dust is needed. The trickle duster should be automatically activated
and also have a level indicatér for informing the section cgnsole. The
trickle duster and rock-dust pipe will be advanced'during service periods.
It may bg advantageous to replace the trickle duster with a branch from
the main.rock dust supply line at this stage,

Stage IV - Application of rock dust from the trickle duster and
mobile bridge mounted dust distribution system should be accomplished
remotely in this stage. Since no one should be on the section during
straight—-ahead production advances, application can occur during this
time. - Belt entries can also be dusted during production periods.
Crosscﬁts can be dusted immediately after they are turned, that is,
just prior to the straight advance, During the service periods, samples
of coal and rock dust from roof, face, and ribs should be taken at
designated points for amalysis. The results should be entered into
the remote console data bank to evaluate the effectiveness of rock
dusting and float coal dust control.

11. Roof Testing.

Present - Visual observation and a sounding bar (sight and sound
techniques) are used by each miner in the working place prior to com-
mencing activity in the area. Recently mined, unsupported areas near
face are especially hazardous and require frequent checking. Too often
miners neglect to check the roof, which is a reason that roof falls

within 25 feet of the face are a prominent cause of fatal accidents. .
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Proposed - The proposed roof testing operation for Stages I-IV
follows:

Stage I -~ The roof support system on the AES should be a
safety improvement since it gives positive support to previously unsup-
ported face-roof areas. Checking for loose rock between the supports
before bolting will still be necessary. The testing of unsupported
roof befgre providing temporary or permanent support will be signifi-
cantlf r;duced.

Sfage II - The same methods as Stage I are anticipated.

... -Stage II1 - System integration requires installation of an effi-

-cient roof monitoring system. Data from sensing devices installed to
detect dangerous roof should provide a warning to workers in
the area. The roof-sensing devices could possibly include : -
color indicators, strain gauges, slope indicators, microseimics, infra-
red viewers, vibrating wire stress sensors, covergence indicating dial
gauges, or a combination of several types. Installation with the roof-
bolting operation is desirable. Indicators should be placed routineiy

" in strategic locations plus special installations where bad top is -

© . gsuspected. The monitored data would be fed to the section remote

console and be utilized to warn workers of a dangerous area and provide
a dispatch mechanism for the "touch-up" bolter and technical serviceman-
roof control. The sensors could be checked, repositioned, and cali-
brated during the service periods. 1In order to prevent delays,

sensors should be designed for quick and easy installation and should

be highly reliable. The roof monitoring system should note excessive

pillar stress, convergence between roof and floor, loose immediate
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roof, prominent cracks, and other indications of potential failures.
Visual inspection and roof sounding before men enter an area to work
will still be necessary in addition to the monitoring system. In
fact, the section supervisor should report areas of suspected bad top
so sensing devices can be installed tovdetermine additional support
requirements. The monitoring system should not be expected to entirely
replace gan's experienced evaluation of bad top. However, it should
be coﬁsiﬁeted an important additional data source to aid in identi-
fying a dangerous roof area, or perhaps providing warning when a
worker fails to check the top. The systemis effectiveness will depend
on its ability to perform satisfactorily over the wide spectrum of
roof, pillar, and floor conditions normally encountered in mining.

Stage IV - Remote sensing of roof conditions will directly result
from the mpnitoring system installed in Stage III. A visual display
" of roof conditions in each section should be present at the remote
- console. Warning signals for dangerous areas should be communicated
to services and maintenance personnel before they enter a section. 1In
fact, since people are not working in the section continuously, a care~
fﬁl»approach and roof-testing technique should be utilized when workmen
are entering a working place. The section control comsole should
provide notification of the need for additional sensing devices.
12, Methane Measurement

Present - A hand-held flame safeﬁy lamp and methane detector. are .
used to check for the presence of methane gas., Federal regulations
require methane checks every 20 minutes at the face. When these

measurements are to he made, the continuous miner is turned off, the
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operator walks to the face, performs the test, and then returns to the
machine. Methane checks are also required in preshift and fireboss
examinations, and prior to blasting, ﬁelding, and cutting.

Proposed - The proposed methane measurement operation for Stages
I-IV follows:

Stage I ,- It is anticipated that MESA and state approval will be
given fog methane sensors located near the cutter head of the AES
machiﬁe in lieu of manual methane checks. Therefore, the 20-minute interva
maﬁual gas checks would be replaced by continuous monitoring, while
-the miner is operating, No changes are anticipated for other required. .
methane examinations.

Stage 1T - The same measuring system as used in Stage I is expected
to be used in this stage with the addition of return airway periodic
or intermittant monitoring.

Stage III - System integration requires continuous, periodic, or
selected methane monitoring in all faces and the returm airways. Data
from the detectors will be transmitted to the section console and
wafning of dangerous methane levels will be given. Methane detection -
will be an integral part of the total ventilation monitoring system
described later in this chapter.

Stage IV - Increasing methane above the satisfactory levels will
- be reported to the remote control console. Directions will be given
to increase the air quantity or reduce the rate of advance until safe

methane levels are attained. When methane levels are high enough to

" "be dangerous, the power into the section will be turned off remotely

and only persons performing remedial ventilation operations such as
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installing brattice or check curtains will be allowed into the area. A log
of methane content in the section return entries will indicate whether
or not mining is progressing into an area of higher methane concen-~
tration. If so, more air can be diverted to the section or reductions
can be made in rates of advance to maintain safe gas concentrations,
13. Mine Examiner, Fireboss, or Foreman Inspections,
Present - A number of inspections required by federal law are made

by a ceétified fireboss or foreman:

| 1. daily inspection of all main fans and pressure recording chart;

2. monthly inspection of automatic closing doors in multiple fan
systems;

3. preshift examination of all areas where miners are to work or
travel for methane accumulation, oxygen deficiency, improper
seals and doors; bad roof, face, or ribs; improper direction,
velocity, or quantity or air; any other hazards or violations
of federal law;

4. ‘ﬁelt conveyor examinations after each shift has begun;

5. examinations once each'production shift on the section for
hazardous conditions including methane and oxygen deficiency;

6. weekly examinations for hazardous conditions in the return of
each air split, on pillar falls, at seals in the main return,
intake and return aircourses, idle workings and abandoned
areas; and

7. weekly ventilation quantity measurements in all main intakes
and returns, air splits, and at the last open crosscut in each

section.
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The fireboss normally walks a prescribed portion of the
mine each day, so by the end of each week, the entire mine has
been covered. The on-shift examinations in the sections are
done by the foreman., The examiner shall place his initials
and date in each area examined and report his findings to the
surface before other persons enter the mine.

Proposed - The proposed inspections for Stages I-IV follows:

 Staée I -~ The anticipated method will not change from the present.

Stage II - No changes are anticipated,

"Stage III - The ventilation quality and quantity measurements pre~
scribed in Items 3, 6, and 7 could be replaced by the mine environment
.(ventilation) monitoring system. However, the environment monitoring
system should be checked periodically for "results'" calibration against
a standard base. Data from preshift and on-shift examinations should be
retrievable from a memory bank by the surface computer and section control
console. The machine inspector should continually be investigating for
hazardous conditions or law violations. Since the machine inspector
does not have an operating job to accomplish, but is only on the section
to assure production and safety are being performed adequately, safety
will be improved. He will have less opportunity to become involved in -
- job accomplishment and will be more aware of what is taking place around
- him, In’addition, the worker will have valuable data from all of the
monitoring systems to enforce his personal observations,

Stage IV - Even though extensive monitoring devices will be - _
utilized during remote operation, federal regulations require that the
section be manually inspected before the service or maintenance personnel

enter the area. Therefore, one member of each service crew must be a
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certified fireboss or foreman who travels through and examines the
section before the workmen enter. Data from the various monitoring
equipment will improve the quality of the :preshift inspection, but
monitoring cannot replace manual examination of this type. The pre~
shift inspection report will be entered into the data hank of the
computer from the section coﬁsole.

If a hazardous condition warning is announced by any of the
monitori;g systems several alternatives are available. When equip~
meﬁt is in ﬁhe remote operating mode, an attempt to reduce or eliminate
the hazard remotely may be made. (For example, a high methﬁne content
may be diluted by introducing a larger air quantity). If a remotely
initiated solution is not possible, only the workers necessary to
correct the hazard shall enter the area. If the hazard could possibly
affect the safety in other areas, persomnnel should be withdrawn from
those areas or not allowed to initially enter those areas,

14. Section Supply Handling

Present - Supply materials are loaded onto both rail or rubber
rail supply cars on the surface, either manually or by a frontiend
loader or similar machine, depending on the type of supplies. The .
supply car is pulled into the section on a nonproducing shift if rail
coal haulage~is‘utilized. If a conveyor belt is used to haul coal
from the section, a track for handling men and supplies into the section
is installed parallel to the belt., The supply cars are stored in a
side track in the section and materials are lifted from the cars into
a shuttle car or battery scoop for transportation to the face unless

the supply car has both rubber and rail wheels. A "rubber-rail" car.
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can be pulled off the end of the track and close to the working face
before the supplies are unloaded.

Proposed - The proposed section supply handling ope:ationAfor
Stages I-1IV follows:

Stage I - The first automation stage should utilize "rubber-rail”
supply cars and a battery scoop that will handle supplies without
interrup;ing production on the section. Supplies should be palletized
as much ;s possible.

Stage IT - A section supply vehicle especially designed to load
and unload supplies, reducing manual handling and accidents from
1ifting and being caught between objects, is anticipated for Stage II.
Palletized supplies will be brought in on rubber rall cars to the
section supply vehicle.

Stage III - Many functions of the section supply vehicle could be
. automated to give the supply man a guidance and inspection role if it
is determined to be economically feasible. However, the variety of
its work may not permit routine programming. 'A powerful machine would
speed up loading and unloading since the higher production of Stages II,
- III, and IV will require significantly more supplies. Also, the
- accident frequency that would increase from handling an increased
amount of supplies will actually decrease by letting a machine do .
the dangerous handling.

The projected ordering and delivery of supplies on a routine basis
- will be aided by the computerized supervisory control. When a machine
or operation has exhausted supplies to a point that a reorder becomes

necessary, the section console will transmit the request to the central
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surface computer which will print an order for the supply supervisor

to £fill. As a result of palletizing and improved data on amount of
supplies used by each section, the surface supply supervisor will be
able to normally anticipate supply requests and have the pallets packed
before the order reaches him for resupplying the staging area.
Thereby, production delays caused by a lack of supplies will be
decreaseq. In addition, the section consqie will be able to anticipate
the héed'for supplies well in advance of a shortage if it keeps a
ruﬁning inventory based on deliveries, section production, and average
usage per ton.

Maintenance material needs can also be predicted by the console
monitoring systems and preventative maintenance schedule. Therefore,
parts can actually be delivered to the section before the special
maintenance crew arrives based on the predicted needs of a particular
breakdown. Troubleshooting by the maintenance crew may turn up
additional requirements in special instances, but maintenance delays
will be considerably reduced when the anticipated repair part delivery
is sufficient for the job.

-- Obviously, section servicing such as rock dusting, conveyor belt
moves, greasing, f£illing hydraulic oil tanks, etc., will be considerably
faster since the necessary materials will be in the right place in
this more predictable mining system. The predictability extends to
the point of computer initiated orders to vendors of routine supplies,
such as roof bolts and oil, “greatly:zassisting the purchaéing depart-

ment function.
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Stage IV - Remote control mining restricts supply delivery to
the service periods. Increased production results in the problem of
having to deliver a large amount of supplies in a short period of time.
It is expected that several section supply vehicles may be required to
handle the increased supply volume. These vehicles may have special
features to facilitate handling preconstructed stoppings, and other
unique supply items. Detail investigation may determine that special
supply c;ews equipped with rubber rail supply vehicles will service
vafious sections in a prearranged schedule of programmed downtime.
15. Fresh Water Supply and Drainage Water

Present ~ Fresh water is needed on the mining section to cool
motors, suppress respirable and float coal dust, remove roof drilling
fragments, cool bits, and fight fires. If a mine section is accumulating .
drainage water, permissible,>portable sump pumps must be utilized to
remove excess water from the working section and escapeways. Pumping
accumulating drainage water from old workings may also be necessary.
Obviously, drainage water and supply water must utilize different
pipelines to avoid the possible sediment that would plug dust suppression
sprays in the fresh water system. At present, water pipes for an
advancing and retreating section are transported on extra long, rail
supply cars into the section supply track. They are manually unloaded
“and pulled into place on the section., Manual connections are made
"~ between the pipes, valves, and other required fittings which snap
‘or bolt together. Pipes are commonly steel or cast irom, but the use
of plastic and fiberglass is increasing depending on service and type

of application. From the inby pipe end (usually located near the section



belt tailpiece), a flexible hose extends to the continuous miner
and/or roof bolter. Normally, dust suppression sprays require
cleaning and a filter requires changing on a regular basis to prevent
clogging.

Federal regulations for fire protection are as follows:

1. Water lines shall be capable of delivering 50 gallons
.per minute at 50 pounds per square inch nozzle pressure,

2. 'Water lines shall be installed parallel to belt con~
veyors with outlets at 500-foot intervals.

3. Water lines shall be installed parallel to haulage
tracks with outlets at 500-foot intervals,

4. Unless fire-resistant hydraulic systems are used, a fire-
suppression system (such as a water deluge system) shall
be installed on.underground equipment.

5. Main and secondary conveyor belt drive must have approval'
deluge=-type water spray systems.

Proposed - The proposed water supplyrand drainage operation for

Stages I-~-1IV follows:

. Stage I - With the exception of improvements in dust suppression
"designed into the AES machine, no change from the present is antici-
pated.

Stage II - No change anticipated from Stage I.

Stage III -~ Water quality and pressure at each mining machine -

.- should be monitored. The operation of all pumps and sump water levels
in the mine also should be monitored, but at the surface water control
center. Dust monitoring and water monitoring systems should interface

data so a high dust count in a particular area can result in more

39
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spray water being applied automatically. Interlocks to automatically
turn on water when conveyor belts are started and when machines are
cutting coal are necessary.

Stage IV ~ The water flow into a section should be regulated and
controlled remotely. All pumps in the mine should be remote controlled
and monitoreé. In the startup check sequence for section operationm,
proper wﬁter quantity and supply should be assured. In areas where a
high dust concentration is being recorded, the water quantity and/or
pressure should be increased remotely to reduce dust. A water moni-
toring system should be established to control the fresh water supply
and the drainage water outflow.

16. Equiément Service.

Present - At present, mining machinery is lubricated, hydraulic
oil tanks are filled, and worn cutting bits are changed during a
service or breakdown period on a production shift or during an idle
shift scheduled for service and maintenance. These jobs are performed
manually, They are extremely important to maintaining production
levels since many maintenance delays are -a result of inadequate machine
.service or lubrication. Automatic lubricators have been installed .
on some mining equipment. Service also includes cleaning the machine,
which may be accomplished by washing with a water hose attached to
-the dust suppression water sﬁpply, and chécking various operating
components.

Proposed - The proposed service equipment operation for Stages

I-1V follows:
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Stage I - The hydraulic oil contaminant identification testing

program anticipated during Stage I (see Appendix C) will be a great

help to preventative maintenance scheduling. In addition, the hydraulic

oil level gauge is expected to be more prominent than those currently in

use, whidh should help prevent operating the machine when it is out
of oil. Somé lubrication will be automatic. Manual bit changing and
some maqpal lubrication is expected to cbntinue as in the Present
Stgge.

* Stage II ~ The only change from Stage I is the possible addition
of an individual equipment service vehicle.

Stage IIL - The monitoring system should indicate servicing needs
of each automated piece of equipment, As much automatically applied
lubrication as 1s practical should be utilized. A special service
period will be planned into the equipment operation cycle‘to reduce
ma@ntenance breakdowns and equipment wear as ﬁuch as possible. Equip-
ment monitoring systems will be able to ascertain if servicing is
being accomplished too frequently, or not often enough. If a service
job is mistakenly omitted, the monitoring system would be able to
detect a machine malfunction that is serious enough to result in
excessive machine wear and transmit data to the machine inspector
so he would stop the machine until the service job is performed.

Stage IV - The equipment status monitoring system developed in
Stage III would transmit information to the section remote console,
Levels of hydraulic oil, lubricant, and bit usage would be maintained

in the section computer data that would be useful for evaluating
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machine conditions and provide data for reordering supplies. Also
different bit, oil, and lubricant types could be easily evaluated to
optimize the lowest cost product.

17. Maintenance.

_Present - Almost all of the curfent mine maintenance is repairing
equipment breakdowns. Very little preventative maintenance is practiced.
Breakdowrn maintenance consists of determining what has failed, ordering,
and supply the correct replacements and substituting the new parts,
Normally, each production crew has a mechanic who is backed up by a
maintenance foreman and roving general mine mechanics. The amount
of delay time resulting from a breakdown repair depends on how well-
trained and experienced the section mechanic is in locating the problem
plus replacing the defective part. Also, the availability of required
parts can have a significant time impact. Much time can be saved if
a spare inventory of often-used parts is stored in the section,

Proposed - The proposed maintenance operation for Stages I-IV
follows: .

Stage I - The hydraulic oil contaminant tests proposed for the AES

-machine should improve preventative maintenance of the hydraulic system,
However, breakdown and preventative maintenance are going to take

longer due to the number of items on the AES, and the lack of main~
tenance working room. National Mine Service personnel have attempted

to design a high degree of reliability into the machine, but component
change~out times will increase as a result of cramped working areas that
are due to placing additiodal components on a larger machine operating

-

in a narrower entry than present continuous miners.
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Additional maintenance delay times will result from stopping the
cutting and loading function while a component relating to ventilation
or roof support is repaired. These are presently separate delay func~
tions. The ventilation system should be relatively reliable, but
problems often occur with the roof bolters and there will be four of
them on this machine. These should be unitized . for quick replacement.

The ‘control of force.on the sump and shear cylinders by the
automatic cutting cycle is a maintenance improvement. Any controls
that reduce the wear on machine components produced by a bad operator
will decrease maintenance delays.

Stage IT - Increased training will be required to allow efficient
troubleshooting and replacement of mofe sophisticated components. (Main~-
tenance training is discussed in Chapter 8). Changes in the AES
‘design to improve reliability and maintainability will result from the -
‘ Stage I operation. )

Stage IIL - Monitoring of hydraulic oil level, bearing temperatures,
machine vibration, sump and shear rate, electrigal, and other .para-
meters by the equipment-condition monitoring system will produce data
to indicate or predict failures. Historical data concerning monitoring
data patterns and type of failure can be useful in setting up a
component-~change-out type of preventative maintenance program. That is,
rather than wait for a component to fail, a replacement can be made at
a time prior to failure that was predicted by utilizing knowledge of
prior component life and patterns of monitoring data. Therefore, an

unscheduled delay that stops production can be eliminated by a scheduled
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change-out during a service period. Also, time required for trouble-
shooting and waiting for the proper part to arrive on the section can
be reduced with this system.

If a component change is not made in time and a breakdown occurs,
information from the monitoring system should help reduce trouble-
shooting timé. The éupply handling vehicle should assist in delivering
heavy maintenance parts and reduce the time spent waiting for a repair
part. Maintenance records should result in a better inventory of parts
on the section - further reducing delivery time. A more comprehensive
and complete section-parts vehicle should be utilized. -

With the introduction of sophisticated parts sych as solid state
electrical devices, a component change-out system is much better than
trying to train mechanics to repair parts underground. The underground
environment is also restrictive to many tedious repair jobs. It is
better to send the parts to the surface where the right conditions and
tools are available for their evaluation and repair by experienced,
qualified personnel.

Stage IV ~ The equipment status monitoring system data will be used
much the same as in Stage III for preventative maintenance; however,
more experience with the prediction system will make it more accurate.
The central surface computer should automatically order the correct

-part in instances where the anticipated failure is clearly defined and
"route a work order to the maintenance crew to change out the part om a
preplanned service period. A remote control order to stop the machine

and send in a service crew should be initiated if the section remote
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console computer detects a failure that would cause a safety hazard

or damage the machine if preventative steps are not taken. Alternativeiy,
the mining rate may be slowed to prevent a failure, and production con-
tinued until the necessary parts and personnel arrive to make the

repair. Certain parts that break down during the production period
should not réquire stopping production. They can be changed out on the
next available service period. This decision will be made by the foreman
and machine controller based on data available at the remote control
station.

18. Monitoring Systems.

Present - Monitoring systems that have been used to date are methane
detectors .on mining equipment, fire detectors on conveyor belts and power
facilities, pressure recording gages at main fans, running hour meters
on.Fontinuous miners, and operational indicators on belts and other
equipment. Some‘closéd circuit television systems are used for obser-
vation monitoring of bins, crushers, and conveyor belts. Several recent
research efforts have provided viabie monitors, especially for ventila-
tion and communications.

Proposed - The ﬁroposed monitoring systems for Stages I-IV
follows:

Stage I - No.additional monitors to the present capabilities are |
anticipated.

Stage II - The same requirements as in Stage I are anticipated,
However, the addition of return airway enviromnmental monitors will be
initiated and the various major monitoring systems necessary for

Stages III and IV should be under development.




Stage III - In order to system integrate and automatically
activate the continuous mining process, a number of major monitoring
systems will be required. Some systems can be machine mounted and
others will be located on the roof, rib, or floor. This may require
frequent moves concurrent with the advance or retreat direction of
mining. Allnmonitors will require calibration and periodic verifi-
cation of correct operation at specified intervals. Equipment to
check the proper functioning af vital sensors may also be necessary.
The necessary major monitoring systems in general terms are as
follows: equipment status and performance (AES and haulage), roof
control, mine environment (ventilation and rock dusting), electrical,

" and water.

Condition and performance parameters to be included in the major

monitoring systems are:
A. AES Machine -

1. 6perating mode, performance, and condition of various
machine components including extraction, roof support,
and ventilation;

2. position of machine in entry;

3. intefrelationship with other equipment;

4. hydraulic pressure and tank level;

5. voltage, current, and power factor of electrical
components;

6. mnoise and vibration; and

7. temperature of motors, hydraulic oil, and bearings.,

66
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Haulage equipment (belt) -

1.

operating mode, performance, and condition of various
haulage components;

position of haulage equipment in entry or system;

quantity of material in transit;

status of panel conveyor;

hydraulic pressure and tank level;

voltage, current, and power factor of electrical
components; and-

panel belt alignment, speed, dust generation, and

spillage.

Roof control -

1.

operating mode, performance, and condition of primary

and secondary roof support systems components;

supplies available for roof bolting;

dust collector capacityg

distance between present AES position and last installed-
row of belts;

torque on 25 percent of recently installed bolts,
torque on 10 percent of bolts inby and including the
last crosscut;

roof sag after bolts are installed;

roof and floor convergence;

seismic events on "roof talk';

loose immediéte roof; and

pillar stress.
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Ventilation -

1.

operating mode, performance, and condition of ventilating
companents;
air quantity and quality at all faces, return, intake, and

in the belt entry;

‘air velocity over the miner; and

34. status of the ventilating equipment.
Rock dust -
1. operating mode, performance, and condition of rock

dusting components;
quantity of rock dust in storage bing
quantity of rock dust in trickle duster; and

amount of new advance requiring rock dust,

Electrical - o

1.

5.

operating mode, performance, and condition of electrical
components.

voltage, current, and power factor on the low-voltage
side of the section power center for each piece of
equipments' power conductors;

voltage, current, and power factor on the high-voltage
side;

ground current; and

position of trailing cables.

Water supply and drainage -

1.

operating mode, performance, and condition of water

equipment components;
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2. pressure and quantity of water for dust suppression
and fire fighting; and
3. pump operation and sump levels.

Stage IV - Remote control requires that data from the monitoring
gystems be transmitted to the remote comsole. In addition, the
positions of'éach machine in the section must be known at any instant
more accuiately than in Stage III. That is, the machine inspectors in
Stage III can supply information for guidance, however, in Stage IV,
these inspectors will not be present in the section. As a result,
information for guiding a machine to a specific location must come
from some type of machine position sensor.

19. Spillage and Roadway Clean up (other than belts).

Present - The pickup loading machine utilized behind the miner

- 1s presently used to clean shuttle car roadways and coal ét tﬁe”faéé'

‘not loaded by the continuous miner. Hand shoveling is used to clean

up the shuttle car dumping points.

Proposed - The proposed spillage clean up operations (other than
belts) for Stages I-IV follows:

Stage I - Even though .the. AES machine has an improved gathering
ﬁeéd, its size precludes the maneuverability necessary to completely
clean up entries. Therefore, a battery scoop (also utilized for supply
handling and power for move ups) is necessary for initial gleanup -
behind the AES machine and periodic recleaning of roadways.

Stage II - No éhange anticipated from Stage I.

Stage III - No change anticipated from Stage II,
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Stage IV - Cleanup will be accomplished with the Stage I methods
except it will be confined to service periods.
20. Miscellaneous.

Present ~ The miscellaneéus category counsists of general mine
construction{ track installation and maintenance, trélley wire instal~
lation and maintenance, and equipment moving between panels, These
operatiogs are often intermittent, rather than a regular part of the
daily section work load. They are performed by the gemeral inside
work crew rather than the section crew. The scheduling of this work
is a function of the face advance, and the units of work that can be

efficiently performed by a work crew.

Proposed -

Stage I - No change anticipated from the Present Stage.

Stage II - No change anticipated from the Present Stage.

Stage III - No change anticipated from the Present Stage. However,
movement of monitoring systems and the supervisory control station
will increase the work load.

Stage IV = No change anticipated from Stage III.
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Chapter 4
PRODUCTIVITY

Introduction

The qverall impact of automation technology is measufgdwég terms
of safety and profitability. Chapter 6 discusses the safety impact.
This éhapteerrojects the production which is the basis for the pro-
fitabiliéy determination in Chapter 7. The ﬁnit shift producﬁion levels
for the Present Stage through Stage IV are developed in this chapter.

The typical current mining cycle operation of high production for
short periods of time is challenged by an automated plan of more con-
tinuous production at a slower rate - but for longer production periods
that will be less damaging to the equipment and more mangggg@%gf
Scheduled downtime or service periods is an important part of this
innovative mining system. The purpose of the arrangement is to be able
to produce coal at a certain rate for a specified period and then
deliberately shut down the total section extraction system, with the
exception of certain monitoring groups necessary to insure safe working
conditions, for scheduled servicing and maintenance. Consequently,
unscheduled, prolonged, breakdown maintenance, and other unexpected
delays will be reduced through preventativé maintenance and diagnostic
machine monitoring. Nevertheless, the production period length must be
adequate to produce sufficient coal to pay for the additional capital
investment needed in automated, remote-controlled continuous mining.

The following production analysis of automated mining is based on
existing equipment time studies in a mine similar to the hypothetical

case study operation. These time studies were extrapolated to the
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expected performance of the AES machine by computer simulation. The
results of the computer analysis and comparison are repofted in

Appendix A. The AES machine projected performance is based on the
design data, furnished by the manufacturer, that is listed in Appendix B.
--The mining plan used for comparison is shown in Figure 2-1. All of the
production figures developed in raw tons mined in an eight-hour shift
and then. converted to clean toms.

The study presumes that adequate job safety and productivity analysis
has been made of the procedural steps from both an innovative and safety
viewpoint to develop the extensi&e training programs required for
machine operators, service and maintenance persomnel, and mine managers.
The workers must be properly trained in order to operate the equipment
in a productive and safe fashion, since operatibn and maintenance of
automated equipment w;ll differ significantly from that currently
used. Effective troubleshooting methods should be a major part of
training programs for maintenance personnel so the required work can
be performed in the allotted service time. Training is discussed
Eﬁrther in Chapter 8.

The monitoring system, especially the electrical and equipment
- condition sensors, should provide valuable information that will reduce
defect detection times. In some instances, the computer analysis of
data may lead to failure prediction so spare parts and required
maintenance personnel can be dispatched to the section during a service
period. Therefore, a fepair can be made before a production limiting

breakdown occurs.
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The production reported here is the expected average, not "peak'
or "theoretical" level. Automation should cause the day-to-day tonnage
to be more constant at a mine resulting in fewer low and high pro-~
duction days. Production fluctuations will still occur; especially

”dufing the transition period (discussed in Chapter 8) to automation,
but they wili be less pronounced and less common than in the Present
Stage. ‘

The reported figures do not contain the coal mined by the con-
‘struction or section setup crew. These crews are required to mine several
‘crosscuts away ffom the main or submain entries in order to establish
Suffi¢ient space to set up the AES system equipment when a new panel

is Beiﬁg started. This production is intermittent and limited when

~ compared to the total mine tonnage.

. Production Analysis

- The calculated unit shift productions are listed at the bottom
- of Table 4-1. This table lists the times for production ;ﬁdrdelaf
elements in each stage, that are defined in the following discussion.
- The Present Stage times are a result of time and motion studies and
«.the_aqthors' experience. Projected times for the projected automation
stages are based on the anticipated occurrences of automation technology
~and its effect on the Present Stage production.
1. Cutting and Loading.
. Cutting and loading is tﬁe period of time that the extraction
machine is cutting coal and loading it into the haulage mechanism

(shuttle cars or belts) or dumping the coal on the floor for the pickup
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Table 4~1. Unit Shift Production Analysis.
Stage Stage Stage Stage
Present I I1 ITI IV
- 1. Cutting & Loading (min.) 70 95 140 200 230
2. Place Change (min.) 45 25 30 45 55
3. Shuttle Car (min.) 0 40 0 0 0
4. Mantzip (min.) 50 50 50 50 50
5. .Lunch (min.) 30 30 30 0 0
-6. Fireboss Inspection (min.) 15 15 15 10 10
-7. Other Necessary Time (min.) 30 25 25 . 20 15
8. Bolt Delay (min.) 60 30 20 10 0
9. Prepare to Start (min.) 20 20 20 15 10
10. Prepare to Leave (min,) 20 20 20 15 10
11. Maintenance (min.) 75 75 75 75 75
12. Ventilation (min.) 10 10 iO 10 10
13. Outby Haulage (min.) 20 20 20 10 0
-14. Other Delays (min.) 35 _25 25 20 15
Total Shift (min.) 480 480 480 480 480
Raw Tons per shift 310 380 560 800 920
Clean Tons per shift 250 310 460 660 750




loader té remove. There is no time for cleanup with the miner
__contained in any of the five stages' production analyses. The ,
~ pickup loader accomplishes the cleanup in the Present Stage and
the large extraction machines could better utilize their time in
cutting coal and place changing without cleaning. in the latter .
stages. Conseduently, it is projected that a battery scoop will
be utilized to clean roadways so the extraction machine will not be
used in this low productivity operation in Stages I through IV.
- The duration of the cutting and loading period is determined by
subtracting all of the other allotted time elements (described in
the following) from the total shift time of 480 minutes. The ave:agé
cutting rate, four tons per minute, is then multiplied by the amount
of cutting and loading time to obtain the averagevraw tons per .unit
shift in Stages I through IV, The average shift tomnage for the
hypothetical case study mine is utilized in the Present Stage where
the average cutting rate is calculated to be 4.4 tons per minute. The
AES has the capability of cutting at a rate of eight tons per minute,
If this higher rate did not increase certain delay times, -it could
increase tonnage above the projected figures; however, its use on a
continuoﬁg basis is not anticipated in this study because roof bolting

will not be able to keep up. Faster bolting is projected to ﬁodify

2. Place Change.
The amount of time required for the extraction machine and auxiliary

apparatus (ventilation tubing, cables, water hose, etc.) to move from the
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end of one cut to the beginning of the next, as outlined in Figure 2-1,
is the place~change time. It depends on the extraction machine tram
rate of 20 to 40 feet per minute, and the additional time to move the
auxiliary apparatus. The Stage I time is reduced from the Present
Stage-due to the elimination of moving a separate auxiliary ventilation
fan, waitingﬂfor the pickup loader to remove the coal pile and clean
the road&ay, and moving the ioader and its cable, -

A place-change time of 26 minutes per move and one move per 360
raw tons resulted from the computer simulation of the Stage I opera-
tion. In Stage 11, an improved face ventilation system will allow
advancing for two crosscuts instead of one before place changing (see
Figure 2-2). Therefore, the distance to be moved increases, but the

--frequency of moves decreas’eso Since the extra distance adds little
time to the move (only tram time) because the time required for moving
" auxiliary apparatus is about the same, the overall effect on produc~
-tivity is positive. The frequency of occurrence is projected at one
move per 620 tons with the changed mining plan. Replacing shuttle
car-haulage with mobile conveyors will increase the place change times
by 20 percent. These base figﬁres are used to project the place
change times in Stages II, III, and IV - considering the increased
tonnages.
3. Shuttle Car Changeout.

The shuttle car changeout time includes the amount of time the
miner is waiting for an empty shuttle car to arrive and position itself
under the tail boom. No delays to the miner are incurred during the

Present Stage because a pickup loader is used. However, at times the
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coal pile behind the miner becomes too large and a delay is incurred
while the coal is loaded out. This time is included in the "outby
haulage" and "other delays'" categories.

The computer simulation provides the shuttle car changeout times

- for Stage I utilizing tram speeds, loading, and dumping times. Stages

II, III, ahdeV utilize mobile conveyors rather than shuttle cars, so
no shuttle car delays are listed.
4.  Mantrip.

- The mantrip time includes the travel time from the portal to the .
~-working section. It encompasses the time to walk from the mantrip
“car, after it has arrived at the section, to the machine at the face.
Automation technology, as it is emvisioned in this report, will
-not change mantrip times. The Present Stage time is used for all four
"automation stages as well. This area may lend itsélﬁ_to.future study. -
5. Lunch.

The UMWA contract specified period for lunch, 30 minutes, is taken
--.in the Present Stage, Stage I, and Stage II. In Stages III and IV,
" the automatic equipment will remain operating while the crew eats at
- designated times. A staggered lunch period, used in some present mines,
will be much easier to schedule in Stages III and IV.
6. Fireboss Inspection.

Before the men advance to the working place at the beginning of
" each shift, the faces must be examined for hazardous conditions (methane
- gas, ba& roof, etc.). This examination is usually made by the foreman.

The fifteen minutes required for the Present Stage will be constant
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for Stages I and II also. However, the monitoring system information '
available to the examiner in Stages III and IV will reduce the time
required to 10 minutes. It is desirable that the examination in
Stage IV be made prior to the service period rather than at the -
beginning of the shift.
7. Other Neéessary Time.

Time required for miscellaneous times such as testing the roof,
examining for methane, talking shop, han&ling material, ete,, that
_are necessary from a production or safety viewpoint are included in
this category. The Stage I duration is reduced from the Present Stage
because of the contiﬁuous methane monitoring system installed on the
_AES machine. Stage II time remains the same as Stage 1. The times
for4Stage III and IV are reduced because of the introduction of the
supply vehicle and the ability of the automated machines to continue
operating while the operator is talking shop.
8. Bolt Delay.

_ The amount of time that the extraction machine is delayed because - -
:roof bolting 1s slower than the mining rate is noted: in this category.
In the Present Stage, the continuous miner must stop to allow the
bolter to operate from a stationary position. In Stage I, the time
is reduced éince the bolters are allowed to remain stationary while

the AES is mining due to the hydraulic sump feature. However, the

- mining rate is faster than the bolting rate, so some production delays,

indicated by the computer simulation, are still incurred. Improvements
in the AES roof bolters should reduce the delay for Stage III and

eliminate it in Stage IV.
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9. Prepare to Start.

A few minutes is required at the start of each shift for the men
to place their lunch buckets in the lunch area, take off their coats,
receive instructions from the foreman and inspect their equipment
before operating it. The Stage I and II times are the same as that
gor the casegstudy mine. However, the monitoring systems and section
remote sﬁpervisory console will reduce equipment inspection times and
-improve planning éo the amount of instruction required for startup
is_decreased in Stages III gnd Iv. ) : -
-10. Prepare to Leave.

A few minutes are required at the end of each shift for the men
_to-put on their coats, pick up their belongings, place their equip~
ment in a safe position, and inform the foreman of the equipment
- operating condition and position. Stage I and II times are the same
as the Present Stage. However, Stages III and IV times decrease due
ﬁo the improved efficiency of reporting machine condition and opera-
ting. condition with monitoring system data. In addition, the automatic
.. machines should be designed to automatically return to a safe position
and operating mode whenever they are stopped.

11. Maintenance.

The amount of time the extraction machine is stopped due to repairs
or servicing of any mining system element is classified as a maintenance
delay. The lack of predictability of the result of the introduction
of automation technology has led the authors to maintain a constant

time for maintenance throughout the automation progression. - .
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On one hand, automation may increase maintenance times because
of the number of components and the interrelating condition of many
elements. That is, there are more components on the extraction machine
that can fail, which increases the possibility of a delay. In addition,
‘the mining section functions more as an interrelated system than a
collection of separate machines, Therefore, if one element fails,
producti&n is stopped - which is not always the case in the Present
Stage.

- On the other hand, the predictability of breakdowns should improve,
better information will be available for comparison of different parts,
and breakdown maintenance will decrease as preventative maintenance
-increases. All of which should reduce maintenance time. Present
breakdown maintenance is inefficient from the standpoint of not having
. the correct parts, tools, and personnel at the job site when the
repair is to be initiated. That is, the mechanic has to get his tools,
.find the problem, order the necessary parts, and make the repair. At
times he must call for assistance either in locating the defect or
- making the repair. IF a computerized monitoring system cah provide
enough data to predict or diagnose failures, the correct parts, tools, _-
and personnel can be in the section during the service period to make
the repair.

Nevertheless, the actual times reqﬁired for maintenance are
difficult to predict and depend on equipment design, spare parts -
inventory, and trained personnel. The authors project that the -

"advantages will equal the disadvantagés and maintenance delay time
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will remain about the same, but it wili be more scheduled and predictable.
This is an area of mining offering tremendous opportunity for improve~
ment through additional research and development.

12. Ventilation.

The amount of time that the extraction machine is delayed while
face ventilaéion (tubing and fan) or other air coufsingtstruétures are
emplaced’ comprises this category. The average per shift time for
placing ventilation in dead-end places and in faces for weekend or
other idle days is also included - if this work delays the extraction
process.A Otherwise the main time element is advancing the face venti~
lation. The Present Stage mining system utilizes an extensible
_section of tubing that the roof bolter operator can slide up to within
10 feet of the face‘during mining, Sections of tubing can be added. when
the machine is stoﬁped for bolting., Consequently, vgry little time is .
lost for ventilation. Even though the AES has a much improved face

~ ventilation system, the time for ventilating faces for idle days will
. - remain about the same as the Present Stage so no decrease in this
--.category is anticipated for the progressive automation stages. As
.- was noted previously, the improved AES ventilation system will decrease .
-place change time.
13. OQutby Haulage.

Delays caused by the section or main conveyor belt when it stops
are included in outby haulage delays. Problems with controllers,.
slippage switches, fire alarms, and other protective devices may.

-shut down the belt, Also, maintenance problems such as bad splices
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and transfer point "plugup" will stop the belts, The Stage I and II
delays remain the same as the Present Stage. However, the introduction
of monitoring systems and scheduled maintenance periods will reduce

the delays in Stage III and reduce them to a low enough level that

they will be included in the "Other Delays' category of Stage IV.

14. Other Delays.

Misgellaneous unscheduled delays sﬁch as roof falls, excessive
water iﬂ the faces, stopping the machines to reduce methane concen-
trétions, installing additional roof supports, applying rock dust,
etc., are classified as other delays. These delays remain constant
for thé Present Stage, Stage I, and Stage II. They will be reduced
in Stages III and IV because the monitoring systems and computerized
supervisory control will make them more predictable, detectable, and

easier to avoid.
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Chapter 5
PERSONNEL REQUIREMENTS

Introduction

This chapter of the report presents the logic of personnel changes
from the Present Stage through Stages I, II, III, and IVAfér each of
the projected job functions or mine operations. The personnél require-
ments for St;ge I and Stage II, in many instances, are similar inv'
sﬁructuré.to the present classification with appropriate adjustﬁents
for work loads. In Stage III the section is system—ig;egréted wiﬁﬁv
rsubstantial machine and control interrelationship. Atiéhis po;nf, ﬁhe
machinerperator and helper role should be significaﬁﬁly ubgraded 3
through job definition and training to encompass more teéhnical work
sﬁch as inspection and monitoring. In Stage IV it ié intended to‘;g?qve
allrpersonnel from the immediate face area during scﬁéduled produétion‘
‘periods. Personnel will re-enter the face area for é&érgenéy bre;k-
down and routine service times.

The shift time will be subdivided (as outlined in Chapter 4) into
scheduled production and service times. Maintenance and ancillary
service functions will require a high degree of preplamning to be per-
formed quickly and efficiently on schedule. Consequently, a larger
percentage of the mine personnel will be involved in supervisory,
maintenance, inspection, and training jobs compared to present operations.
Computerization, procedure manuals, and operational check lists will
become standard practice in the later stages to assist in efficient
planning of all work.

The mine expansion will require more people in the general service

and supervision area. Training personnel will assume an increasingly
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important role in the company organization. The extensive use of
communications, monitoring, and computer will require a greater
number of skilled electronics and computer technicians and engineers.
The substantial amount of engineering preplanning, production data
analysis, and more sophisticated mining systems resulting from auto-
mated mining and system monitoring will require substantially more
engingers of all types. ‘

The transition period from the Present Stage to Stage IV will
"require extensive efforts on the part of management and union personnel
to absorb in an efficient manner the technology being developed in
research and development programs. It is important that nonproductive
paperwork jobs not develop in the maze of data processing.

Following the model of Ehe aviation industry, well-documented
~instruction procedures similar to "flight training" should be estab-
lished for the various job functions. This will be necessary both for
engineering preplanning and personnel training. The engineering pre-
planning will utilize computer analysis of monitoring sysﬁem output
" data. The impact of increased personngl training changing worker roles
- and the introduction of computers will be discussed in meore detail in
- the Psychological and Organizational Impact chapter of this report.

In a number of job classifications the ;anpower requirements are
-considered to be directly related to production tonnages and are pro-
rated accordingly. Significant improvements may be made in the future
in some labor intensive activities, such as general mine supply delivery,

that have been considered directly related to production, but a separate
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study is needed to justify the economics of such advancement, so such
changes are not included here.

) In addition, more rapid panel extraction may permit larger panels »
to be mined, thereby reducing the amount of deadwork per tomn for
established panel services. However, more research is ;equired in

.the modifications which can take place in total mine layout, so panel

dimensions remain comnstant throughout this study.

Personnel Requirements

rDevelopment of personnel requirements for the individual mine
operations is the subject of the remainder of this chapter. Taﬁles
~ 5-1 and 5-2 list the required labor and management pefsonnel, respectively,
1. Cutting and Loading.

Present Stage - One continuous miner operator and oné loading
machine operator or continuous miner operator helﬁer*éiéAreQuifea”per
producing section. One million clean tons per year féquires 18:machiﬁe
rshifté producing at 250 clean tons per shift on a 220-day-per-year basis.
Therefore, the total manning is 18 continuous miner 6péfétbrs and 18
helpers. N

étage I - One extraction machine (AES) operator is requiféd per

» préducing section. Tﬁé total manning is 18 extraction machine oper-
ators.
vétage I1 - Manning is the same as in Stage I.
| Stage II1I1 - The extraction machine operator job title changes to

technical service—-extraction. One technical serviceman-—-extraction is

required per producing section for a total manning of 18. The operating




Table 5-1. Labor Manning

Present Stage Manshifts per Day

Section Crew

Miner Operator 18
Loader Operator 18
Shuttle Car Operator 36
Roof Bolter 36
Brattice Man 18
Utility Man 18
Mechanic ' _18
Subtotal 162

General Inside

Supply Motorman 12
Beltman 22
Trackman 8
Wireman 4
Mason 5
Pumper-Pipeman 3
Mechanic 15
Rock Duster 2
Equipment Mover 4
Conveyor Mover 9
Fireboss 4
Oiler-greaser 9
Electrician 6
Utility Man 21
Subtotal 124
Qutside
Lampman- 3
Scoop Operator 2
Mechanic 18
Hoistman 3
Supply Crew _4&
Subtotal 30
Total Mine Labor 316

‘Total Management from Table 5-2 59

Cleaning Plant Employees 25
TOTAL 400

Clean tons/man shift 11.3

Stage I Manshifts per Day

Section Crew

Extraction Machine Operator-
cutting
Shuttle Car Operator
Extraction Machine Operator-
bolting
- Ventilation Man
Supply/Utility Man
Mechanic

Subtotal

General Inside

Supply Motorman
Beltman
Trackman
Wireman

Mason
Pumper-Pipeman -
Mechanic

Rock Duster
Equipment Mover
Conveyor Mover
Fireboss
Oiler-greaser
Electrician
Utility Man

Subtotal

Qutside

Lampman

Scoop Operator
Mechanic
Hoistman
Supply Crew

Subtotal

Total Mine Labor

86

18

36
36

18
18
18

144

150

00 N W

oo

32

326

Total Management from Table 5-2 74

Cleaning Plant Employees
TOTAL

Clean tons/man shift

30
430

13.0



Table 5-1.

Labor Manning (Continued)

Stage I1 Manshifts per Day

Section Crew

Extraction Machine Operator- 18
cutting

‘Mobile Bridge Operator 54

Extraction Machine Operator- 36
bolting’ ‘

- Ventilation Man 18
Supply Vehicle Operator 18
Mechanic 18
Subtotal 162

General Inside
Supply>Motorman 22
Beltman 22
Trackman 15
Wireman 8
Mason 10
Pumper~Pipeman 6
Mechanic 28
Rock Duster 5

- Equipment Mover 8
Conveyor Mover 11
Fireboss 4
Oiler-greaser 9
Electrician 12
Utility Crew 35
Subtotal 195

OQutside
Lampman 3
Scoop Operator 3
Mechanic 20
Hoistman 3
Supply Crew 9

' Subtotal 384

"~ Total Mine Labor 395

‘Total Management from Table 5-2 101

Cleaning Plant Employees

TOTAL

Clean tons/man shift

35
531

15.6

Stage III Manshifts per Day

Section Crew

Technical Serviceman-
Extraction

Technical Serviceman-
Haulage

Technical Serviceman-
Roof Control

Ventilation Technician

Supply Vehicle Operator

Mechanic

Electrician

Monitoring Systems
Technician

Subtotal

General Inside

Supply Motorman
Beltman

Trackman

Wireman ) S
Stopping Emplacer Operator
Pumper-Pipeman '
Mechanic

Rock Duster
Equipment Mover
Conveyor Mover
Fireboss

Oiler-greaser
Electrician

Utility Crew

Subtotal

Qutside o

Lampman

Scoop Operator
Mechanic
Hoistman
Supply Crew

Subtotal

Total Mine Labor

87

igT

18
18

18
18
18
18
18

144

31
22
22
12
15

40

12
12

18
49

263

3

3.
22

3
12

43

450

Total Management from Table5-2 117

Cleaning Plant Employees
TOTAL

Clean tons/man sﬁift

40

607

19.6




Table 5-1. Labor Manning (Continued)

Stage IV Manshifts per Day

Section Crew

Technical Serviceman-Extraction

- Technical Serviceman-Haulage

" Technical Serviceman-Roof Control
Ventilation Technician
Supply Vehicle Operator
Monitoring Systems Technician

Subtotal

General Inside

Supply Motorman
Beltman
Trackman
Wireman
Stopping Emplacer Operator
Pumper~-Pipeman
Mechanic

Rock Duster
Equipment Mover
Conveyor Mover
Fireboss
Oiler—-greaser
Electrician
Utility Crew

Subtotal

Qutside

Lampman

Scoop Operator
" Mechanic

Hoistman

Supply Crew

Subtotal
Total Mine Labor
Total Management from Table 5-2°

Cleaning Plant Employees
TOTAL

Clean tons/man shift

138
18
18
18
18
18

108

36
22
26
14
17
11
45

14
14

21
49

291

24

15
48

447
126

45
618

21.8

88



Table 5-2. Management Personnel

Position

Stage Stage Stage
Present I 11 III

Stage
v

89

Superintendent

General Mine Foreman

Asst. General Mine Foreman
Section Foreman/Supervisor
Construction Foreman/Supervisor
Haulage Foreman

Supply Foreman
Maintenance Superintendent
Asst. Maintenance Superintendent
General Maintenance Foreman
Shop Foreman -

Maintenance Foreman

Chief Mine Engineer
Draftsman

Survey Crew

Safety Director

Safety Inspector

Training Instructor

Dust and Noise Technician
Officer Personnel Manager
Time and Bookkeeper
Purchasing Agent
Warehouseman

Industrial Engineer
Electrical Engineer

Asst. Mine Superintendent
Mine Engineer

Design Engineer
Mechanical Engineer
Ventilation Engineer
Supplies Engineer

Haulage Engineer

Computer Scientist
Computer Technician
Additional Salary

TOTAL SALARY

-t
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101 117

126
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philosophy of scheduling a maintenance and service period for a portion
of the shift in Stages III and IV require that the employee be trained
in trouble shooting and machine repair. However, extensive repairs
will-be performed by maintenance specialists. He does routine main-
tenance and services the machine during the scheduled down time period
. and inspects-its operation during the production period. He is also
required. to operate the machine when turning crosscuts and changing
entries.
| Stage IV = One technical serviceman-extraction stationed at the
remote section console is required per producing section. The
serviceman-extraction will travel into the section to maintain, service,
and place change the machine and turn crosscuts during the scheduled
service periods. He will remain at the remote section console station
to interpret monitoring feedback data and make limited remote adjust-
ments during the straight ahead mining advances.
2. TFace Haulage.
Present Stage - Two shuttle car operators are required per producing
section. The total manning is 36 shuttle car operators.
Stage I ~ Manning is the same as the Present Stage.

: < Stage II - It is anticipated that a mobile bridge conveyor system .
will outperform shuttle cars in_this stage. The low production rate
(4 -tons/min), long straight ahead advances that reduce place changes,
60° crosscutg,.need for a mechanical means to advance ventila-
tion and miner cable and hose, and a method to remotely sense the
" continuous miner position in preparation for Stage IV are factors that

point to the usefulness of a conveyor behind the extraction machine.
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This is in addition to eliminating the cable and positional prohlems
associated with shuttle cars. A problem with mobile conveyor instal-
lation is the need for three short bridges to negotiate the cormers of
a l6-foot-wide entry. Therefore, three bridge operators will replace
. two shuttle car operators in each section for a total manning of 54

. mobile bridge operators.

Stage III - One technical serviceman-haulage near the belt tailpiece
or near’the area of turns being negotiated by the bridge is required to
moﬁitor the equipment operation and provide guidance in each producing
section for a total manning of 18. -

Stage IV - One technical serviceman-haulage is required per producing
section at the remote console station. Service and repairs to the haulage
system will be accomplished by this employee during the scheduled periods.
During production periods he will monitor the status of -the haulage
system and communicate necessary data to the extraction machine controller.
3. Section Roof Control.

Present Stage - Two roof bolters place bolts on either side of the
miner as it advances. In addition, two men center bolt entries and
crosscuts previously mined; however, these two men are utiiity men that .
~are listed in the chapter section on ventilation and supply handling.

The total manning requirement is 36 roof bolters.
- Stage I - Two extraction machine operators-bolting will place,
four bolts across the entry in front of the cutting and loading extrac-

. tion machine operator. Total manning is 36 extraction machine operators--

bolting.
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Stage II - Manning is the same as Stage I.

Stage III - One technical serviceman-roof control is required to
oversee the bolt installation process and assure adequate supplies.

Stage IV - One technical serviceman-roof control at each section
remote console is required. He will monitor the roof bolting process
and .the output data from the roof control monitoring system., He will
communicgte necessary information to the extraction machine controller.
Heiwiil.service the roof bolters and assist in supplying the bolting
units.

4. Section Face Ventilation.

Present Stage - One brattice man per section is required; however,
the roof bolters at the continuous miner advance the tubing to within
10 feet of the face during miner advance, leaving the bratticeman, who
is assisted by the utilityman, to place brattice in entries not being
mined. The bratticing job does not require all of his time, so the
brattice and utility men operate the center bolter when required. .They
‘also handle supplies and install auxiliary supports such as timber
when necessary. Total present manning is 18 utility and 18 brattice
men.

Stage I - Manning is the same as the Present Stage.

Stage II - Utilizing the cut sequence in Figure 2-1 reduces the

number of brattice installations so the ventilation man can assist the .

supply vehicle operator. The total manning requirements is 18 ventil-

ation men.
.- Stage III - One ventilation technician is required per section,

The ventilation technician will set up ventilation facilities during
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service jperiods and place changes., When coal is ‘being produced he
will review data from the monitoring systems, move up, install, and
calibrate new sensors. The total manning requirement is 18 ventila-~
tion technicians.
- 'Stage IV — A remote console ventilation technician is required
per -producing section, He will ‘observe environmental monitoring system
feedback information and communicate the necessary data to the extrac-
tion ﬁacﬁine controller. During service periods he will set up
venfilation and assist in servicing the monitoring system. The total
manning requirement is 18 ventilation technicians.
5. -Section Ventilation = Outby the Face.
-Present Stage -~ Three stoppings are required for each 88 feet of
: advance in the four entry systems shown in Figure 2-l1. . At 27 raw tons
"' per-foot of advance, one stopping will be constructed for each 790 touns
on development. The Present Stage tonnage mined on development is 38
" -percent of the total. Therefore, three stoppings per day. are required.
--"If a mason constructs a stopping in a shift, three masons are required
- -for -building stoppings. If each panel is 3000 feet long, and at least
five overcasts are required per panel, or one overcast per 43,000 tons.
Assuming two masons can construct an overcast in a week, and main-

tenance of old stoppings and overcasts require one mason, the total

4500 tons per day - 10 man shifts
X :
00 tons per overcast overcast

- -mason crew is five men (43’0
1 + 3 masons).
380 .
Stage I -~ Due to increased production, 310 X 5 = 7 masons will be

required.
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Stage II - An improved stopping emplacement machanism will be
developed to mechanize and speed up Stopping construction, As a

result one stopping emplacer operator will be able to install two
560

stoppings per shift. Therefore, 1/2 x 4 x 310 © 4 men are required
in addition to 3 x %%%'= 6 workers for overcast construction and s

maintenance for a total of 10 employees.

Staée III - Production increases %%% x 10 = 15 stopping emplacer

operators and men to construct overcasts and maintain ventilation

structures.

920
800

emplacer operators and men to comstruct overcasts and maintain ventilation

Stage IV - Additional production requires 15 x = 17 stopping
structures.
6. Trailing Power Cable Handling.

."See-Electricians (Item 17) and mobile bridge conveyor system intro-
duction in Stage IT (Item 2).
7. Moving Section Power Center.

See Electricians (Item 17), they will work with the conveyor movers
(Item 8) to accomplish this task. -

8. Section Conveyor Belt Advancement,

Present Stage - Extension or retraction of two crosscuts or 180 feet
of belt can be accomplished by a six~man crew in one shift. In addition,
four man shifts are required to prepare for the belt move. An average
of 155 feet of conveyor must be move& per day at the present retreat

and advance rates. Therefore, a nine-man conveyor move crew is required. -
380

o Stage I - Increased tonnage will expand the crew size to 310 ¥ 9 =11

conveyor movers.
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Stage II -~ It is expected that the belt-moving apparatus introduced
at this stage will allow the present belt crew size to keep up with the
increased production. Therefore, 11 conveyor movers are needed.

Stage 1IL - In order to keep up with production atbthis stage, two

crews of six employees each for a total of 12 will be necessary.

Stage IV - Due to increased production and,freqdeney of moves, the-

crew size will be increased to seven for a total of 14 conveyor movers.

9, Conveyor Belt Cleaning.

Present Stage - One man on each producing shiftrplus four ﬁen on
the general mine belts are required to maintain conveﬁer Beits within
rlegal requirements. The total manning is 22 beltmen. N )

A Stage I - The same manning requirements as the Present Stage are
anticipated. |

Stage II - The manning will not change during this stage;

» Staée IIT - The same manning requirements apply.

Stage IV - The section conveyors will be cleaned only dﬁring
service periods which means that a portion of the general mine belts
can be cleaned by the section beltmen during production perlods.A The'
manning can remain at 22 beltmen. | |
10. Rock Dusting (Section and Mine).

Present Stage - Rock dust is spread by hand from bagsrinreach
section by the utility man. A bantam~type duster is used periodically.
Roek dust on main haulage entries and supply tracks is done by a rail
ﬁoﬁﬁted duster. Two men are required to rock dust main'entries.

Stage I - It is anticipated that rock dust will be applied by

mechanical blowers during service shifts rather than by hand durihg
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the production shift. Therefore, the oiler-greaser on each section

maintenance shift will rock dust the section after the equipment has

been serviced. The general mine rock dust crew expands to %%% x 2 =3,

Stage II - Increased production results in a requirement of -

460

310 * 3 = 5 general mine rock dusters. -

Stage III - Production changes increase the general mine rock -

660
460

Stage IV - Additional production increases manning to a total

of %%%-x 8 = 9 rock dusters. e

11. Roof Testing.

dust crew to x 5 = 8.

.

- Sﬁage I and Stage II operations will remain the same as the Present
Stage. That is, the section workers, foremen, and firebosses check the
roof in each working place by "sounding." Stages IIT and IV will include .
the roof-control monitoring system which will not replace manual sounding
except during Stage IV production periods, but will provide more quanti-
tative &ata. The roof-control technician will operate the monitoring
system.

12. Methane Measurement.

--Stage I and Stage II operations will remain the same as the Present
Stage. That is, the section workers, foremen, and firebosses check
methane levels with methanometers and flame safety lamps manually at
" 20-.minute intervals and prior to working in a place. Stages III and IV
wiil include the environmental monitoring system which will not replace .
manual testing except during Stage IV production periods. The ventila-

tion technician will operate the envirommental monitoring system,
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13. Mine Examiner, Fireboss, or Foreman Inspections,
Present Stage - A total of four firebosses will be necessary to make
"~ the required mine examinations.
Stage I - No change from the Present Stage manning is anticipated.
Stage II - No change from the Present Stage manning is anticipated,
Stage III ~ No changé from the Present Stage manning is anticipated.
Stage IV - No change from the Present Stage manning is anticipated.
14, Supély Handling.

Section Supply Handling -

Present Stage = The utility man, with the help of the shuttle-car
operators, handles supplies for the section. Manning requirements for .
these positions are already listed,

-'Stage I - The manning requirements do not change, but a battery -
scoop-is introduced to help with cleanup and supply handling, -The
amount of assistance from the shuttle car operators should decrease.

" There are 18 supply/utility men already listed.

Stage II ~ A vehicle to handle supplies is introduced in Stage I1II.

The increased production results in increased supply handling so an
-operator is designated at this stage. One operator per production
section is required for a total manning of 18 supply vehicle operators.

Stage I1I - As in Stage II, 18 supply vehicle operators will be:

- required. The supplies should be unloaded at the panel submain inter~.
section during the production period or some other designated location-
- to allow a prompt delivery to the sectiﬁn during the service period.

Since supplies will be primarily for maintenance, roof control and
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ventilation it is anticipated that men from these areas will assist
the supply vehicle operator,

Stage IV - The same procedure as Stage III will be used except
no supplies will be delivered to the section during production periods.
Computerized supply ordering should allow supply handling to be con~
fined to service periods due to improved scheduling,

General Mine Supply Delivery

Present Stage - It is assumed that groups of sections are.generally

: locéted in close proximity to each other in the mine so that three
sections can be serviced by each supply crew (a supply motorman and a
helper). Assuming that production is at a level that supplies need to

be delivered only once each working day, six supply motormen are required.
In addition, three more crews, or six sﬁpply motormen will be required -
to deliver to general mine comstruction projects such as overcasts,
conveyor-belt extensions, track-laying jobs, and outlying sections.

~ The total manning is 12 supply motormen. This is a requirement of one
motorman per 465 raw tons per day.

Stage I - Due to increased production, the supply motorman ratio
‘- calculated above means approximately 15 supply motormen and helpers
are required.

Stage II - Maintaining the same ratio of one motorman to 465 toms,
the required number of supply motormen and helpers increases to 22 in
this stage.

Stage TII - A similar increase will raise the required number to

31 in this stage.
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Stage IV - Another production and supply=usage increase raises
the total to 36 supply motormen and helpers.
15. TFresh Water Supply and Drainage.
~" Present Stage - One man per day is required to travel to all pumps
in the mine, and to service, maintain, and operate them., In additionm,
one foot of pipe must be installed per 27 raw tons mined on development
and one ?oot removed per 45 tons on retreat. Therefore, 125 feet of == _ .

Pipe mist be moved daily. This task can be accomplished by two men,

‘fesulting in a total manning of three pumper-pipemen,

380

'Stagg I - Production increase results in 1 + (2 x 3169 =4 pipemen.
AStage II - Additional production requires 1 + (3 x %g%) = 6 employees. -
Sfage III - Increased tonnage results in a total manning of
1+ (5% 500 = 9.
Stage IV - Another production‘change increases pumper-pipeéemen-to -- " -7 -
1+ (8 x 32 -1,

16. Equipment Service.
Present Stage - An oiler-greaser lubricates machines on the service

shift daily in each section. Their duties will include filling hydraulic

" 01l tanks and changing the bits on the continuous miner, and rock dusting

the section. Nine oiler-greasers are required.
Stage I - No change from the Present Stage is anticipated.

" Stage II -~ Even though some automatic lubrication will be avail-
able on the automatic equipment some lubrication and oiling will still
ﬁeqféquired as a result, the manning requirement will remain constant.

Stage III - The same requirements as Stage II are expected, except

oiling and greasing can be done in the service periods.
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Stage IV - The same requirements as Stage III are expected.
17. Maintenance

Present Stage -~ Currently one mechanic per section is required
for a total manning of 18 mechanics.

Stage 1 -~ Manning is the same as the Present Stage.

Stage II - Due to the increasing complexity of equipment an
electrician ;nd a mechanic are required in each producing sectiom.

Staée III - Manning is the same as Stége IT.

Stage IV - Due to the removal of personnel from the section and
the clear division of production and service-maintenance times, the
positions of machine operator and mechanic are consolidated.
Additional maintenance and electrical personnel will be available from
a central pool. Operation of equipment does not require a full-time
person at this stage due to its automatic control nature.

General Mine Maintenance

Present Stage - It is anticipated that nine section shifts per day
be utilized for maintaining equipment in éddition to the 18 production
shifts. Two mechanics for each of the nine maintenance section shifts
will be required. In addition, six roving mechanics and three mechanhics
for general mine construction jobs will be required each day for a total: .
of 15 mechanics.

Stage I - Increased production results in a requirement of

%%% x 15 = 19 mechanics. -

Stage II - The mechanic force will be increased to %%% x 19 = 28
people.

Stage III - Production changes increase the maintenance force to
800

560 ¥ 28 = 40.
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Stage IV - Additional production increases manning to a total of

920

mx40=45.

General Mine Electrician

Present Stage ~ Two electricians per shift or six per day are needed
in the present mine.

Stage I - Increased tonnage in addition to increased electrical
complexity of machines indicates a need for eight electricians.

Stage II - Due to increased tonnage and manual operations becoming
mechanized with electric controls in addition to increased electrical"
complexity in automated equipment, the number of electricians is
expanded to 12.

Stage III - It is estimated that the number of electricians will
increase from the previous requirement due to the introduction of
monitoring systems and system integration control requirements. Total

manning is projected at 18.

Stage IV - Electrical maintenance requirements for sophisticated
remote control equipment will increase the electrician force to 21.
18. Monitoring Systems. ‘ | -

7S§e electricians and maintenance (Item 17) and StageAIII>and v
section workers (items 1, 2, 3, and 4). N .
19. Spillage and Roadway Cleanup (other than bélts).

See utility men in section Supply Handling (Item 14) and mobile

bridge operators in Stages II, III,and IV (Item 2)., ___

20, Miscellaneous. o _

General Mine Construction

General - The following major jobs must be accomplishied terstablisb
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a new production section. (Some items do not apply to the Present or
Stages I and II.)

1. Drill, shoot, and load out six overcasts.

2. Develop for a distance of four crosscuts from the submain

and install stoppings.

3. Install conveyor belt head, drive, tailpiece and belt..

4. Install supply track and trolley wire.

5. .Install water supply pipe.

6. Install load center and cables.

7. Move in equipment and monitoring systems.

8. Construct supervisory control station.

Present Stage - At a production rate of 100 tons per shift, 1.5

~months are required to drive four crosscuts working three shifts per .

day. Another .5 month is necessary to install conveyor, track, and
establish ventilation for a total of two months time to set up a new
section. Using the present production rate, a 3000 foot panel can

be mined out in 1.6 years:

3000 feet x 72 tomns/foot
310 tons/shift x 2 shifts/day x 220 days/year

-Since there are nine sections, a new panel has to be set up every 2.1

months. Therefore, one development crew of about seven men working
three shifts per day can keep ahead of basic requirements. Obviously,
they will have to use mining equipment that is more flexible than the
AES for initial panel development, so this equipment must be moved from
one development area to the next. This requires a set of mining
equipment just for development and construction work.  The total manning

is 21 utility men.
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Stage I - Increased production requires a panel to be set up
every 1.7 months; therefore, seven man development crews are required
in two areas for two shifts per day which will result in a setup time
of 1.5 months and a manning of 28 utility men.

Stage 11 - The setup requirement is one section every 1.2 months.
Therefore, two areas, one at three shifts per day and one at two .. - - S
shifts per déy and 35 utility men are necessary. v - R . T

Stage III - At this production level, a new section is required
every 0.8 months, so three development areas with Ewo at three shifts
per day and one at one shift per day and 49 utility men are required.. . - - 1?

Stage IV - At the final tonnage ievel, a section is required
every 0.7 months, which can be accomplished at the same manning as in
Stage III.

Track Installation and Maintenance

Present Stage - Using the mining projection in Figure 2-1, an
advance of one foot per 27 raw tons and a retreat oﬁ 45 raw tons per
foot are calculated. Therefore, daily track moves of 155 feet must .
be made. It will be assumed that supply track will be placed in each
section and advanced or retreated every two crosscuts. A four-man
track crew is considered capable of installing or removing two
crosscuts, or 180 feet of track per shift, excluding maintenance on
old track; four men per day are required. TFour additional men are
required for maintenance and switch installation. Therefore, a
total manning of eight track men is indicated.

Stage I - Due to tonnage increase, the number of trackmen -

required is %%% x 8 = 10.
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Stage II - Additional tonnage increase brings the total to

%g% x 10 = 15,

Stage III - Another rise in tonnage results in a requirement of
800 _ 15 = 99 el
360 X 15 = 22 trackmen.

Stage IV - At the final tonnage, %%%-x 22 = 26 trackmen are
required.

Trolley Wire Installation and Maintenance

Present Stage - Two wiremen are required for the daily track move -
previously discussed. In addition; two more wiremen will be needed
for trolley wire maintenance. Therefore, a total of four wiremen
will be required.

o Stage I - Due to tonnage increases, the total number of wiremen

required is 380 x 4 =5,

310
- : Stage II - Additional tonnage brings the total to %§%=x 5= 8:

Stage III - Another rise in tonnage results in a requirement of

%%%-x 8 = 12 wiremen. e

Stage IV - At the final tonnage, %%%-x 12 = 14 wiremen are required.

Equipment Moving (between panels) Lo

Present Stage - Moving equipment from one mined-out panel to
--  another. and to and from the surface for overhaul or replacement requires:
four men.
Stage I - Due to increased production and more frequent moves, the
number of equipment movers is increased to five.
Stage II - Additional components in a section such as the piped .
rock~dust system and supply handling vehicle in addition to more complex

and frequent moves will expand the moving crew to eight men.
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Stage III - Relocating and monitoring systems will be a major
effort in addition to the more often and complex moves which will

change manning requirements to 12 people.

Stage IV - There will be much more complexity involved in moving

a supervisory control station in addition to increased move frequency;-

therefore 14 people are projected.

~21. Management.

Table 5-2 lists requirements for management personnel. Mine

_supervisors, particularly front-line people such as foremen, are increased

in number due to increased production. Technical people, such as

engineers and computer personnel, are added as automation progresses

to the higher levels of technical support required. The maintenance

department in particular requires mechanical, electrical, and design

_engineers as automation progresses to provide information on rebuilding,

improving, and evaluating automated, remote controlled equipment and
monitoring systems. The purchasing and warehousing functions will

receive considerable support from the computer staff.

 'Discussion

Several generalities may be reported as a result of the preceeding

analysis. These statements provide some of the basis for the

‘discussion of psychological and organizational impact of automation in

Chapter 10. Tables 5-3, -4, =5, and =6 summarize the following .. -~ . -
discussion.

The portion of section or face workers to the total mine employment
decreases significantly from 56.6 percent to 27 percent. (See Table 5-3)...

It is also significant that most of the employees from the working
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Table 5-4. Manshift Summary for Selected Personnel Groups

Personnel Group Present Stage I Stage II1 Stage III Stage IV
Maintenance
Labor 61 68 86 146 176
Supervisors 13 18 26 32 34
Total Maintenance 74 86 112 178 210
Management
Maintenance 13 18 26 32 34
Engineering 5 8 16 25 27
Operating 29 32 37 38 39
Other 12 16 22 22 26
Total Supervisors 59 74 101 117 126
Section Crew 162 144 162 - 144 108
General Inside Crew 124 150 195 263 291
General Outside Crew 30 32 38 43 48
All Personnel . 400 . 430 531 607 - 618

Table 5-5. Raw Tons per Manshift Summary for Selected Personnel Groups

Personnel Group Present Stage I Stage II Stage III Stage IV
.Maintenance
Labor ‘ 91 101 117 929 94
Supervisors 429 380 388 450 487
Total Maintenance 75 80 90 81 79
Management
Maintenance 429 380 388 450 487
Engineering 1116 855 630 576 613
Operating 192 214 272 379 424
Other ‘ 465 428 458 654 636
Total Supervisors 95 92 100 123 131
Section Crew 34 48 62 100 153
General Inside Crew 45 46 52 55 57
General Outside Crew 186 214 265 334 345

All Personnel 14 16 19 24 27
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Table 5-6. Percent of Total Work Force Summary for Important Personnel

Groups

Personnel Group

Mélntehance
Labor
Supervisors.
Total Maintenance
Managemenf

Maintenance
Engineering
Operating

Other

Total Supervisors

Section Crew
General Inside Crew
General Outside Crew
All Personnel

Present Stage I Stage II Stage III Stage IV

15 16 16 24 28
3 4 5 5 6
18 20 21 29 34
3 4 5 5 6

1 2 3 4 4

7 7 7 6 6

4 4 4 4 4
15 17 19 19 .20
41 33 31 24 17
31 35 37 43 47
8 7 7 7 8
100 100 100 100 100
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section will be transferred to general mine work as the percentage of
those employees increases from 43.4 to 72.9 percent of the total force.
However, general mine workers will rotate into the sections to do
specialized work during maintenance and service periods.

Table 5-4 indicates that the number of manshifts of maintenance
personnel increases almost threefold from 74 to 210 per day. This
increase hold; for union employees and supervisors. An additional large
increase-is obvious in engineering - fivefold = from five to 27 man-
shifts per day. The overall increase for all employees is only 1.5
times.

The large increases in these groups is not solely due to
production, but more a result of the intr&duction of automation and
remote control technology as isAevidenced by the raw tons per manshift
summary for selected personnel groups in Table 5-5. Normally as
production increases in current underground coal mines, tons pef shift
for maintenance employees rises. However, the tons per shift changes
only from 75 to 79. It is almost constant. This is the result of
the introduction of automation technology. Engineering personnel
productivity is even more pronounced since a decrease in tons per man—
shift from 1116 to 613 is recorded. As expected, the productivity of
the section crew incfeases gre;tly (frdm 34 to 153 tons per manshift).

Table 5-6 summarizes the percent of total work force for selected
personnel groups. The rise in maintenance and engineering personnel
percentages is evident as well as the section crew decrease and

general mine increase.




110

Chapter 6
HEALTH AND SAFETY

Introduction

This report section investigates the extent to which automation
and remote control will change the health and safety of mine workers.
Automation introduces technological advances to the underground coal
mine operation that should greatly increase safety; however, as in all
innovations, care must be taken to eliminate the introduction of new
hazards: In addition, the change in personnel requirements from one
stége to another (reported in the previous section) will also affect
the overall mine safety record. That is, automation technology changes
both accident causes and personnel disposition which produce a coﬁbined
effect on health and safety. A variety of work factors will change
including:

1. the amount of time workers are exposed to accidents,

that is, when they are outside of canopy protection
or in the face area;

2. the number of workers in a given occupation;

3. worker location, whether it is a more or less

hazardous area;

4. dintroduction of new machines;

5. combinations of several functions into one machine;

6. introduction of monitoring systems; and

7. job functions or work performed by individual employees.
Obviously, variations in these work factors or job parameters affect
the health and safety of miners. How much and in what manner is inves-

tigated in this report section. For example, the exposure time to
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possible hazards (in minutes per shift and percent change from the
present) is estimated for each occupation in the various stages of
automation.

The well-accepted USBM injury statistics tabulation that relates
occupation at time of injury with general work location and principal
injury cause is used as the basic format for this analysis. The various
mine worker occupations are investigated for hazards that could cause
injury from the several categories listed in the table. The categories
aré roof falls, face or rib falls, bumps or bursts, other falling
objects, slips or fails of persons, handling materials, hand tools,
stepping or kneeling on sharp or loose objects, striking or bumping
againt objects, haulage, explosions, explosives, electricity, machinery,
suffocation, mine fires, pneumoconiosis, and all other causes. An
example of this tabulation format is shown in Table 6-1, which reports

the number of 1970 injuries.

Analysis Technique

Automation and remote control technology will change the working
environment and job functions of miners. Consequently, the possibility
of injury from the aforementioned accident causes will change. Deciding
what automation and remote control inmovations affect injury causes for
different occupations and how much the accident frequencies (number of
lost time, disabling, and fatal injuries per million man hours worked)
will change is a complicated investigation because of the many inter-
acting variableé. In order to logically present the possible effects

of automation technology on present accident causes, fault tree diagrams
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of the numerous events leading to each major accident type were con-
structed. They comprise Appendix D. The fault tree analysis technique
can also be used to recommend technology innovations that will improve
safety in the various automation stages. Thé diagrams are discussed

in more detail later in this sectionm.

A quantitative estimate of percent change in accident frequencies
from :hg.Present Stage to Stages I, II, III, and IV is made to approxi-
mate the amount of impact automation will have on health and safety.
The percentages are developed for each occupation and injury cause
using the format of Table-~l. An example using the latest figures avail-
able from the USBM in this format (1970) is utilized to project tﬁe
impact of automation innovations on mine worker accident frequency.

The result, sumﬁarized in Table 6-18, is that health and safety will

improve significantly.

Fault Tree Analysis

The fault tree diagrams in Appendix D have a dual purpose. First,
'they are used to show the interactions of various events that could lead
to an injury causing accident. In this regard, the dlagrams are a use-
ful tool for estimating accident frequency change caused by a proposed
automation technique that varies the possibility of occurrence of one
of the events. Second, fault trees reveal the'underlying causes of
injuries, so recommendations can be developed for automation innovations
to reduce the possibility of occurrence of a certain event.

The fault tree is an orderly path of events that could produce a

fault or undesired outcome such as an accident that injures a mine
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worker. 1Its construction begins with the undesired outcome at the
top. The combination of events that could produce that result are
then added to the tree. Next, each of these events is analjzed for
its underlying causes. When the desired detail has been obtained or
information is lackiﬁg, the lower limit of the diagram has been
reached.

Eveyts are combined along the path at junctions called "gates."
Depending on the relationship between the events, an 'or" gate ()
or an "and" gate () is used. For example, if both events A and B
must occur to produce the outcome an "and" gate is required. However,
if either the A or B event will produce the results, an "or" gate is
used.

If numerical values for the possibility of occurrehce of the
events are known, they can be combined.by the laws of Boolean algebra
to produce the possibility of the fault occurrence. The algebraic equa-
tions are formed by multiplying probabilities at "and" gates and adding
them at "or" gates. Unfortunately, the prébability of a human action,
such as testing the roof, occurring is impossible to quantify. The
numerical calculations for the probability of an accidental injury are
severely restricted since they are commonly a result of improper mine
worker actilons.

The fault tree diagrams will be used in the following discussion
to show how automation and remote control will affect accident causes.

Falls of Roof, Face, or Rib. The fault tree diagram inAgégggg pfl,‘

shows that a worker can be exposed to a roof fall in several ways. He

may not be aware of dangerous roof as a result of failing to test it,
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testing improperly, or receiving no warning signs during the test. A
roof condition monitoring system that measures such items as roof and
floor convergence, degree of bending in the roof beam, micfoseismic
emissions, and pillar stress would be an extremely important addition
to an integrated automatic or remote controlled mining system. The
monitoring system would provide warning to the worker without requiring
him to test the roof or listen for "roof talk." In addition to the
obvious safety advantage, the monitoring system would reduce production
delays caused By cleaning up roof falls and repairing equipment damaged
by falls,

A monit§ring system is extremely important in the Stage IV remote
controlled system. Men entering the section during the service period
would not be aware of changes in roof conditions that occurred during
the production period unless sensors were present to allow remote
monitoring of roof conditions. Therefore, when bad roof is detected,

a roof support team could enter the section to stabilize the roof before
the service crew began work.

Pillar and entry design would be improved as a result of the data
available from the monitoring system. Therefore, actual ground control
measurement data, which is usually not available at present, could be
used in evaluating experimental pillar sizes. Obviously, correcﬁ pillar
and entry dimensions will minimize roof falls, thus improving safety and
production.

Automation and remote control will decrease the time workers are
exposed to roof falls. Machinery operators will be in a relatively safe

cab or canopy during the Stage I, II, and IIT production periods. However,
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they will be out of the cabs during service periods. As a result,
reducing the length of service periods and maximizing production time
will improve safety as well as production. The entire section crew
will be located in the remote console station during Stage IV pro-
duction periods. Therefore, the station should be of adequate
structural strength and located in a safe area to eliminate roof-fall
injuries‘'when the miners are working in the station.

In addition to showing the relationship of worker exposure to
roof falls, Figure D~1 diagrams events necessary for a roof-fall
occurrence. Some of the occurrences are due to lack of or impropgr
temporary support installation. Men are exposed to unsupported roof
while installing temporary support. This has been the cause of a
number of injuries. Therefore, one of the biggest safety advantages
of the AES is the temporéry roof-support units., As the machine advances,
temporary roof supporﬁ is automatically set within eight feet of the
face. As a result, men are not exposed to unsupported roof while
setting supports and the roof is well supported by properly installed
beams. "In addition, there is very little time lapse between roof expo-
sure and temporary support. Minimizing the length of time that
unsupported top must stand is of paramount importance because roof
failure is time'dependent. Unsupported roof is also minimized by
tapering the roof profile at the '"'dead end" cuts when the AES is to
withdraw the charge places.

The AES machine also improves immediate support. Roof bolters omn
the present mining machine at the proposed AES trial site install only

two bolts across the entry on either side of the continuous miner.
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Center bolts are installed after the miner has moved to another entry.
The AES will install four bolts across the entry, 16 feet back

from the face as it advances. Consequently, the sﬁpport installed
immediately after mining in Stage I is a great improvement over the
Present Stage.

Slips or Falls of Persons. Figure D-2 shows that a situation for

a person’to slip or fall must exist and the person must be in a position
to slip or fall for the accident to take place. Automation will not
cause a person to be more cautious or improve housekeeping, but it

ﬁill reduce the exposure time to such accidents. 3esides reducing
exposure time, the amount of manual labor in supply handling (where many
slips and falls occur) will be reduced when the supply handling vehicle
is introduced in Stage II.

Handlihg Material. The greatest reduction of materials handling

injuries, diagrammed in'Figure D-3, by automation will result from the
introduction of a supply handling vehiéle and reduction in exposure
time. The amount of supplies required will increase due to improved
production and the greater mechanical and electrical complexity of
automated equipment.

Hand Tools. Reduction in the hand~tool injuries diagrammed in
Figure D-4 will result from a decrease in exposure time by workers
using hand tool;. Increased mechanization in the areas of supply
handling and conveyor—-belt installation will reduce the number of
situations where possibility of hand~tool injury exists.

Haulage. Conveyor belts are used from the sections to the portal

for transporting coal in the present and all four stages of automation.
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Therefore, little change in haulage accidents will occur out by the
section. On the other hand, face-haulage equipment changes from
shuttle cars to a mobile-bridge conveyor, which will significantly
reduce haulage accidents. As the shuttle cars are replaced in Stage II,
the number of accidents from collisions will decrease dramatically;

- however, the increased injury possibility of being caught in the con-
veyor will be introduced. Consequently, the mobile conveyor should be
well gua;ded, especially in the operator cab areas.

| Men, supplies, and equipment will be transported by rail haulage
from the portal to the panels. Improved scheduling of supply delivery,
better dispatch contr;l of rail traffic, and improved track conditions,

should reduce accidents in Stages III and IV.

Electricity and Machinery. Automation will increase the number

of electrically powered machines that mine workers will contact. There- .

fore, the possibility of an accident occurrence will be greater., However,

Stage IV remote control operation should greatly reduce the amount of

contact with operating machinery except for mechanics and electriciams.

The increased number of repairs will require a larger maintenance staff,
—--s0 the possibility of injury to a single employee will not change

considerably.

Accident Frequency Change

Exact accident frequencies are impossible to predict due to the
-human factors of memory lapse or being careless or unaware of danger.
" Consequently, changes are predicted by using quantifiable parameters

such as exposure time while assuming that these unpredictable worker

actions will have the same effect on all automation stages.
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The predicted accident frequencies result from variation in job
activities where an accident might occur. The previously discussed
fault-tree diagrams show how job activities are related to the pro-
bability of an accident occurrence. Changes in the detailed events
that cause accidents are determined comparing the Present Stage job
activities with Stage I, II, III, and IV. An approximation of per-
centage variations in accident frequencies is the result.

Accident frequency percentages developed here may be applied to
botﬁ fatal and nonfatal accidents. The number of injuries per million
man hours (accident frequency) can be calculated for any stage by |
multiplying the percentages shown in Tables 6-9, -10, =11, and —12.by
the current accident frequency for a particular occupation. Aﬁ example
calculation with the 1970 data given in Table 6-~13 is used to arrive at
the frequencies listed in Tables 6—14; ~15, =16, and -17. (Current
statistics are not available to project personnel.)

Job titles will change as noted in the previous report section,
"Persoﬁnel Requirements." In order to facilitate tabulation in this
section, tables are constructed using a category of work responsibility
such as "Extraction Personnel." The reader should infer that the job
titles change through stages when examining the tables, For example,
in Table 6-2, "Extréction Personnel"” are actually "Technical Servicemen"
in Stages III and IV, Additionally, Stage IV technical servicemen
duties are more similar to a mechanic than a machine operator, conse-
quently, this job function will be considered in the mechanic class when

computing variations in injury probability.
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Table 6—2;1‘Eprsure Time in Minutes‘pér Shift. (Based on a total shift of 480 minutes)
. l | | 3

t Lo o1

Supply

Extraction Machine Haulage Ventilation Mechanic, Electrician,
Personnel* Personnel* Personnel Personnel & Monitoring Personnel
’ Cutting Bolting :
Present 210 210 225 385 i85 385
Stage 1 195 195 220 385 385 385
Stage 1I 195 195 225 385 200 385
Stage IIT 165 165 210 390 110 390
Stage IV 135 135 135 135 70 135

% In Stage IV the technical servicemen's duties are more similar to a mechanic than a machine operator;
therefore, these jobs will be considered in the maintenance category when computing accident frequency

variations.

Table 6-3. Percent of Present Stage Exposure Time.

Stage Stage Stage Stage

I IT 111 IV

Extraction Personnel 93 93 79 35
Haulage Personnel 86 88 82 35
Roof Support Personnel 93 93 79 35
Ventilation Personnel 106 | 160 101 35
Supply/Utility Personnel 100 52 29 18
Mechanic, Electrician, and
Monitoring Personnel 100 100 101 35

0Z1



121

Exposure Time. It is assumed that all equipment cabs and canopies

are strong enough to protect the operator from roof, rib, or face falls.
Therefore, the operator is exposed to roof £falls only when he is out

of the cab. For eﬁample, thg continuous miner operator is not exposed

to roof falls during the times listed in Table 4-1 for mantrip, lunch,
fireboss inspection, cutting and loading, place changing, shuttle car
changeout, and bolt delay. Similar anmalysis applied to all face
employee; results in the exposure times summarized in Table 6~2. The
peréent»of present exposure time is presented in Table 6-3. The calcu-
lated exposufe times apply to many accident causes since the cab protects
the operator from accidents other than roof £falls. Consequently,iﬁcreased
operating time improves safety since the operator is.protected during
production periods.

The reduction in "face or rib falls" accident probability is due

only to reduction in exposure time (see Table 6-3)., Other accident

" Yother

causes that depend only on exposure time are "bumps or bursts,
falling objects,”" "slips or falls of persoms,' "stepping and kneeling on
sharp or loose objects,”" and "striking or bumping against objects,"

The supply vehicle will have a cab or canopy to protect the supply
man during Stages IL, III, and IV. It is estimated that the supply man
will spend 50 percent of the Stage II shift in the supply vehicle. The
percentage increases directly with the amount of production improvement

in Stages III and IV.

Other Factors. Other factors that will affect safety, but are more

difficult to quantify are:
1. The roof is supported immediately after mining by the AES

roof support beams in Stages I, II, III, and IV rather
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than the two bolts that are presently installed on each
side of the comparison miner. The presently installed
bolts are 16 feet back from the face while the AES beams
are within eight feet of the face,

2. The miner operator has fewer tasks to perform as more
automation is introduced. Therefore, he should be less
involved in his job tasks and more aware of what is hap-
pening around him.

3. Improved face lighting will facilitate hazard recdgnition°

4, Improved supply handling systems will reduce the amount of
manual supply handling, and theréfore, decrease injuries.

5. Reducing the number of place changes with long straight
advances decreases time spent placing temporary roof supports
which lowers worker exposure to unsupported roof.

6. Ventilating the face through the hollow AES roof beams
eliminates the hazardous job of advancing brattice or tubing
under unbolted roof.

7. Monitoring systems provide more reliable and more frequent
advanced warning of potential hazards.

" 8+ Training must improve for automation and remote control to be
effective. Improved training should reduce accidents.

.- 9, Operator fatigue should decrease as increased mechanization, .

automation, and remote control reduce physical labor require—~

ments. -

Roof Fall Injuries. Two improvements reduce the roof fall hazard.

First, the roof ahead of the bolters on the present continuous miner stands
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for about 30 minutes or longer before it is bolted. However, the

AES roof support beams provide support within two minutes after mining.
Second, four bolts are installed as the AES advances rather than the
two presently emplaced, thereby reducing the spacing between bolts

by 50 percent.

According to the fault—-tree diagram in Appendix D, the basic cri-
tefia necessary for injury from roof falls are:

1. fall of supported roof, or

2. fall of unsupported roof, and

3. a man is exposed to the fall.

The two roof-fall hazard-reduction factors previously discussed decrease
the probability of injury by minimizing criteria 1 and 2.

Since roof-strata strain is time dependent, the roof may sag slowly
after mining. It can bé pulled-up when roof bolts are tightened or
torqued. The sag and/or subsequent straightening of the roof beam may
fracture the strataj; therefﬁre, the optimum situation is to support the
roof before it sags. Other factors that contribute to unstable supported
roof are insufficient support, entries or intersections cut too wide, and
superimposed stress from adjacent mined-out areas. It is estimated that
the present case probability of a criteria 1 (supported roof fall) occur-
rence is reduced 33 percent from the use of immediate roof support.

The AES roof support canopy and bolting pattern decreases the
unsupported roof area to four, 16 feet by 16 feet, dead-end areas at
the end of each mining pass. The unsupported areas will be bolted by
the "touch-up" bolter after the AES moves to another entry. As a

result, unsupported roof may exist for about one hour per shift while
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the present mining system always has a 16 foot by 16 foot unsupported
area at the face. If the men are on the section for six hours, the
Stage I roof is unsupported for 1/6 of the present time. Consequently,
the probability of the present case criteria 2 (unsupported roof fall)
occurring is reduced by 83 percent (5/6).

The estimated variation in probability of roof-fall injﬁries can
now be calculated for each section worker. The "either-or" relation-
ship between criteria 1 and 2 implies addition of probabilities. More
roof-fall injuries result from unsupported roof, so a weighing factor
of .6 will be assigned to it, and a .4 factor to probability of a
supported roof fall. Therefore, criteria 1 and 2 probabilities ar;
reduced by 63 percent (.4 x 33 percent + .6 x 83 percent).

Tﬁe "and" relationship between criteria 3 and the first two cri-
teria implies multiplication. The percent of present exposure rate for
each- face employee from Table 6-3 is multiplied by 37 percent (100 - 63)
to obtain the estimated reduction in probability of injury from roof
falls for Stages I and II. The results are reported in Table 6-4.

The roofrconditions monitoring system will decrease accident pro-

~--bability in Stages III and IV. The sensors will point out areas of

stress buildup and unstable roof, and a well~defined warning will
-result. The monitoring hazard indication will be much more reliable
and quantitative than the present methods of sounding the roof or
listening for '"roof talk." Also, the worker will not be exposed to a
bad roof during testing. If the monitoring system indicates a need
for additional support, a roof bolting or timber crew could repair

the area before the fall occurs or the area could be barricaded.
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Table 6-4, Percent of Present Stage Roof Fall Injury Frequency.

Stage Stage Stage Stage

I 1T ITT 1V
Extraction Personnel 34 34 24 10
Haulage Personnel 32 33 23 10
Roof Support Persomnel 34 34 24 10
Ventilation Personnel 37 37 29 10
Supply/Utility Personnel 37 19 15 5
Mechanic, Electrician,

and Monitoring Personnel 37 ' 37 29 10

Table 6-5. Percent of Present Stage Material Handling Injury Frequency.

Stage Stage Stage Stage

1 II 111 IV .
Extraction Personnel ; 93 70 40 16
Haulage Personnel 86 66 41 18
Roof Support Personnel 93 70 40 18
Ventilation Personnel 100 75 51 18
Supply/Utility Personnel 100 39 15 9

Mechanic, Electrician,
and Monitoring Personnel 100 75 51 18
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Consideration of these factors resulted in an estimation of 25 percent
reduction in accident probability for the Stage III and IV monitoring

systen,

Handling Materials Injuries. Injuries from handling materials are
affected by increased supply ésage due to increased production, exposure
_ time of workeérs, and introducﬁion of the supply handling vehicle in
Stage II: The supply handling vehicle will reduce physical contact
between the operator and materials being handled. The operator will
remain in a cab and move materials with a semiremote controlled boom
on the machine. Therefore, the possibilities for injury from material

handling such as improper lifting, being caught between or pinched, being

- struck by or striking against materials being moved, will be minimized.

A 25-percent reduction in accident frequency is estimated in Stage II,
and a 50-percent reduction will occur in Stage III due to anticipated
improvements in the ﬁachine. |
The section supplies are mostly for roof bolting, ventilation, and

maintenance. As production increases, the amount of supplies used per
- ton remains nearly the same, and since the number of supply personnel
was increased to reflect production changes, the amount of supplies
handled per man remains essentially constant through the four stages,
Therefore, any increase in the freﬁuency of materials-handling injuries
will result from an increased amount of employees handling supplies,

_The percent change calculation in probability of materials-handling
injury is é multiplication of changes in exposure time and supply vehicle

use, For example, percent change in probability for the Stage II
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continuous miner operator is (.93 x .75 x 100) = 70, Table 6~5 relates
the percent change in material handling injury frequency.

Hand Tool Injuries. Exposure time will affect the probability

of hand-tool injury frequency for all employees, In addition, the
increased amount of maintenance work due to increased number of machines
- will affect mechanics hand-tool accident probability. The number of
machines to be repaired increased by 1.00, 1.09, 1.45, and 1,45 for
Stages I through IV. The percent change in injury probability for
mechanics is computed by a mﬁltiplication of changes in exposure time
and machinery. Table 6-~6 contains the results of the computationg.
Haulage. Operating with mobile bridge carriers rather than shuttle

~cars in Stages II, III, and IV will significantly reduce haulage acci-

dents. ' The percent changes stiown in Table 6-7 should be applied to
mobile-bridge operator and not shuttle~car operator accident frequen~
| cies in Stages IL - IV. Other than elimination of shuttle cars, the

change in haulage accident frequency rate is anticipated to be a direct

result of change in exposure time for section personnel. Remote control
of switches, improved track and trolley conditions, and better dispatch
control of rail traffic will reduce haulage injuries to general mine
personnel by 25 percent in Stage III and 50 percent in Stage IV.

Electricity and Machinery, Two factors will affect the number of

injuries from electricity and macﬁinery ~ exposure time and the number
of machfnes on the section. Table 2~1 shows that the present and
proposed mobile section equipment (not including monitoring systems)
increases by factors of 1,00, 1.09, 1.27, and 1,27 for Stages I, II,

III, and IV, respectively, However, maintenance personnel must work
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Table 6-6. Percent of Present Stage Hand Tool Injury Frequency.

Stage Stage Stage Stage
_ 1 11 III _ IV
Extraction Personnel 93 93 79 35
Haulage Personnel 86 88 82 35
Roof Support Personnel 93 93 79 35
Ventilation Personnel 100 100 101 35
Supply/Utility Personnel 100 52 29 18
Mechanic, Electrician, and :
Monitoring Personnel 100 109 146 51

Table 6-7, Percent of Present Stage Haulage Injury Frequency.

Stage Stage . Stage ' Stagé>
I II III v

Extraction Personnel 93 93 -79 . 35
Haulage Personnel 86 88% 82% - 35
Roof Support Personnel 93 93 79 35
Ventilation Personnel 100 100 101 35
Supply/Utility Personmel 100 50 28 .18
Mechanics, Electrician, and i

Monitoring Personnel 100 100 101 35

* Percentages should be applied to mobile belt operator accident
frequency, not to shuttle car operator frequency.
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on all systems, mobile or not, so a 1.45 factor is used in Stages III
and IV for these occupations. Multiplying change in amount of equip-
ment with the exposure factors from Table 6-2 results in the percentages
of electricity and machinery injury probability listed in Table 6-8.

 Explosions, Explosives, Suffocation, Mine Fires, Pneumoconiosis,

and All Other Injuries. The frequency rate for explosions, explosives,

suffocaqion, mine fires, pneumoconiosis, and all other injuries is not
prqjected to change substantially from the present except that the
Stage III and IV monitoring sysﬁems will reduce explosions and mine
fires by an estimated 25 percent. However, the AES machine may rgduce
respirable and float dust.

General Inside. Previous calculations were for section personnel.

The following assumptions allow extension to general mine personnel.
1. The roof-fall injﬁry frequencies of general inside employees
working in the sections will be 67 percent of the Present

Stage except the Stage III monitoring system will decrease
the percent from 67 to 34.

2, Handling materials calculations for the supply/utility man
will apply to the supply motorman.>

3. Except where otherwise noted, the injury frequency for
beltman, trackman, wireman, equipment mover, or rock duster
will not change.

4. The mechanic and electrician injury probabilities will be
the same as the section mechanic.

5. Masoﬁ and conveyor mover injuries will remain the same until

Stage II where new machinery will decrease their exposure to




Table 6~8. Percent of Present Stage Electricity and Machinery Injury

Frequency.
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Stage Stage Stage Stage
I II III IV
Extraction Personnel 93 101 100 44
Haulage Personnel 86 926 104 - 44
Roof Support Personnel 93 101 100 44
Ventilation Personnel 100 109 128 44
Supply/ﬁfility Personnel 100 57 37 23
Mechanic, Electrician, and
Monitoring Personnel 100 109 146 49
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accidents from handling materials and hand tools by 75
percent. Improvements in the Stage ITI machinery will
reduce accident potential by 50 percent., All other injury
frequencies for the two occupations will remain the same

as the Present Stage.

Hypothetical Application to the Automated Case Study Mine

Geﬂeral. The previously developed percent change in accident
fréquencies can be utilized to estimate safety improvement in Stages
-I through IV of an automated mine. In order to simplify the calculations
and present the percentages in an organized tabulation, Tables 6-9, =10,
-11, and =12 are included; They contain the percent change for each
stage according to the well-accepted USBM format (Table 6-1) discussed

at the beginning of this report section. These percentages are

applied to the accident frequencies of the present mine to approximate

new frequencies for each stage of automation.

Since the latest USBM statistics available in the detail required
for this analysis are six years old (1970), they are used only as an
example of what the present mine values would be. Héwever, the percent
change in accident frequencies from the present to each of the auto-
mation stages will be used to approximate the overall effect of the
introduction of automation technology on health and safety, If more
up-~-to-~date figures are available at a partiéular mine, the influence of
automation could be estimated by applying the percentages from
Tables 6-9, ~10, =11, and =12 along with the change in personnel

requirements.
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Table 6-9. Stage I Percent of Present Injury Frequency.
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Section Crew . )
Extraction Machine Operator (Cutting) 34 93 93 93 93 93 93 93 93 93 100 100 93 93 100 100 100
Shuttle Car Operator 32 86 86 86 86 86 86 86 86 86 100 100 86 86 100 100 100
Extraction Machine Operator (Bolting) 34 93 93 93 93 @93 93 93 93 93 100 100 93 93 100 100 100
Ventilatlon Man 37 100 100 100 100 wlOO 100 100 100 100 100 100 100 100 100 100 100
Supply/Utility Man 37 100 100 100 100 1100 100 100 100 100 100 100 100 100 100 100 100
Mechanic 37 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
General Inside
Supply Motorxman 67 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Beltman 67 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Trackman 67 100 100 100 100 100 100 100 100 100 100 1i00 100 100 100 100 13100
Wireman 67 100 100 100 100 300 100 100 100 100 100 100 100 3100 100 100 100
Mason 67 100 100 100 100 106 100 100 1060 100 100 100 100 100 100 100 100
Pumper-Pipeman 67 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Mechanlcs 67 100 100 100 100 103 100 100 100 100 100 100 }00 100 100 100 100
Rock Duster 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Equipment Mover 100 3100 10C 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Conveyor Mover 67 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Fireboss and Supervigors i ‘ 67 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
0iler-Greaser 67 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Electrician 67 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Ucilicy Man 100 100 100 100 100 100 100 100 100 100 100 3100 100 100 100 100 100
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Table 6-10. Stage II Percent of Present Injury Frequency,
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Sectlon Crew
" BExtraction Machine Operator (Cutting) 34 93 93 93 93 70 93 93 93 93 100 100 101 101 100 100 100 100
Mobile Belt Operators 33 83 88 488 88 66 88 88 88 88 100 100 96 96 100 100 100 100
Extraction Machine Operator (Bolting) 3% 93 93 93 93 70 93 93 93 93 100 100 101 101 100 100 100 100
Ventilacion Man 37 100 100 100 100 75 100 100 100 100 100 100 109 109 100 100 100 100
Supply/Utility Man 19 52 52 52 52 39 52 52 52 52 100 1100 57 57 100 100 3100 100
Mechanic 37 100 100 100 100 75 109 100 100 100 100 100 109 109 100 100 100 100
General Inside '
Supply Motorman 67 100 100 100 100 75- 100 100 100 100 100 100 100 100 100 100 100 100
Beltman 67 100 100 100 100 100 100 100 100 100 100 100 100 100 100 igg 100 100
Trackman 67 100 100 1100 100 100 100 100 100 106 100 100 100 100 100 100 100
Wireman 67 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Mason 67 100 100 100 100 75 75 100 100 100 100 100 100 100 100 100 100 100
Pumper-Pipeman 67 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 300 100
Mechanics 67 100 100 100 100 75 109 100 100 100 100 100 109 109 100 100 100 100
Rock Duster 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Equipment Mover 100 100 1100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Conveyor Mover 67 100 100 100 100 75 75 100 100 100 100 100 100 100 100 100 100 100
Fireboss and Supervisors ) ) 67 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Oiler-Greaser . 67 100 100 100 100 ° 100 100 100 100 100 100 100 100 100 100 100 100 100
Electrician 67 100 100 100 100 75 109 100 100 100 100 100 109 109 100 100 100 100,
Utility Man ¥ }100 100 100 100 100 100 1lo00 100 100 100 100 100 100 100 100 100 100 100
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Table 6-11. Stage III Percent of Present Injury Frequency.
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Section Crew '
Technical Serviceman - Extraction 2 79 719 719 719 40 79 79 79 79 75 100 100 100 100 75 100 100
Technical Serviceman - Haulage 23 82 82 82 82 41 B2 82 82 82 75 100 104 104 100 75 100 100
Technical Serviceman - Roof Control 26 79 19 19 1 40 79 79 79 79 75 100 100 100 100 75 100 100
Ventilation Techniclan 29 101 101 101 101 51 101 101 101 101 75 100 128 128 100 75 100 100
Supply Technician 15 29 29 29 29 15 29 29 29 29 75 100 37 37 100 75 100 100
Mechanic 29 101 101 1101 101 51 146 101 101 101 75 100 146 146 100 75 100 100
Electriclan 29 101 101 101 101 51 146 101 101 101 75 100 146 146 100 75 100 100
Moanitoring Systems Technician 29 101 101 101 101 51 146, 101 101 101 75 100 146 146 100 75 100 100
General Inside
Supply Motorman 34 100 100 100 100 51 100 100 100 100 75 100 100 100 100 75 100 100
Beltman 34 100 100 100 100 100 100 100 100 100 75 100 100 100 100 75 100 100
Trackman 34 100 100 300 100 100 100 100 100 100 75 100 100 100 100 75 100 100
Wireman 34 100 100 100 100 100 100 100 100 100 75 100 100 100 100 75 100 100
Mason 34 100 100 3100 100 50 S0 100 100 100 75 100 100 100 100 75 100 100
Pumper - Plpeman 34 100 100 100 100 100 100 100 100 100 75 100 100 100 100 75 100 100
Mechanics 34 100 100 100 100 51 146 100 100 100 75 100 146 146 100 75 100 100
Rock Duster 10¢ 100 100 100 100 00 100 100 100 100 75 100 100 100 100 75 100 100
Equipment Mover = ’ " 34 100 100 100 100 100 100 100 100 100 75 100 100 100 100 75 100 100
Conveyor Mover 34 100 100 100 100 50 50 100 100 100 75 100 100 100 100 75 100 100
Fireboss 35 100 100 100 100 100 100 100 100 100 75 100 100 100 100 75 100 100
Oiler-Greaser i 34 100 100 100 100 100 100 100 100 100 75 100 100 100 100 75 100 100
Electrician ' Q 34 100 100 100 100 51 146 100 100 100 75 100 146 146 100 75 100 100
Utilicty Man ﬁ 100 100 100 190 100 100 100 100 100 100 75 100 100 100 100 75 100 100
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Table 6-12. Stage IV Percent of Present Injury Frequency.
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Section Crew .
Technical Serviceman - Extraction 10 35 35 35 35 18 135 35 35 35 75 100 44 44 100 75 100 100
Technical Serviceman - Haulage 10 35 35 35 35 18 35 35 35 35 75 100 44 44 100 75 100 100
Technical Serviceman - Roof Support 10 35 35 35 35 18 35 35 35 35 75 100 44 44 100 75 100 100
Veatilation Techuician 10 35 35 35 35 18 35 35 35 35 75 100 44 44 100 75 100 100
Supplies Technilcian 5 18 18 18 18 9 18 18 18 18 75 100 23 23 100 75 100 100
Monitoring Systems Technician 10 35 35 35 35 18 51 35 35 35 75 100 49 49 100 75 100 100
General Inside

Supply Motorman 34 100 100 #00 100 9 100 100 100 S50 75 100 100 100 100 75 100 100
Beltman 100 100 100 100 100 100 100 100 100 50 75 100 100 100 100 75 100 100
Trackman 100 100 100 100 100 100 100 100 100 50 75 100 100 100 100 75 100 100
Wireman 100 100 100 100 100 1000 100 100 100 50 75 100 100 100 100 75 100 100
Mason 100 100 100 100 100 50 50 100 100 50 75 100 100 100 100 75 100 100
Pumper-Pipeman 100 100 100 100 100 100 100 100 100 50 75 100 100 100 100 75 100 100
Mechanics 100 100 100 100 100 18 51 100 100 50 75 100 49 49 100 75 100 100
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Fireboss 100 100 100 100 100 100 100 100 100 56 75 100 100 100 100 75 100 100
Oiler-Greaser 100 100 100 100 100 100 100 100 100 50 75 100 100 100 100 75 100 100
Electriclan 34 100 100 100 100 18 51 100 100 50 75 100 49 49 100 75 100 100/
Ucility Man : 100 100 100 100 100 100 100 100 100 50 75 100 100 100 160 75 100 100
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Method. The number of injuries in 1970 (Table 6-1) for each
occupation and injury cause was divided by the total number of man-
hours worked and multiplied by one million to arrive at the accident
. frequencies for the Present Stage listed in Table 6-14. Two factors
. .were applied to the Table 6-13 frequéncies to calculate the values
in Table 6-14, -15, =16, and ~17 for Stages I, II, III, and IV,
respeqt%vely. First the individual frequencies were multiplied by the
percent change from the Present Stage in the number of workers in the
. .particular occupation.v The change in number of workers by occupation
for each stage is given in Table 5-3.

For example, the frequency of injuries for the extraction machine
operator from roof falls in Stage I is calculated as follows. The
present injury frequency from Table 6-13 (1.071) is multiplied by
_.the percent change from Table 6-9 (34 percent) to obtain the accident
frequency (.363) ;roviding the portion of extraction machine operator
hours worked remains the same as the.presento It does not, so the
.percent change in the portion of total hours worked by extraction
machine operators (6.1 + 6.3 x 100 = 977%) is multiplied by the previous
result (.363) to obtain the Stage I frequency (.351).

- - Result. The frequencies per million man~hours and per million

tons are summarized in Table 6-18. The calculated percent of injury
frequency from the Present Stage shows a dramatic reduction in injuries,
. especially in injuries per million tons (8ince tons/man hour increases ..
during the four progressive stages of automation), Even though

out-of-date frequencies were used in the present case, the authors



Table 6-13. 1970 Injury Frequencies.
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At ox Near Face:
Continuous Miner Operators 1.071 .179 .025 .062 .197 .542 ,111 .068 .006 .234 .025 .006 ,062 .899 - - .043 .006 3.534
Loading Machine Operators .788 ,369 - .191 .080 .450 .,117 .043 .012  ,203 .012 .043 .080 ,917 .006 .006 .018 .006 3.341
Roof Bolters 2.463 .333 .018 .11} .29 .819 .222 .129 . 024 443 - 012 .099 2.759 - .012 .080 - 7.820
Timberman and Jacksetters .437 .099 006 .024 .123 .967 .135 .092 .018  .265 - - .018 .209 .006 ,006 .006 .006 2.417
Haulage Activities:
Belt and Boom Operators and Crews .160 024 - .074 .191 .813 .216 .055 .030  .437 .,006 .006 .055 .271 - .006 .062 - 2.406
Mo tormen .098 .018 ~ .012 .092 .400 ,012 .024 .006 1.336 - .012 .,185 .074 -~ .006 ,024 - 2.299
Shuttle Car Operators .567 ,197 .012 .,098 .197 1.090 .148 .014 .018 2.432 .006 036 .240 .277 -~ L0246 ,048 - 5.464
Trackmen, Bonders, and Wiremen .030 .,012 -~ - .067 .530 .105 .018 - .148 - - .030 .030 - - .006 - .976
General:
Electricians .061 .036 - .018 .105 474 160 .024 .006 .289 - - 154 ,055 - ,006 .086 - 1.474
Laborers and Move Crews .499 .191 -~ .080 .363 1.706 .308 .061 .055 1.071 -~ .036 .148 ,616 -~ .006 .098 .006 5.244
Mechanics, Oilers, and Greasers .160 D55 - .073 .209 1.090 ,333 080 .030 .573 - .006 .296 .296 -~ .018 .098 - 3.317
Pumpmen .006 .012 - .012 ,006 042 .006 012 - .030 - - .024 ,018 -~ - 012 - .180
Rock Dusters 024,012 - .012 ,036 .148 .018 006 - 160 -~ .018 .018 - - 006 - .458
Supply Men .042 ,012 .012 ,049 .517 .036 .024 .006 413 - .006 042 006 .018 - 1.18E
Ventilation Men .098 .030 - .012 061 .277 .061 .018 - 104 -~ - 012 ,049 - - .030 - 752
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Table 6-14. Revised 1970 Injury Frequencies From Stage I Automation.

____Occupation at Time of Injury

At or Near Face:

Continuous Miner Operators

Loading Machine Operators

Roof Bolters

Timbermen and Jack Setters
Haulage Activities:

Belt and Boom Operators and Crews

Motormen

Shuttle Car Operators

Trackmen, Bonders, and Wiremen
General:

Electricians

Laborers and Move Crews

Mechanics, Oilers, and Greasers

Pumpmen

Rock Dusters

Supply Men

Ventilation Men

Working Foremen and Firebosses
Total
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.353 .161 .023 .056 .177 .488 .100 .061 .005 .211 .024 .006 .056 .B810 - - .042
.811 .300 .016 .100 .267 .738 .200 .116 .022  .399 - .012 .089 2.486¢ - .012 .077
.157 .096 .006 .023 .119 .936 .131 .089 017 .257 - - 017 .202 .006 .006 .006
.104 023 - .072 .186 .792 .210 .054 .029  .426 .006 ,006 .054 .264 -~ .006 .060
.080 .022 - 2015 ".112  .392 .015 .029 .007 1.622 - 015 .225 ,090 - .007 .029
.176 .164 ,010 .082 .164 .907 .123 .062 .015 2.025 .006 .035 .200 .23} - .023 .046
024 .015 - - .081 .644 .128B .022 - .180 - - .036 .036 -~ - .007
.054 .048 024 140 .632 ,265 .032 .008 .,385 - - .205 .073 - ,008 .,115
547 .239 - .100 .454 2.136 .386 .076 069 1.341 - 049 .185 .771 - ,008 .123
.093 .059 -~ .079 .225 1,125 ,426 .086 .032  .616 - .006 .318 .318 -~ .019 .105
.002 .007 -~ .007 .003 ,024 .003 .007 - 017 - - .013 .010 - - .007
.038 .019 -~ .019 .057 .233 .028 .009 - 251 - - .028 .028 - - .009
.015 .012 - .012 .047 .501 ,035 .203 .006 .400 - - .006 .041 - .006 .017
.093 .042 - .017 .086 .391 .086 .025 - 147 - - 017 .069 - -~ . 042
178 .074 - 018 142 .425 049  .080 .042 ,400 - 036 .105 .23% - ,018 ,055
P.7251.281 .055 .624 2.620 10.364 2,185 .771 .252 8.677 .036 .161 1.554 5.661 .006 .113 .749

.006

.006

.008

[ I A |

| Pacumoconiosis

H
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2,579

5.643
2.074

2.292
2.660
4.269

1.173

1.989
6.488
3.507

.100

.719
1.121
1.015
1.856

.020 37.485
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Table 6~15. Revised 1970 Injury Frequencies From Stage II Automation.

& e
o a ca
« 1] ] o .
E] Y] b @ o
= . o o £ 9 o
< S ] [ a Ap &
> -1 = ‘| C] 28 o
|9 - « [=] - o Ea
= o & w b = o - & ]
- ™ @ &3 o~ o 3] & o 4
|3 — b 3 - P c o N ) @
o b= a 3 o 2 o 68 8% @ @ oy § a w 2 2
—~ — - — - e} © [ -4 - -4 [ e -4 N
o ~ N [ [ = Q & = &% -] > 13 e o 1% [ o =1
= [ - o [ o o o £ 0 £ - @ =1 -t - o © - = 1) =
- = o Eal & Rl - N to “ ® F5y = o e &~ (=] -
3] [] = «u - a e ~x = < Q o - -t o [=} E -
= Yoy [ a 13 (-8 - ] B b -4 ~ - =t o £ o < 3
. - Q o = ot £ |5 ] [ F] o e 4] o w [ - o -
Occupation at Time of Injucy M s 8 § 8 3 s K] sz b éc g ‘:t‘ & a3 8 2 z 2 £ 2
At or Near Face:
Continuous Miner Operators .289 .132 .018 .046 .145 .301 .082 .050 .004 .173 .020 .005 .050 .721 -~ -~ - .034 .005 2.075
Loading Machine Operators o - - - - - - —— - - - -— -— - - - -— 0 0
Roof Bolters .621 .248 .013 .083 .221 .460 .165 .096 .018 .330 -~ .010 .080 2.212 - ,010 .064 ~- 4.681
Timbermen and Jack Setters .128 .079 .005 .019 .098 .576 .107 .073 .014 2100 -~ -~ .016 ,181 ,005 .005 .005 .005 1.526
Haulage Activicies N
Belt and Boom Operators and Crews .188 .061 --  .185 ,478 1.645 .541 ,138 .083 1.094 .017 .017 .147 .724 -~ 017 .172  -- 5,507
Motormen .097 .027 -~ .018 .136 .231 .009 .035 .009 1,972 - ,018 ,273 .109 -~ 009 .035 -- 3.978
Shuttle Car Operators 0 = = e e e e en -— — e em e e e em e 0 0
Trackman, Bonders, and Wiremen .031 .018 - - .102 .808 .160 .027 - 226 -~ — 046 ..046 -~ - .009 -~ 1.473
General
Electricians .066 .058 ~-- .0290 .170 .576 .283 .039 010,468 -~ -— .249 ,089 -~ .010 .139 -~ 2.186
Laborers and Move Crews .590 .242 -~ 102 461 1.943 .351 .077 .070 1.359 ~- ,046 ,188 ,782 -~ ,008 .124 .008 6.351
Mechanics, Oilers, and Greasers .096 .058 -~ .076 .219 .831 .352 ,084 .031 600 ~~ .006 ,318 .318 -~ .019 .103 -~ 3.111
Pumpmen .003 .008 -~ .008 .004 .029 .004 .008 - 020 ~- - .016 .012 -~ -~ 008 -- .120
Rock Dusters .048 .024 - .024 .072 .296 .036 .012 — 320 -- - .036 .036 - — 012 - .916
Supply Men .006 .005- -- .005 .020 .160 .015 .010 .002 170 -~ —-— .003 .019 -~ .005 .014 -~ L43%
Ventilation Men (Masons) .108 .049 - .020 .100 .228 .050 .030 - 171 - -- -.020 .081 — - 049 ~- -906
Working Foremen and Firebosses 140 .058 -~ .014 ,112 .334 .039 .063 .033 2314 -~ .028 .083 .184 ~-- .014 .043 -- 1.459
; 2461 1,067 .036 2.338 8.418 2.194 .742 .274 7.427 ,037 .130 1.525 5.514 .,005 .097 .811 .01S33.723

Total

.629
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Table 6-16. Revised 1970 Injury Frequencies From Stage III Automation.
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Occupatica at Time of Injury % 8 g g o O ] d o = oo a * *x - Q ] £ boo e =
= o [ a =) o = = ) @ < = 4] = = = [ = < £ <
At or Near Face
Continuous Miner Operators .180 .099 .04 .034 .109 .152 ,061 .038 .003 ,129 .013 .004 ,043 ,488 - -~ .030 ,005 1.401
Loading Machine Operators -— - - - - - - - - - - - - - —_— -— — - -
Roof Bolcers .206 .092 ,005 .031 .082 .1l14 .061 .036 .007 2122 - .004 .035 ,963 - .003 .028 -- 1.789
Timbermen and Jack Setters .089 .069 .004 .017 .,086 .344 .095 .064 ,013 .185 -- - 016 .188 .004 .003 .004 .004 1.185
Haulage Activities
Belt and Boom Operators and Crews .059 .028 ~- .087 ,223 .760 .253 064 .035 .511 ,006 ,008 ,071 .351 - .006 .079 -- 2.541
Motormen .060 .033 -~ .022 ,166 .139 ,022 .043 .011 1.814 -~ .022 ,293 117 -~ .008 .043 ~-- 2.793
Shuttle Car Operators -- - - - - - - - - - - - - - — - - - .
Trackmer, Bonders, and Wiremen .020 .024 - - .132 1.047 .208 ,036 — .219 - - .059 ,059 -— — .012 - 1.816
General
Electricians 043 075 -~ 033 .220 .367 .490 .050 .01} 455 -- - 471,168 --  .009 .180 -- 2.719
Laborers arnd Move Craws .583 .289 - .121  ,549 2.357 .426 .092 .083 1.215 -~=- L0554 224 932 -~ .007 .148 .009 7.089
Mechanizs, Oilers, and Greasers .079 .080 -~ 106 .302 .765 .579 .116 043 .621 - .009 .587 ,587 —_ L,020 .142 - 4.036
Punpmen .002 .011 -- .011 .005 .037 .005 .0l1 - 020 -- -~ ,021 ,016 -~ -—-  .011 - .150
Rock Dusters 069 .034 -- .034% ,103 .423 .051 .,017 - 343 -~ - .051 051 -~ - .07 -~ 1.193
Supply Man .004 .002 -~ .002 .010 .069 .007 .005 .001 .063 -~ - .002 .011 -~ ,003 .013 -- .192
Ventilation Men (Masons) .073 .065 -- .026 .133 .302 .066 .039 - 1700 -~ - .026  .107 —- -— .065 -- 1.072
Working Foremen and Firebosses 064 .053 ~- .013 101 .304 .035 ,057 .030 215 - .02% ,075 .167 -- .013 .039 -~ 1.192
Total N ‘ 1.531 .954 ,023 .542 2,22} 7.320 2.359 .668 ,239 6.082 .019 .127 1,974 4.205 .0045 .072 .811 .017 29.168
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Table 6-17. Revised 1970 Injury Frequencies Prom Stage IV Automation.

c &
M -} 6 a
@ « & R
3 o v Y]
g 7] ] g o e
S o o “ ) 13
[’ - - -t - -
ES et 0 s Cl =] o
[ - wu (=1 et o g n
= ] Y] [ I ] u @
= [ @ o0 - o 2z @ 2 u P
= P o - o [«] [ %] w
-~ - = R a g o = ol >~ [ Q V]
%) por] @ - fa t e = ¢ =2 @ @ ) S w @ - P
— st I - - z ] o - > Pt o b c i
= - M a e 0 L] [ & a > T i o 4 o ) =
& ] b o 4 o I G € 3 & o - b - ] Q ] = 1] —
o [ o - = - - @ ) a @ w I3 o B o -1 3
o o N "] ~ a = X o Q Q o " vt o < [ -
I [ @ -3 o &, o e [ et ol - —t L [ &~ uy o =
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At or Near Face
Continuous Miner Operator - - - - - —-— — - -— ~— — - - - - - —-— - -
Loading Machine Operator - - - - - - - - - - - - - -— - - - -— -
Roof Bolters - - -— - —— -— - - - - — - - -— - - — - -
Timbermen and Jacl: Setters .031 .025 .002 .006 .031 .124 .034 023 005 .066 -~ —— 006 .066 .004 .003 .004 .004 434
Haulage Activities -
Belt and Boom Operators and Crews L1119 .018 - .055 .l42 .604 .16l 041 .022 ,325 .003 .004 .041 .201 -~ .003 .046 -~ 1.785
Motormen .071 .039 -~ .026 ,197 .077 .026 ,051 .013 1,432 -~ 026 .396 .159 - .010 .05 -- 2.574
Shuttle Car Operators — em e e e e e - B T e T T
Trackmen, Bonders, and Wiremen 071 .029 ~~ - .160 1.262 .250 043 - 176 - - 071 .071 -~ - 014 -~ 2.147
General
Electricians .052 .091 -- 045 265 .215 .206 .061 .015 .365 -~ - 190 .068 -~ .01y .217 -~ 1.801
Laborers and Move Crews 713,310 -~ .130  .589 2.518 .455 .099 .089 .869 - L0358 ,248 .999 -~ 066 ,139 ,010 7.244
Mechanics, Oilers, and Greasers .346 119 - .158  ,451 .636 .406 173 .065 .619 - .013 349 .349 -~ .029 ,212 -- 3.925
Pumpnen .007 .013 -- L0113 .007 .047 .007 .013 -— 017 - - L0277 .020 -~ -~ 013 - 184
Rock Dusters .79 .039 -- .039 .118 .486 .059 .020 = .263 -~ -~ .05% .059 -~ - 020 -~ 1,241
Supply en .002 .002 -~ .002 .006 .033 .005 .003 .aalr .027 - —— .00 .007 -~ .003 .013 -- .105
Ventilation Men (Masons) .248 076 -~ .030 .154 .350 .077 .046 -~ 132 - - 030 124 -~ -— 076 -~ 1.343
Working Foremen and Firebosses .189  .053 - .013 .101 .304 .035 .057 L0300 L1430 - .026 .0753 .167 -~ 013 039 - 1.243
Toral - 1928 .814 .002 .517 2.221 6.654 1.721 .630 L240 4.434  ,003 127 1,435 2,290 .004% .078 .86% .014 245028
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believe these results to be good approximations of the overall effect
of automation and remote-control techmology on underground coal mine
health and safety.,

Table 6-19 shows the change in accident frequency by occupation
for each stage. Several jobs were eliminated and their frequency is
reported as zero. It iIs interesting to note the ramk from the most
hazardous (ramk 1) to the least hazardous that is reported in paren-
thesis ;;xt to the frequencies.,

| The jobs that could be automated and remote controlied show a
considerable drop in accident frequency. Jobs that could not be
automated and occupations comprising a larger portion of the work
force, had an increase in frequency. Safety emphasis from management
and training programs should comncentrate on these occupations.
Research to define automation possihilities for the work performed
by trackmen, haulers, wiremen, electricilans, laborers and move crews,
mechanics, oilers, greasers, rock dusters, and ventilation personnel
is recommended.

Table 6-20 reveals that the rank of injury causes from the worst
(rank 1) to the least, remains about the same through all four stages.
“for most cases. In general, injury frequencies decline in most cases,
however, some declines, such as roof falls, are more pronounced than

others.
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Table 6~18. Accident Frequency Summary for Example

Frequency Percent of Present Frequency

per 1,000,000 per 1,000,000 per 1,000,000 per 1,000,000
i man hrs. tons man hrs. _tons
Present 42.8 30.4 100 100
Stage ;' 37.5 23.0 : 87 76
Stage I 33.7 17.3 79 57
Stage II1 29.2 11.8 68 39

Stage IV 24.0 8.8 56 T 29




EEEEEERE . : | ST o u
‘ | z
;Table}ﬁ—}Qr Accldent Frequency Acéordiég‘tovo?chatio? (F%g?res in‘ParGPFpe%es‘aFgRapgs).é
o o . PRESENT | ' 'STAGE STAGE .| ' ' STAGE - ~ STAGE
| OCCUPATION f | 1 ; 2 3 | 4
Continuous Miner Operator | 3.534 (4) 2.579 (6) 2.075 (7) | 1.461 (8) 0 (-)
Loading Machine Operator 3.341 (5) 0 (=) 0 () 6 ) 0 ()
Roof Bolters 7.820 (1) 5.643 (2) 4.681 (3) 1.789 (7) 0 =)
Timbermen and Jacksetters 2.417 (D) 2.074 (8) 1.526 (8) 1.185 (11) .434 (10)
Belt and Boom Operators and Crews 2.406 (8) 2.292 (D) 5.507 (2) 2.541 (5) 1.785 (6)
{Motormen 2.299 (9) 2.660 (5) 2.978 (5) 2.793 (3) 2.574 (3)
Shuttle Car Operators 5.464 (2) 4,269 (3) 0 (<) 0 (-) 0 )
Trackmen, Bonders, Wiremen 976 (13) 1.173 (11) 1.473 (9) 1.816 (6) 2.147 (4)
Electricians 1.474 (11) 1.989 (9) 2.186 (6) 2.719 (4) 1.801 (5)
Laborers and Move Crews 5.244 (3) | 6.488 (1) 6.351 (1) 7.089 (1) 7.244 (1)
[Mechanics, Oilers, Greasers 3.317 (6) 3.507 (4) 3.111 (&) 4.036 (2) 3.925 (2)
EPumpm;an } | .180 (16) { .100 (14) .120 (14) .150 (14) 184 (11)
[Rock Dusters | 458 15) | .79 @3 | .916 vy | 1.193 9 1.241 (9)
lsupplymen » | 1.188 a2y | 1.261 Q2 " .434 (13) 192 (13) | .105 (12)
T osdlerdan 752 (14) | 1.015 (11) | .906 (12) 1.072 (12) 1.343 (7)
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1apie b6-20. Accident Frequency According to Principal Injury Cause (Figures in Parentheses are Rank),

i

i

STAGE

STAGE STAGE STAGE
PRINGIPAL INJURY CAUSE PRESENT 1 1

Falls of Roof 6.7§9 3) 2.725 (4) 2.461 (4) 1,531 (7) 1.928 (5)
Falls of Face or Rib 1.653 (7). 1.281 (8) 1.067 (8) .954 (8) .814 (9)
Bumps or Bursts .061 (15) .055 (15) .036 (16) .023 (15) .002 (18)
Other Falling Objects .809 (9) .624 (11) .629 (11) .542 (11) .517 (11)
Slips or Falls of Persons 2.214 (5) 2.620 (5) 2.338 (5) 2.221 (5) 2.221 (4)
Handling Materials 10.290 (1) 10.364 (1) 8.418 (1) 7.320 (1) 6.654 (1)
Handtools 2.037 (6) 2,185 (6) 2.194 (6) 2.359 (4) 1.721 (6)
Stepping or Kneeling on
Sharp or Loose Object .808 (10) .771 (10) .742 (10) .668 (10) .630 (10)
Striking or Bumping ‘
Against Objects +253 (12) .252 (12) <274 (12) .239 (12) .240 (14)
Haulage 8.538 (2) 8.677 (2) 7.427 (2) 6.082 (2) 4.434 (2)
Explosions .049 (16) © .036 (16) .037 (15) .019 (16) .003 (17)
Explosives' .193 (13) .161 (13) .130 (13) .127 (13) 127 (12)
|Electricity 1.532 (8) 1.554 (7) 1.525 (7) 1.974 (6) 1.485 (7)
Machinery 6.764 (4) 5.661 (3) 5.514 (3) 4.205 (3) 2.290 (3)
Suffocation .012 (18) . .006 (18) .065 (18) .004 (18) .004 (16)
Mine Fires <114 (14) .113 (14) .097 (14) 072 (14 .078 (13)
{All others . .690 (11) - 749 (9) .811 (9) .811 (9) .864 (8)
Pneumoconiosis 2024 (17) ..020 (12) 018 _(12) 017 (17) 014 (15)

T 6YT
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Chapter 7
ECONOMIC ANALYSIS

Introduction

The profitability of the investment in automation and remote~
control equipment is evaluated in this chapter, Obviously, it must
‘be economically attractive if the mining industry is to ever employ
automation té a great extent. The increased level of capital invest-
ment must produce higher tons per man shift so a desirable risk rate
‘of return on capital investment will be realized. The previously
calculated production (Chapter 4), labor manning or productivity
(Chapter 5), and health and safety impact (ChapterIG) must be combined
with estimates of required capital investment and operating costs to
evaluate the profitability of future automation and remote control
- 1n underground coal mines. All capital and operating cost figures
Qsed in this investigation afe in 1976 dollars.

The profitability of the Present Stage through Stage IV automation
" will be examined for the case study mine considered in this report,
Even though the return on investment figures developed will apply
only to the specific case study, the method of calculation may be
applied to 3ll mines. That is, changes in seam height or other basic
- parameters will affect the final answer, but will not change the method
used., Additionally, the return on investment percentages should be
considered relative., They have significance in this report only as a
means of comparing the profitability of éhe various progressive auto-
mation and remote~control stages.

A risk rate of return on all initial capital requirements is

computed in this study. That 1is, no borrowing of capital or interest
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charges during the construction period is utilized., This leveraging
of equity capital, while common in industry, is highly dependent on
the financial resources of the individual investor. In addition, when
a portion of the initial capital is borrowed, the investor usually -
desires a much higher than 15 percent risk rate of return on the
equity, or unborrowed portion of capital, commensurate with the pro-
portion of borrowed/unborrowed funds.

The rate of return calculation begins with a listing of the
necessary initial capital expenditure items including an estimation
of the capital dollar purchase price for the Present Stage equipment.
Subsequent stages require capital for additional equipment and moni-
toring systems necessary in each of the progressive automation stages.
' Research and development cost of the additional automation equipment
and monitoring systems required in the respective stages is not
included in the estimated purchase prices. Next, the labor costs are
calculated and added to the operating and maintenance supply costs,
other cash costs, cleaning plant coéts,‘and miscellaneous costs to
determine the total operating costs perAton for the respective stages.
Replacement-of-capital-equipment monies are also included and
depreciation is calculated. A Present Stage selling price is deter-
mined using an iteration method since taxes must be computed for each
trial that will give a 15 percent return in investment after federal
income tax (FIT). The Present Stage selling price is held constant
in all four automation stages and the resultant rate of return is used

to compare their relative profitability.
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Analysis Technique

The "profitability-index" (PI) is the method chosen to calculate
the rate of return for each automation stage because it is a simple
well-documented approach that accounts for the time wvalue of money, (59)
The term profitability index means an interest rate or rate of return
calculated in the following prescribed fashion. To begin, a tabulation
of anticipated income, operating expenses, capital investment, and
expected federal income taxes is developed which recognizes the sequence
of occurrence of each item. Several steps are necessary to complete
this table. First, the annual production is entered in the table and
then multiplied by the selling price per ton to give a year-by-year
listing of anticipated income. Second, initial and replacement expendi-
tures are scheduled year-by-year. Third, annual depreciation and federal
income tax are determined since the rate of return is to be calculated
on an after-tax basis. " Fourth, operating costs are listed for each
year, and when added to the income taxes (the fifth step), equal the
total annual expense. In the final calculation, the total annual
expense is subtracted from the annual income to obtain the annual cash
flow.

After all the statistics have been entered in the calculations
table, the present worth of all investments and cash flows at several
trial interest rates is determined. It is assumed that all expenditures
and incomes occur continuously during the year. Therefore, the discount
factors used to obtain present value are those for midpoint of the year
application. The rate of return on total invested capital is the in-

terest rate at which the present worth of all expenditures (designated
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"A"), and the present worth of all cash flow income (designated "B")
are equal. In other words, the ratio A/B is equal to one or unity
at that point. Next, graphs of the PI versus A/B ratio are made -
using the ratio calculated at each of the trial interest rates = to
graphically determine the interest rate where the A/B ratio equals
unity. The present worth factors used and a detailed description of

the profitability index can be found in Reul's article in the Harvard

Business Review. (59)

These calculations ;re made for each of the automation stages in
this chapter. The following documents how the initial and replacement
capital, mine operating costs, depreciation, and income tax figures

were developed in addition to summarizing the PI evaluation.

Capiﬁal
| Both the initial and replacement capital investmenﬁ requirements

are listed in Table 7-1 for the Present Stage through Stage IVrautoé
mation. The replacement capital is estimated to be 85 percent of the
total initial investment. The general categories of capital expenditure
included are:

1. mine plant site acquisition and preparation,

2. surface buildings and facilities,

3. -surface mobile equipment,

4., preparation plant,

5. shafts and slopes,

6. general underground,

7. general auxiliary,




Table 7-1. Initial Equipment, Facilities, and Capital Investment.

Present *  Stage I Stage 1X Stage ITL Stage IV
1,227,620 Raw Tons 1,504,800 Raw Tons 2,217,600 Raw Tons 3,168,000 Raw Tons 3,643,200 Raw Tons
Amcunt  $(000) Amount  $(000) Amount  §$(000) Amount  $(000) Amount  $(000)
I. Mine Plant Site Acquisition
and Preparation 1,100 . 1,200 1,300 - 1,400 1,500
II. Surface Building & Facilities
. Administration : 250 a 300 . 400 450 ) 500
Bathhouse, lamphouse and equipment 600 700 800 ‘ 900 1,000
Supply and shop 500 700 900 1,300 1,500
Bulk storage and sheds : 150 175 200 225 250
Bulk oil storage 30 a5 40 45 50
Freah water system
Pump station and lines 100 110 120 130 140
Elevated storage tank 100 110 120 130 140
Fire protection lines 100 110 120 130 140
Potable water - .
Plant and pumps 30 3 36 39 42
Wella “10 10 10 10 10
Pipelines 20 22 24 26 28
Head tank 20 22 24 26 28
Sewage system
Plant 120 140 160 : 180 200
Pipeline 20 22 24 26 28
Mine water treatment 150 225 300 375 450
Rock dust system 40 45 50 55 60
Mine roads, yard and fencing 300 330 360 390 420
Surface electrical substation and
distribution system ’ 400 " 500 ) 600 700 800
Ventllation - twin fans 250 215 : 300 325 350
Total 3,190 3,864 4,588 5,462 6,136

0ST



Table 7-1. 1Initial Equipment, Facilities, and Capital Investment (Continued).

Present " Stage I Stage 11 Stage III Stage IV
1,227,620 Raw Tons 1,504,800 Raw Tons 2,217,600 Raw Tons 3,168,000 Raw Tons 3,643,200 Raw Tons
Amount  $(000) Anount  $(000) Amount  $(000) Amount  $(000) Amount  $(000)

ITT. Surface Mobile Equipment ’

Front end loader 1 45 1 45 1 45 1 45 1 45

Forklift 1 kX ) 1 33 1 11 2 66 - 2 66

3/4-ton pickupa-4WD 2 12 2 12 3 18 3 18 4 24

Dump truck 1 15 1 15 1 15 1 15 1 15

Flatbed truck 1 7 1 7 1 1 1 ? 1 7

Urility tool truck 1 15 1 15 1 15 1 15 1 15

Portable welder 1 9 1 9 1 9 1 9 1 9

Portable pumps 1 3 1 3 2 6 3 9’ 4 12

Mobile crane 1 90 1 90 1 90 1 90 1 90

Backhoe-mower-tractor 1 25 1 25 1 25 1 25 1 25

Diesel locomotive (10 ton) 1 55 1 55 1 55 1 55 1 55

Scraper-refuse 1 300 2 600 2 600 3 900 4 1,200

Dozer-refuse 1 150 1 150 1 150 1 150 1 150

Compactor-refuse 1 140 1 140 1 140 1 140 1 140

Liquid spreader 1 6 1 6 1 6 1 6 i g

Lowboy trailer 1 6 1 g 1 6 1 6 : 28

Automobiles 3 15 3 1 4 20 4 20

Total T35 1,226 1,240 T.576 1,830

IV. Preparation Plant (complete with raw coal

gection and storage, plant and equip-

ment, cleam coal storage, thickeners and

refuse disposal system) )

Present - 400 tons/hr rating 14,000

Stage I - 500 tons/hr rating 17,000 :

Stage IL -~ 660 tona/hr rating : 21,000

Stage ITI - 1,000 tons/hr rating ' 29,000

Scage IV - 1,200 tons/hr rating 32,000

16T




Table 7-1.

V.

VI.

Shafts and Slopes
Belt Conveyor and supply slope
with conveyor, supply hoist and

underground storage bin

Portal shaft, 500 ft deep, with

curtain wall and elevator

Ventilation shafi, 500 fr deep
Total

Underground - General

42" Conveyor - Mainline
Belting
Structure
Terminals
Starter~transformers
48" Conveyor - Mainline
Belting
Structure
Terminals
Starter-transformers
AC Electrics
Switchhouse
Isolation switchhouse
Power centers
Cables, couplers, etc.
DC Electrics
Rectifiers
Circuit breakers
Trolley, bonding
Track
Rail, ties and ballast
Switches
Ventilation

Initial Equipment, Facilities, and Capital Investment (Continued).

Present Stage I Stage II Stage II1I Stage IV
1,227,620 Raw Tons 1,504,800 Raw Tons 2,217,600 Raw Tons 3,168,000 Raw Tons 3,643,200 Raw Tons
Amount  $(000) Amount  $(000) Amount  $(000) Amount  $(000) Amount  $(000)
2M* 4,000 2M' 4,200 2M* 4,400 " 2M* 4,600 2° 4,800
500* 1,350 1,375 1,400 1,425 1,450
500" 1,000 1,100 1,200 1,300 1,400

6,350 6,675 7,000 7,325 7,650

s2M' 832 56M' 896 2M' 512 124 512 M 512
26M' 624 28M' 672 16M' 384 16M' 384 16M' 384
6 480 6 480 4 320 4 320 4 320
6 198 6 198 4 132 4 132 4 132
16M' 756 saM' 1,092 60M" 1,260

18 450 264 650 M 750

4 580 6 870 7 1,015

4 168 6 252 7 294

17 289 17 289 17 289 17 289 17 289
3 24 3 24 3 24 3 24 3 24
2 84 2 84 2 84 2 84 2 84
670 .670 670 6170 670

4 112 4 112 5 140 5 140 6 168
20 120 20 120 20 120 20 120 20 120
SIM' 342 s9M' 354 65M' 390 73 438 774 462
s 1,026 S9M' 1,062 65M' 1,170 734" 1,314 77M° 1,386
60 45 66 50 72 54 78 59 - 84 63
100 120 140 160 180

(431



Table 7-1. Initial Equipment, Facilities, and Capital Investment (Continued).

Present Stage I Stage I1 Stage III Scage IV
1,227,620 Raw Tons 1,504,800 Raw Tons 2,217,600 Raw Tons 3,168,000 Raw Tons ‘3,643,200 Raw Toas
Amount  $(000) Amount  $(000) Amount  §$(000) Amount  $(000) Amount  $(000)
VI. Underground - General (Continued)
Fresh water system . . ’
6" pipe oM 55 12M* 66 18M° 99 26M' 143 30M' 165
4" pipe 16M' 48 i6M' 48 16M’ 48 16M' 48 - 16M' 48
3-1/2" pipe 28M' 42 28M* 42 28M° 42 28M! 42 28M* 42
Drailnage system
Piping 145 156 189 233 255
Pumps and stations 100 120 140 160 180
Communication and Monitoring-General )
Phones 40 64 44 70 48 77 52 83 56 90
Cable 54M° 54 56M° 56 62M' 62 70M' 70 74M° 74
Airsplit monitoring 30 60 30 60 30 60 30 60 30 60
Circuit breaker and fan control 30 9 30 9 30 9 30 9 30 9
Conveyor monitoring 54 56 62 70 74
Central mine monitor console 1 100 1 100 1 125 1 200 1 300
Safety equipment ’
All service mask 30 3 35 4 40 4 45 5 50 5
Breathing apparatus 30 39 35 46 40 52 45 59 50 65
Self rescuers 450 18 500 20 600 24 650 26 700 28
Stretcher sets 15 3 15 5 15 5 15 5 15 5
Safety lamps 150 8 165 8 200 10 210 11 230 12
Methanemeters 150 60 165 66 200 80 210 84 230 92
Dust samplers 45 14 50 15 60 18 65 20 70 21
Noise exposimeters 15 6 17 7 20 8 22 9 25 10
Anenometer 110 22 125 - 25 - 150 30 160 32 175 35
Conveyor fire protection . 54 56 62 70 : 74
Cap lamps and racks 450 18 500 20 600 24 650 26 700 28
Total ‘ ) 5,924 . 6,186 7,613 8,975 9,785

£CT




Table 7-1. 1Initial Equipment, Facilities, and Capital Investment (Continued),

Present Stage 1 Stage I1 Stage I1I Stage IV
1,227,620 Raw Tons 1,504,800 Raw Tons 2,217,600 Raw .Tons 3,168,000 Raw Tons 3,643,200 Raw Tons
Amount  $(000) Amount  $(000) Amount  $(000) Amount  $(000) Amount  §(000)
VII. General Auxiliary Equipument

Rock miner 1 300 1 300 2 600 2 600 2 600
Loading machine 1 100 1 100 2 200 2 200 2 200
Cutting machine 1 150 1 150 2 300 2 300 2 300
Shuttle car 1 70 1 70 2 140 2 140 2 140
Roof bolter 1 70 1 70 2 140 2 140 2 140
Scoop tractor 1 46 1 46 2 92 2 92 2 92
Tractor batteries 1 9 1 9 2 18 2 18 2 18
Belt winders 1 15 1 15 2 30 2 i 2 30
Cat winches 1 30 1 30 2 60 2 60 2 60

- Locomotives 3 240 3 240 3 240 4 320 5 400
Rail cars 1 4 1 4 2 8 2 8 3 12
Ballast cars 1 10 1 10 2 20 2 20 3 ki
Pod rock duster 1 30 1 30 2 60 2 60 3 90
Duster slave car 1 15 1 15 2 30 2 30 3 45
Track tamper 1 50 i 50 1 50 1 50 1 50
Compressors 1 30 1 30 2 60 2 60 3 90
Equipment carriers 1 7 1 1 2 14 2 14 3 21
Portal busses 15 300 15 300 15 300 15 300 15 300
Jitneys 15 225 135 225 15 225 15 225 15 225
Fire fighting equipment 1 15 1 15 2 36 2 30 3 45
Raock cars 15 90 20 120 25 150 30 180 35 210
loists 1 10 1 10 2 20 2 20 3 .30
Portable welders . 15 15 15 15 15 15 15 15 15 15
Miscellaneous tools and equipment 20 .24 . 36 50 60
Total 1,851 1,885 T 2,838 2,962 ’ 3,203

ST



Table 7-1. 1Initial Equipment, Facilities, and Capital Investment (Continued).

Present Stage I Stage II Stage III . Stage IV
1,227,620 Raw Tons 1,504,800 Raw Tons 2,217,600 Raw Tons 3,168,000 Raw Tons 3,643,200 Raw Tons
Amount  $(000) Amount  §$(000) Amount  $(000) Amount  5$(000) Amount  $(000)
VIII. Production Section Equipment
Continuous miner 11 3,300
Pickup loader . 11 1,100
AES machine - Stage 1-type 11 5,500
Stage 2-type 11 6,600
Stage 3 type 11 7,700
Stage 4 type 11 8,800
Shuttle cars 22 1,540 22 1,540 n 770 11 770 11 170
Mobile bridge carriers and bridges : 11 3,300 11 3,300 11 3,300
*“Touchup” bolter 11 275 11 275 11 275 11 275 1 275
Belt feeder 11 385 11 385
Stopping emplacer 11 550 11 550 11 550
Power centers 11 462 11 462 11 462 11 462 11 462
Section belt conveyor
Belting, 55,000° 11 550 11 550 11 550 11 550 11 550
Structure, 27,500 11 399 11 399 1 399 11 399 11 399
Terwinals 11 ‘440 11 440 11 440 11 440 11 440
Starter-transformers 11 220 11 220 11 220 11 220 11 220
Belt moving machine 11 550 11 550 11 550
Dust vacuum system 11 1,100 11 1,320 11 1,540
Rock duster . 1 66 11 66
Trickle dusters with ventilation fan 1 198 11 198 11 198 1 198 11 198
Piped rock dust system 11 1,100 11 1,100 11" 1,100
Scoop tractor and charger . 11 506 11 506 11 506 11 506 11 506
Tractor batteries ) 11 99 11 .99 L1l 99 11 99 11 99
Supply cars- Rubber ratl 165 660 220 880 275 1,100 . 330 1,320
Supply vehicle : 11 550 11 825 11 1,100
Section monitoring systems
Face equipment status 1 ‘ ‘ 11 2,200 11 2,750
Roof conditions ‘ ' ' 1 1,100 1 1,650
Mine eavironment 11 1,100 11 1,650
Electrical system : oo ‘ 11 1,100 11 1,650,
Water system ' : o 11 550 11 825
Section monitoring console . 11 1,650 11 2,750
Total o . 9,540 11,300 18,549 28,064 33,454

€T




Table 7-1. 1Initial Equipment, Facilities, and Capital Investment (Continued).

Present Stage 1 Stage II Stage III Stage IV
1,227,620 Raw Tons 1,504,800 Raw Tons 2,217,600 Raw Tona 3,168,000 Raw Tons 3,643,200 Raw Tons
N Amount  $(000) Amount  $(000) Amount  $(000) Amount  $(000) Amount  §(000)
IX. Miscellaneous
Overhead during conatruction 150 200 300 A 400 450
Engineering 100 125 200 250 300
Mine development-excess cost 1,000 1,200 1,800 2,600 . 3,000
Total 1,250 1,525 2,300 3,250 3,750
Grand Total Initial Capital 44,131 ’ 50,861 66,428 88,014 99,368

9¢T
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8. production sections, and

9. miscellaneous

The authors have relied on a combination of sources including
manufacturers' information and their own pest experience in the
assemblage. The research and development status of the monitoring
systems for rodf condition, electrical, water, and equipment status
is insufficiently advanced to permit accurate knowledge of the pro-
duction models' commercial cost. Therefore, best judgement estimates
based on relative complexities compared to presently available envi-
ronmental monitoring and communications systems have been utilized.
It is presumed that research and development will have been accomplished
under government or private sponsorship and that monitoring systems will
be produced by several companies in competitive models.

The changes in equipment sophistication and quantity froﬁ stage
to stage were projected on the basis of information from the job
function descriptions (Chapter 3) and the calculated production.
Purchase prices used resulted from the size and levei of sophistication
projected.

As stated earlier, the cost of developing the automated equipment
and technology is not included as a portion of the commercial model.
It is assumed that this is covered by research funds.

The total initial expenditure for capital equipmentrand facilities
is listed in Table 7-1. The funds will be expended over the first»six
yvears of the project. In order to identify the incremental capitai

expenditures by year which is required for computing the PI, Table 7-2
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was constructed, Each of the nine categories is listed with anticipated
annual expenditure amounts in the Present Stage case. The abbreviations
P-3, P-2, and P-1 represent the three years of development, respectively,
before production (P) begins. Percentage distribution of the initial
capital over the development years is also listed. These percentages
were used to develop the corresponding annual expenditure amounts for
Stages 1 tprough IV. The same general percentage for all five stages
(Present Stage through Stage IV) assures that any differences in the

PI is a result of changes caused by introduction of automation technology
and not a contrasting time outlay of capital expenditure. In addition,
all calculations are based on total initial capital requirements

without financing so that borrowing or capital leveraging distortions
are not involved.

The increase in back up mine services such as additional plant
areas, surface buildings, surface mobile equipment, preparation
facilities, and other items are apparent from a comparison of the wvarious
stages.

A useful fiéure for comparison of initial capital investment for
the Present Stage through Stage IV automation is cost per annual clean
ton. Table 7-3 presents this comparison. Even though the capital
expenditures increases significantly through progressive automation
stages, the increased production is large enough to cause a decrease
in the ratio of investment to annual clean tons. When this fact is
coupled with the Chapter 5 information that tons per manshift increases,

the basic reasons for improved profitability are evident.



Table 7-2.

Category Total
1. Plant Site . 1,100
2. Surface Facilities 3,190
3. Surface Mobile Equip. 926
4. Preparation Plant 14,000
5. Shafts and Slopes 6,350
6. General Underground 5,924
1. ngeral Auxiliary Equip. 1,851
8. Production Sections 9,540
9. Miscellaneous 1,250

Total 44,131

Year P-3
1,100 100
100 11
500 4
50 4
1,750 4

Year P~2

1,595
300
4,667

3,175

50

9,787

50
32
3

50

Present Initial Capital Expenditure by Year (im thousand dollars)

Year P-1

Year 1

Year 2

Year 3 -
Amount Percent Amount Percent Amount Percent Amount Percent Amount Percent Amount Percent

1,595

526
4,666
3,175

50

10,012

50
57
33

50

|

4,167

2,000
900

3,500

500

11,067

30

3,500
900

5,200

500

10,100

59
49

35

40

23

424
31
840

100

1,415

w Iw ® N

6ST
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Table 7-3. Initial Investment per Annual Clean Ton.

Initial Initial

. Stage Investment/Ton Annual Investment (M)
Present $44.58 844,131
Stage I $41.42 $50,861
Stage II $36.46 $66,428
Stage TIT $33.67 $88,014

Stage IV $33.46 $99,368
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The potential for varying annual mine production rates is based

on the premise that a mining layout can accommodate a certain number

of production sections which can operate at either above or below

average productivities with only modest changes in levels of capital
expenditures. Automation affords the opportunity to significantly

indrease annual mine production from a fixed number of working sections.

Operating Costs

The operating costs per raw tons listed in Table 7-4 are divided

.into three basic categories of labor, other cash costs, and cleaning

plant. The costs were developed by calculations from previous data
where possible and by utilizing the authors' experience when data were
not available, The figures are for full productionm, During the first
three development years, partial production is recorded on the basis

of two operating units during the first year, five during the second

and seven during the third year. Operating costs are incurred partially
during this period. Percentages of 35, 60, and 80 are the portions of
annual operating expenditures projected for the first three production
years, respectively.

Labor. The cost of labor and management at the mine and cleaning
plant is derived from the personnel requirements outlined in Chapter 5.
The August 1976 UMWA wage rates were applied to the labor manning lists
to produce Tables 7-5, -6, -7, -8, and -9. In some instances, higher
wages are applicable to highly skilled workers in later automation
stages. Additional discussion of this subject is contained in the

Psychological and Organizational Impact Chapter. The cost per day is




le 7-4. Operating Costs.

Present Stage I Stage 11 Stags X1 . Stage IV

(1,227,620 Raw Tons) (1,504,800 Rav Tons) (2,217,600 Raw Tons) (3,168,000 Raw Tons) (3,643,200 BRaw Tona)
Thousands of -Dollars/ Thousands of Dollars/ Thousands of Dollars/ Thousands of Dollars/ Thousands of Dollsrs/

COAL COST Dollara/Year Raw Ton  Dollars/Year BRaw Ton  Dollars/Year Raw Ton  Dollars/Year Raw Ton  Dollars/Yeayr Rauw Ton
ar
surly Labor 3,967 3.23 4,147 2.76 4,749 2.14 5,764 1.82 5,737 1.57
alaried Emplayees 1,248 1.02 1,570 1.04 2,100 0.95 2,374 0.75 2,536 .70
ocfal Security 346 0.28 72 0.25 460 0.21 526 0.12 535 0.15
alaried Benefita 312 0.25 393 0.26 525 0.24 594 0.19 634 0.17
oliday & Vacation Pay 433 0.35 452 0.30 518 0.23 629 0.20 626 0.17
ther UMWA Benefits 204 0.17 213 0.1% 248 0.11 295 0.09 295 0.08
ealth & Helfare Fund 1,686 1.37 1,903 1.26 2,566 1.16 3,344 1.06 3,507 0.96
bsenteeisn 96 0.08 100 0.07 115 0.05 134 0.04 136 - 0.04
vertine 397 0.32 415 0.28 475 0.21 576 0.18 574 0.16
orkmen Insurance & C.0.L.A. 1,390 1.13 1,502 1.00 1,797 . 0.81 2,120 0.67 2,147 0.60
on productive Training 98 0.08 102 0.07 123 0.06 140 0.04 140 0.04
dle Day Work 96 0.08 99 0.07 114 0.05 137 0.04 1316 0.04
ubtotal Labor 10,273 8.37 11,268 7.49 13,791 6.22 16,633 5.26 17,003 4.68
er Cash Costs
iperating Supplies 1,780 1.45 2,137 .42 3,082 1.39 4,308 1.36 . 4,918 1.35
lalntenance Supplies 2,148 1.75 2,543 1.69 4,191 1.89 6,399 2.02 7,469 2.05
‘'ower (Mine & Plant) 615 0.50 152 0.50 1,109 0.50 1,584 0.50 1,822 0.50
Hine Extension 246 0.20 801 0.20 444 0.20 634 0.20 129 0.20
idministrative 491 0.40 602 0.40 a8l 0.40 1,267 0.40 1,457 0.40
.egal Penalties . 25 0.02 30 0.02 1Y) 0.02 63 0.02 k) 0.02
‘roperty Taxes 368 0.30 451 0.30 665 0.30 950 0.30 1,093 0.30
[nsurance . 123 0.10 123 0.08 123 0.06 123 0.04 123 0.03
\ssociation Dues -3 0.03 45 0.03 67 0.03 95 0.03 109 0.03
loyalty & Sales Fee 1,247 1.02 1,535 1.02 2,262 1.02 3,211 1.02 3,716 1.02
{iscellaneous 123 o0.10 150 0.10 222 0.10 317 0.10 364 0.10
jubtotal Other Cash Costs 7,202 5.87 8,670 5.76 13,096 5.9 18,972 5.99 21,873 6.00
:taning Plant
Jperating Supplies 245 0.20 286 0.19 3159 0.18 5319 0.12 582 0.16
{faintenance Supplies 491 0.40 572 0.38 798 0.36 1,109 0.35 1,239 0.34
tal Excluding Depreciacion 18,192 14.84 20,796 13.82 28,084 12.64 37,252 11.76 40,679 11.17
»reclacion 3,465 2.82 3,991 2.65 5,211 2.35 6,875 2.117 7,811 2.14
tal 21,657 17.66 24,787 16.47 33,295 15.00 - 44,127 13.93 48,490 13.31
EAN COAL COST .
Before Depreciation 18.41 © 16.95 14.79 14.25 - 13.70
ifrer Depreciation 21.90 20.20 : 18.29 16.91 16.34

291
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Table 7-5. Present Labor Cost

-

Daily Cost
Occupation Employment Rate Per Day
Section Crew
Miner Operator 18 $57.20 $ 1029.60
Loader Operator 18 54.06 973.08
Shuttle Car Operator 36 51.20 ~1843.20
. Roof Bolter 36 57.20 ©2059.20
Brattice Man 18 48.91 880.38
Utility Man 18 48.91 880.38
Mechanic 18 57.20 1029.60
Subtotal 162 $ 8695.44
. Geﬁeral Inside -
Supply Motorman 12 49.48 593.76
Beltman 22 48,91 1076.02
Trackman 8 48.91 - 391.28
Wireman 4 48.91 - 195.64
Mason 5 51.20 256.00
Pumper-Pipeman 3 48.91 146.73
Mechanics 15. 57.20 858,00
Rock Duster 2 49.48 A 98.96
Equipment Mover 4 48.91 © 195.64
Conveyor Mover 9 48.91 - 440.19 -
Fireboss 4 57.20 - .228.80
Oiler-Greaser 9 48.91 - 440.19
Electrician 6 57.20 343.20
Utility Man 21 48.91 1027.11
Subtotal 124 $ 6291.52
Outside A v
Lampman 3 49.76 149.28
Scoop Operator 2 49.76 99.52
Mechanic 18 51.48 - 926.64
Hoistman 3 57.48 172.44
Supply Crew 4 47.20 ~188.80
Subtotal 30 $ 1536.68
Shift Differential-Mine 261.58
Total Mine Labor Cost 316 16785.22
Cost per Raw Ton 3.01
Cleaning Plant Employees 25 49.05
Shift Differential-Cleaning Plant 18.58
Total Labor Cost 341 $18030.05
Cost per Clean Ton 4.01

Average Daily Wage $52.41
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Table 7-6. Stage I Labor Cost

Daily Cost
Occupation Employment Ra;e Per Day
Section Crew
Extraction Machine Oper. (cut.) 18 §57.20 $ 1029.60
Shuttle Car Operator 36 51.20 1843.20
Extraction Machine Oper.(bolt.) 36 57.20 2059.20
Ventilation Man 18 48.91 880.38
Supply/Utility Man 18 48.91 - 880.38
. —-Mechanic 18 57.20 1029.60
‘Subtotal 144 $ 7722.36
General Inside . .
Supply Motorman 15 49.48 7 T 742.20
Beltman 22 48.91 1076.02
Trackman 10 48,91 489.10
Wireman 5 48.91 244,55
Mason 7 51.20 358.40
Pumper-Pipeman 4 48.91 195.64
Mechanics 19 57.20 1144.00
Rock Duster 3 49.48 148.44
Equipment Mover 5 48.91 . 244,55
Conveyor Mover 11 48.91 - 538.01
Fireboss 4 57.20 288.80
Oiler-Greaser 9 48.91 - 440.19
Electrician 8 57.20 - 457.60
—-.Utility Man ' 28 48.91 1369.48
‘Subtotal 150 $ 7736.98
Qutside
Lampman 3 49,76 149.28
Scoop Operator 2 49.76 99.52
Mechanic 18 51.48 926.64
Hoistman 3 57.48 : 172.44
——Supply Crew 6 47.20 283.20
Subtotal 32 $§ 1631.08
Shift Differential-Mine : . 267.32
Total Mine Labor Cost 326 : ~ $17357.74
Cost per Raw Ton 2.54
Cleaning Plant Employees 30 49.0S  1471.50
Shift Differential-Cleaning Plant 22.29
Total Labor Cost 356 . $18851.53
Cost per Clean Ton 3.38

Average Daily Wage $52.95
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Table 7-7. Stage II Labor Cost

Average Daily Wage

Daily Cost
Occupation Employment Rate Per Day
Section Crew -
" Extraction Machine Oper. (cut.) 18 $57.20 $ 1029.60
" Mobile Bridge Operator 54 51.20 2764.80
- Extraction Machine Oper. (bolt.) 36 57.20 - 2059.20
Ventilation Man 18 48,91 880.38
Supply Vehicle Operator 18 51.20 921.60
---—Mechanic 18 57.20 1029.60
Subtotal 162 $ 8685.18
General Inside i
Supply Motormen 22 49.48 1088.56
- Beltnen 22 48.91 1076.02
‘Trackman 15 48.91 733.65
‘Wireman 8 48.91 391.28
‘Mason 10 51.20 512.00
Pumper-Pipeman 6 48.91 - 293.46
Mechanics 28 57.20 1601.60
Rock Duster 5 49.48 247.40
‘Equipment Mover 8 - 48.91 391.28
-Conveyor Mover 11 48.91 538.01
‘Fireboss 4 57.20 - 228.80
Oiler-greaser 9 48.91 - 440.19
Electrician 12 57.20 - 686.40
.. Utility Crew 35 48.91 1711.85
" Subtotal 195 $ 9940.50
Qutside o
Lampman 3 49.76 149.28
Scoop Operator 3 49.76 149.28
Mechanic 20 51.48 1029.60
Hoistman 3 57.48 172.44
___Supply Crew 9 47.20 424.80
Subtotal 38 $ 1925.40
Shift Differential-Mine 0 323.90 .
Total Mine Labor Cost 395 $20874.98
Cost per Raw Ton 1.97
Cleaning Plant Employees 35 49.05 -1716.75
Shift Differential-Cleaning Plant "26.01
Total Labor Cost 430 $22617.74
Cost per Clean Ton 2.73
$52.60




Table 7-8. Stage III Labor Cost
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Occupation

Section Crew
Tech. Serviceman-Extraction
Tech. Serviceman-Haulage

. Ventilation Technician
Roof Control Tech. Serviceman
Supply Technician
Mechanic
Electrician

Monitoring Systems Technician

Subtotal

General Inside
Supply Motormen
Beltman
Trackman
Wireman
Mason
Pumper-Pipeman
Mechanics
Rock Duster
Equipment Mover
Conveyor Mover

- Fireboss
Oiler-greaser

. Electrician

. Utility Crew

Subtotal

Qutside

Lampman

Scoop Operator
- Mechanic

Hoistman
__Supply Crew

Subtotal
Shift Differential-=Mine

- Total Mine Labor Cost

Cost per Raw Ton

Cleaning Plant Employeeé

Shift Differential-Cleaning Plant
Total Labor Cost

Cost per Clean Ton

Average Daily Wage

Daily
Employment

18
18
18
18
18
18
18
18

144

31
22
22
12
15

9
40

8
12
12

4

9
18
49

263

22

12
43

450

40

490

Cost

Rate Per Daz
$57.20  $ 1029.60
57.20 1029.60
57.20 1029.60
57.20 1029.60
57.20 1029.60
57.20 1029.60
57.20 1029.60
57.20 1029.60
$ 8236.80
49,48  1533.88
48.91 1076.02
48,91 1076.02
48.91 586.92
51.20 768.00
48.91 440.19
57.20 2288.00
49.48 395.84
48.91 586,92
48.91 586.92
57.20 228.80
48.91 440.19
57.20 1029.60
48.91 2396.59
$13433.89
49.76 149.28
49.76 149.28
51.48 1132.56
57.48 172.44
47.20 566.40
$ 2169.96
369.00
$24209.65

1.68
49.05 1962.00
29.73
$26201.38

2.21

$53.47
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Table 7-9. Stage IV Labor Cost

Daily T Cost

Occupation : Employment Rate Per Day
Section Crew .
Tech. Serviceman-Extraction 18 $57.20 - $ 1029.60
‘Tech. Serviceman-Haulage _ 18 57.20 1029.60 -
Ventilation Technician 18 57.20 - 1029.60
Roof Control Technician 18 57.20 1029.60
Supplies Technician 18 57.20 1029.60
Monitoring Systems Technician 18 57.20 1029.60
Subtotal 108 - $ 6177.60
' General Inside _
Supply Motormen 36 49.48 1781.28
Beltman 22 48.91  1076.02
Trackman 26 48.91 - 1271.66
Wireman . 14 48.91. 684.74
Mason 17 51.20 - 870.40
Pumper-Pipeman 11 48.91 538.01
Mechanics : 45 57.20 2574.00
_ Rock Duster 9 49.48 - 445,32
. Equipment Mover - 14 48.91 - 684.74
Conveyor Mover ' 14 48.91 684.74
Fireboss 4 57.20- - --228.80
Oiler-greaser 9 48.91 = = 440.19
Electrician 21 57.20 1201.20
Utility Crew 49 48.91 2396.59
Subtotal 291 - $14877.69
Qutside - |
Lampman 3 49.76 149,28
Scoop Operator 3 49.76. .- 149.28
Mechanic 24 51.48 -  1235.52
Hoistman 3 57.48 172.44
Supply Crew 15 47.20 708.00
Subtotal : 48 . $ 2414.52
~ Shift Differential-Mine ‘ . 366.54
Total Mine Labor Cost 447 $23836.35
Cost per Raw Ton : 1.44 -
Cleaning Plant Employees 45 49.05 2207.25
Shift Differential-Cleaning Plant 33.44
Total Labor Cost 492 $26077.04
Cost per Clean Ton 1.93

Average Daily Wage $53.00
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multiplied by 220 operating days per year to obtain the annual cost
listed in Table 7-4. The annual cost of supervision is detailed in
Table 7-10 where esﬁimated annual salaries are iisted according to
the supervision requirements determined in Chapter 5.

Labor and supervisory benefits and other costs such as absen-
teeism, overiime, training, and idle day work are based on the
information presented in Table 7-11.

. The daily cost of each worker is summarized in Table 7-12.. The
total cost per man day increases 1l percent from the Present Stage
through Stage IV, which is primarily due to a larger payment per man
to the UMWA Health and Welfare Fund. The increased expenditure
results primarily from the tonnage based portion of the welfare -
payment. _

-Qther Cash Costs. The other cash category includes mine oper-

ating supplies, mine maintenance supplies, mine and plant power, mine

. extension, administration, legal penalties, property taxes, insurance, . .
association dues, miscellaneous costs, and royalty and selling fee.
Cleaning plant costs, depreciation, federal income tax, and return on
‘investment (income) are discussed in later report sections. The expen-..
ditures are primarily based on the author's experience of costs in
current mining operations. The previously outlined production rates,

job functions, and equipment lists are the basis for projecting these
costs through the automation stages. Many "other cash costs” while . -
judgmental in their specific amounts for the Present Stage would be
considered more absolute in their relative position from Present Stage

through Stage IV.



Table 7-10. Supervision Annual Cost (in thousand dollars)
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" Total Salary $1248

Stage Stage Stage Stage
- Position Present 1 II. I1T v
‘Superintendent $ 35 $§ 35 §$§ 35 $ 35 §$ 35
General Mine Foreman 28 28 28 28 28
Assistant General Mine Foreman 72 72 96 120 144
Section Foreman/Supervisor 396 396 396 396 396 _ .
--Construction Foreman/Supervisor 66 88 132 7132 132
Haulage Foreman 22 44 66 66 66
Supply Foreman 22 44 " 66 66 66
Maintenance Superintendent 30 30 30 30 30
Asst. 'Maintenance Superintendent 28 56 84 84 84
General Maintenance Foreman 26 26 26 26 26
- Shop Foreman 72 ) 72 72 72 72
Maintenance Foreman 132 ™ 198 264 264 264
Chief Mine Engineer . 25 25 25 25 25
Draftsman 12 24 36 48 60
Survey Crew 24 24 36 48 48
Safety Director 24 24 24 . 24 24
Safety Inspector 22 &4 66 66 66
Training Instructor 16" 32 64 96 128
~ Dust and Noise Technician 12 12 12 12 - 12
Office Personnel Manager - ' 18 13 18 18 18
Time and Bookkeeper . 12 12 24 24 24
Purchasing Agent 18 18 18 18 18
' Warehouseman 36 36 48 — 60 72—
Industrial Engineer 20 40 80 120 120
Electrical Engineer 20 40 80 120 160
‘Mechanical Engineer - - 20 20 20.
- Mine Engineer - 22 A 66 88
~ Design Engineer - - 20 20 20
Asst. Mine Superintendent - 30 30 30 30
Computer Scientist - - - 18 18
Computer Technician - - - 42 42
Ventilation Engineer - - 20 20 20
Supplies Engineer - - - 20 20 20
Haulage Engineer - - 20 20 20
Additional Salary 60 80 100 120 140
(includes cleaning plant) o o
$1570 $2100  $2374  $2536
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Table 7-11. Basis of Labor and Supervisory Benefits and Other Costs

1.

6.

70

10.

Social Security: 5.857% of the first $14,800 annually or
$865.80 per employee

Salaried Benefits: 25% of annual salary

Holiday and Vacation Pay: 24 days (10 holidays, 14 vacation)
per employee at average rate annually

Other UMWA Benefits:

a. safety equipment and protective clothing allowance -
@ $75 per employee annually

b. bereavement, jury, and military duty
@ 3 days per employee annually

¢. sickness and accident benefit insurance
@ $100 per employee annually

d. sickness pay @ 5 days per employee at average
rate annually

Health and Welfare Fund: $.78 per clean ton and $1.40 per
hour worked -

Absenteeism: 107 additional employment including payment of
benefits : o

Overtime: 107 of the hourly labor cost

a. black lung insurance and workmen's compensation
insurance: 19.24 per $100 of payroll

b. cost of living adjustment (COLA): $3.68 per
day per employee

c. unemployment insurance: 0.87 of the first $4,200
annually or $33.60 per employee

Nonproductive Training: estimated cost based on the authors':
experience

Idle Day Work: 207% of the labor force will work 21 days
annually at the average rate



Table 7-12. Average Daily Cost of Union Employees. -

1

Category : ' ‘ Present

. Stage IIi

Stage I Stage 1I Stage IV
Number Employed 344 356 430 490 492
Wages § 52.41 §52.95 § 52.60 § 53,47  $ 53,00
Social Security 3.94 3.94 3.0 3.9 3,94
Holiday & Vacation Pay 5.72 5,78 5.74 5.83 5.78
Other Benefits 2,70 2,72 2.71 2.74 2,72
Health & Welfare Fund - 22,78 24.30 27.12 31,02 32.40
Unemp, COLA, Blacklung & Wkm. Comp. 18.37 19,17 19.00 19.67 19,84
Subtotal $105.42 $108.86 $111.11 $116.67 $117.68
Overtime 5.24 5.30 5.26 5,35 5.30
Training . 1.30 1.30 1.30 1.30 1.30
Idle Day Work 1.27 1.27 1.27 1.27 1,27
Absenteeism 1.26 1,26 1.26 1,26 1?26
Total | $114.49 $117.99 $120.20  $125.85  $126.81

LT
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Table 7-13 lists both operating and maintenance supplies costs.
Due to increased production volume the annual dollars available for
operating and maintenance supplies increases significantly from the

Present Stage through Stage IV, respectively, as follows: $2,928,000,

- . .$%4,680,000, $7,273,000, $10,707,000, and $12,370,000. Operating

supplies cost per ton show a slight decrease through autoﬁation pro=-
gression.” Maintenmance supplies cost per ton increase slightly.
Normally, maintenance supplies cost per ton will decrease as production
increases;’however, more sophisticated equipment and more machinery:
- on-the section leadAto the predicted higher costs per ton. The ratio
of maintenance supplies cost per clean ton to the investment per annual
‘clean ton decreased slightly - 1:21, 1:20, 1:16, l:14, and 1:13 - for
the Present Stage through Stage IV, respectively.

fhe basis for the other cash costs are described in the following
Table 7-14.

Cleaning Plant. The costs of wages and benefits for cleaning

_plant employees are included in the calculations for the entire oper-

- ation. The total cost per raw ton for cleaning plant employees wages

. and benefits is $0.50, $0.50, $0.40, $0.34, and $0.33, respectively,
for the Present Stage through Stage IV. The operating and maintenance
supplies are estimated to be $0.20 and $0.40 per tonm, respectively,

‘for the Present Stage. Both decrease slightly as automation progresses.
On a raw-ton basis, the total cleaning plant operating costs are $1.10,
$1.07, $0.94, $0.86, and $0;83, respectively, for the Present Stage

through Stage IV. However, the annual dollars available for total



Table 7-13. Basis of Other Cash Costs
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Power: $0.40 per ton for the Present Case with 607 fixed
monthly cost and 407 varying with production.

. Mine Extension:  $0.20 per raw ton

Administrative: $0.60 per raw ton

‘Legal Penalties: $0.02 per raw tom
 Property Taxes: $0.30 per raw ton
- Insurance: $0.10 per raw ton

"Royalty and Selling Fee: 4% of the selling price




Table 7-14.
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Operating and Maintenance Supplies Cost ($/raw ton)

Stage Stage Stage Stage
Present I I1 III v
Operating R
Lubrication & Hydraulic Oil .10 .10 A0 - .10 .10
Bits .15 .15 .15 .15 .15
Roof Support .55 .55 .55 "~ .55 .55
Power Distribution .05 .04 .03 .02 .02
Water Supply & Drainage .05 - .04 .03 .02 .02
Haulage .10 .09 .08 .07 .06
Rock Dust .10 .10 .10 .10 .10
Ventilation .20 .20 .20 "~ .20 - .20
__Other .15 .15 .15 .15 .15
.Total Operating Supplies 1.45 1.42 1.39 1.36 1.35
Maintenance o
Continuous Miners/AES .60 .70 .70 .70 .75
Shuttle Cars/Mobile Convy. .15 .15 .20 .20 .20
Roof Bolters .05 (04 .03 .02 .02
Scoop .05 .04 .03 .02 .02
Belt Feeders .05 .05 05 .05 .05
Conveyors .05 .05 - .05 - .05 .05
Locomotives .10 .09 .08 .07 .06
Power Distribution Equip. .10 .09 .08 .07 - .06 .
Water Supply & Drainage .05 .04 .03 .02 .02
Cables .10 .10 .10 .10 .10
Batteries & Chargers .05 .05 .05 .05 .05 .
Supply Cars .05 .05 .05 .05 .05
Portal Buses & Jeeps .05 .04 .03 .02 .02 .
Other .20 .20 .20 .20 .20
Supply Vehicle - - .05 .05 - «05
Conveyor Moving Machine - - .05 .05 05
Stopping Emplacer - - .05 .05 - --.05
Piped Rock Dust System - - .05 .05 .05
Monitoring Systems - - - .10 .10
_ Computers - - - .10 .10
Total Maintenance Supplies $1.75 $1.69 $1.89 - $2.02 $2.05
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cleaning plant operating casts from the Present Stage through Stage

IV, respectively, are $1,350,000, $1,61Q,000Q, $2,0§§39Q037§2?22§,900, o

and $3,024,000. Consequently, if the coal did not_:qu@;gmgleaqing

the raw-ton costs would decrease by a sum approachiggmpﬁege amounts.
However, some monies would be required for outsi&e raﬁ éoélrhandling
and Storage facilities.

Tayle 7-4 reports the total operating costs on a raw-ton basis.
Converted to clean tons, the total costs per ton including depreciation
- 7~  for the Present Stage through Stage IV are: $21.90, $20.20, $18.24,

$16.91, and $16.34.

Depreciation. The straight-line method of depreciating the

initial and replacement capital on a dollars per ton basis is used

to develop the necessary information for the income tax computation.

The sum of the initial and replacement capital is divided by the total
tons to be mined over the 25-year life of the study for the respective
cases. It has been previously recognized that varying amounts of

reserve dedication are required for the various stages.

Selling Price

The amount of income that would result in a 15 percent rate of

return over the entire life of the study for the Present Stage was

calculated by testing various selling prices until the correct realiza-

| ‘ tion figure of $31.50 per clean ton was established. The selling price
reflects the requirements of a new deep mine including plant site,
% development openings, and preparation plant. The result is a rather

high initial investment per annual ton at a relatively low productivity
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level of 11.3 tons clean coal per man day, However, this figure is
nearly 20 percent above the 1975 national average productivity for
underground coal mining. It is recognized that underground mines. are .
not achieving such a high realization for their coal. However, they

~were- probably either developed before inflation raised mine instal- -

" latiom costsxto current levels, have lower mining costs, or may not

_be achieving a 15 percent rate of return after FIT over the life of
the mine.

. The selling price calculated for the Present Stage is utilized
_as- the realization for Stages I through IV. This constant selling

.. price allows a direct comparison of rates of return on investment
aftef:FIT for all five cases. All monies are in 1976 constant dollars.

and disregard the impact of future inflationm.

Income Tax o
The method used to calculate federal income tax 1is a standard
procedure and is documented by Weir. (81) The Present Stage through
Stage IV computations of income taxes are presented in Tables 7-15
through 7-19; Depreciation (from Table 7-4) 1s included in the pro=
~duction cost figure. Coal mining is allowed a deduction for depletion.
It is calculated at 10 percent of that gross selling‘pfice after ..
royalty, or 50 percent of the net income, whichever is less. As noted

- in the tables, the income tax at full production increases from $3.14 --

to $5.81 per clean ton as automation progresses to Stage IV.
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Table 7-15. Calculation of Present Stage Federal Income Tax
per Clean Ton.

Year Year Year Yeafs
1 2 .3 4=25-
_-Gross Sales 31.50  31.50  31.50. 31.50
 Less Royalty - -1.00 =1.00 =1.00 ~1.00
 Net Sales 30.50  30.50  30.50 30,50
~ Production Cost 32.48  23.37 22,43  21.90
Less Royalty -1.00 =1.00 =1.00 -1.00
Adjusted Production Cost 31.48 22.37 21.43 20.90
Net Income —— 8.13 9.07 5250
Depletion @ 10% of Net Sales 3.05 3,05 3.05
--Depletion @ 107 of Net Income 4.07  -4,53 .. 4.80 .
Gross Sales 31.50 31.50 31.50 = 31.50
Production Cost 32.48  23.37  22.43 21.90
Net Income g 8.13  9.07  9:60
Less Depletion Allowance -3.05 -3,05 -3.05 -3.05
Taxable Income °5.08 -6.02- - 6.55

Income Tax @ 48% 2,44 2.89 - - 3.14




Table 7-16.

Calculation of Stage I Federal Income Tax

per Clean Ton
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Year

Years

T e e e Year Year
1 2 3 hym?S

. Gross Sales 3i,50 31.50 31.50 31.50
Less Royalty. =1.00 -1.00 -1.00 -1,00
Net Sales 30.50  30.50  30.50 30.50
Productien Cost 29.93  21.56  20.69 20.20
Less Royalty -1.00 -1.00  -1.00 -1.00
~Adjusted Production Cost 28.93  20.56  19.69  19.20
Net Income 1.57 9.94 10.81 11.30
'Depletion @ 107 of Net Sales 3.05 3.05 3.05 3.05
Depletion @ 107 of Net Income 0.79 4,97 5.41 5.65
Gross Sales 31.50 31.50 31.50 31.50
Production post 29.93 21.56  20.69- 20.20
Net Income 1,57 9.94 10.81 11.30

Less Depletion Allowance 0.79 3.05 --3.05 -- 3.05--
Taxable Income 0.78 6.89 - 7.76 8.25
Income Tax @ 3.31 3.72 3.96

482 0.37




Table 7-17. Calculation of Stage II Federal Income-Tax

per Clean Ton.
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Year Year 4w§ééxé -
_ e — _ 1 2 .3 ... 4=25
Gross Sales 31.50 31.50 - 31.50 31.50
- Less Royalty- -1.00 _-1.00 ---1.00 ~1.00
Net Sales 30.50 30.50  30.50 30.50
Production Cost 27.16 19.53  18.73 18.29
L _Less Royalty ~1.00 -1.00 _=-1.00 ~1.00
Adjusted Production Cost 26.16 18.53  17.73 17.29 .
. . Net Income ' 4.34 11.97 12.77 13.21
Depletion @ 10%Z of Net Sales 3.05 3.05  3.05 3.05
Depletion @ 50% of Net Income 2.17 5.99  6.39 6.61
Gross Sales 31.50 31.50  31.50 31.50
Production Cost 27.16 19.53 - 18.73 18.29
* Net Income 4.34 11.97 - 12.77 S 13.21
Less Depletion Allowance -2.17 -3.05 --=3.05 =3.05 -
Taxable Income 2.17 8.92 9.72 10.16
Income Tax @ 48% 1.04 4.28 - - 4,67 - 4.88




Table 7-18.

Calculation of Stage III Federal Income Tax

per Clean Ton
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Year

Years

} Year Year
- 1 2 3 _4=25
Gross Sales 31.50 31.50 31.50 31.50
Lgss pralty' -1.00 -1.00 -1.00 -1.00
Net.Sales 30.50 30.50  30.50  30.50
Production Cost 25.12 .18.05 17.32 16.91
Less Royalty -1.00 -1.00 -1.00 -1.00
Adjusted Production Cost 24.12 17.05  16.32  15.91
Net Income 6.38 13.45 14.18 14.59
Depletion @ 10% of Net Sales 3.05 3.05 3.05 3.05
Depletion @ 507 of Net Income 3.19 6.73 7.09 7.30
Gross Sales 31.50 31.50 31.50 31.50
. Production Cost 25.12 18.05 _17.32 16.91
Net Income ) 6.38 . 13.45 14.18  14.59
Less Depletion Allowance -3.05 -3.05 -3.05 - -3.05
Taxable Income 3.33 10.40  11.13  11.54
Income Tax @ 487 1.60 4.99 5.34 5.54




Table 7-19. Calculation of Stage IV Federal Income Tax

per Clean Ton

181

T e e Year Year @~ Year = Years
L 2 3425

Gross Sales 31.50 31.50 31.50 31.50
Less Royalty - -1.00 -1.00 -1.00 -1.00
Net Sales 30.50 30.50  30.50 30.50
Production Cost 24.22 17.44  °16.73  16.34
Less Royalty -1.00 -1.00 _-1.00 _=1.00
Adjusted Production Cost 23.22 16.44  15.73 15.34
Net Income | 7.28 14.06 14,77 15.16
Depletion @ 10% of Net Sales 3.05 3.05  3.05  3.05
Depletion @ 50% of Net Income 3.64 7.03 7.39 7.58
Gross Sales 31.50 31.50 . 31.50  31.50
Production Cost 24.22 16.44 - 15.73 15.34
Net Income 7.28 14.06  14.77.  15.16
Less Depletion Allowance 3.05 3.05  3.05 3.05
Tazable Income 4.23 11.01  11.72  12.11
Income Tax @ 48% 2.03 5.28 . 5.63 5.81
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Profitability Index

The previously computed items for all five cases (production,

incoﬁe, capital investment, operating expense, and income tax) are

- used to compute the cash flow shown in Tables 7-20 through 7-24.

- First the income is determined by multiplying the selling price per

ton ($31.50)»by the annual production increment. Then the total
expense ibperating expense before decpreciation plus income tax) is
presented year-by-yéar. The difference between the income and total
expense 1s the annual cash flow.

In Tables 7-20 through 7-24 the present value of the summed
-annual initial replacement capital expenditures at selected interest

rates 1s entered in column A and the present value of the annual cash

_-_flows at the same interest rates are entered in column B, Instead of .

calculating the present worth year-by-year when the cash flow or
expenditure is constant for several years, the discounting factors were
sumed over that period and the total multiplied by the constant dollar
amount. Both columns are totaled and the A/B ratio of present worth
expenditures (A) to present worth income (B) 1s computed. The factors
used to determine the present value of the incremental annual expendi-
tures and receipts are listed in Reul's article. (59) The assumptions
of continuous compounding and continuous receipt and expenditure of |
funds are built into these present worth factors.

.. Since it is highly unlikely that any of the interest rates selected
will produce the unity A/B ratio desired - except the 15 percent rate

for the Present Case - the graph in Figure 7-1 was constructed to



Table '7-20. Calculation 'of the Profitability

ol
[
®
L

"o
II’F

WD SN OWE W NN W

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Total

f

Expense

¢

Indéx for the Present Stage

1

Thousand Initial Replacement Income Before Depreciation Income Total Cash . A B A B A B
Annual  Capital Capital @ $31.50/ton Depreciation $3.50/ton Tax Expense Flowback 10X 102 202 20% 15% 15%
Clean (Thousand (Thousand (Thousand (Thougand (Thousand  (Thousand (Thousand (Thousand

Tons Dollars) Dollars) Dollars) Dollars) Dollars) Dollars) Dollars) Dollars)
1750 2249 2888 2548
9787 11275 13340 12263
10012 10533 11083 10803
220 11067 6930 6376 770 - 6376 554 10536 527 10038 502 10281 515
550 10100 17325 10930 1925 1342 12272 5053 8696 4351 7484 3744 8070 4037
770 1415 24255 14573 2695 2225 16798 7457 1102 5809 860 4534 974 5130
990 31185 18216 3465 3109 21325 9860
2500
2500x 2500x 2500x
1 3.859= 1.171= 2.088~
2500 9648 2928 5220
9860x 9860x 9860x
: : ] A : » ' 6.587= 2,711 4.095=
990 ' 31185 18216 3465 3109 21325 9360 . ' 64948 26730 40377
23320 44131 37500 734580 ' 432631 81620 71965 5U4596 229984 54039 75635 48621 35510 50159 50059
‘ ‘ : . . ‘ A/L = A/B = A/B =
‘ 0.714 1.369 1.002 .

€8T




Table 7-21. Calculation of the Profitability Index for Stage I

Expense
Thousand Initial Replacement Income Before Depreclation Income Total Cash S A B A B A B
Annual  Capital =~ Capital @ $31.50/ton Depreciation  $3.25/ton Tax Expense Flowback  15% 15% 202 202 52 25%
Clean  (Thousand {Thousand {Thousand {Thousand (Thousand (Thousand (Thousand (Thousand
Year Tons Dollaxs) Dollars) Dollars) Dollars) Dollars) Dollars) Dollars) Dollars)
P-3 2017 ’ 2937 3328 3778
p-2 11280 14134 15375 16446
P-1 11539 12451 12774 13108
1 273 12755 8600 7285 887 101 7386 1214 11849 - 1128 11569 1101 11288 1074
2 682 11640 21483 12489 2217 2257 14746 6737 9300 5383 8625 4992 8020 4642
3 955 1631 30083 16652 3104 3553 20205 9878 1122 6796 991 6006 876 5304
4 1228 38682 20815 3991 4863 25678 13004
5
6
7
8 2882
9
10
11
12
13
14
15
16
17
18
19
20 2882x 2882x 2882x
21 2.088= 1.171= 0.680=
22 2882 6018 3375 1960
23 13004x 13004x 13004x
24 4.095= 2.711= 1.884=
25 1228 38682 20815 3991 4863 25678 13004 53251 35254 24500
Total 28926 50862 43230 911170 494356 94010 112897 607253 303917 57811 66558 56037 47353 55476 35520
A/B = A/B = A/B =
L 0.869 1.183 1.562°

v8T



Table 7-22. Calculation of the Profitability Index for Stage II ..

Expense )

Thousand Initial Replacement Income Before Depreciation Income Total Cash A B A B A B
Annual  Capital Capital @ $31.50/ton Depreciation $2.86/ton Tax Expense Flowback 152 152 20% 20% 252 25%
Clean (Thousand (Thousand {Thousand {Thousand {The d (Thc d (Thousand (Thousand

Year Tons Dollars) Dollars) Dollars) Dollars) Dollars) Dollars) Dollars) Dollars)
P-3 2634 . : 3835 4346 4933
B-2 14732 18459 20080 21479
P-1 15071 16262 16684 17121
1 405 16659 12758 9840 1158 421 10261 2497 15476 2320 15110 2265 14743 2210
2 1012 15203 31878 16868 . 2894 4331 21199 10679 12147 8533 11265 7913 10475 7358
3 1417 2130 44636 22490 4053 6617 29107 15529 1465 10684 1295 9442 1144 8339
4 1822 57393 28113 5211 8891 37004 20389
5 .
6
7
8 3764
9
10
11
12
13
14
15
16
17
18
19 :
20 3764x 3764x 3764x
21 2.088= 1.171= 0,680=
22 3764 7859 4408 2560
23 20389x 20389x 20389x
24 4.095= 2.711= 1.884=
25 1822 57393 28113 5211 8891 37004 20389 - 83493 55275 38413
Total 42918 66428 56460 1351918 667684 122747 206971 874655 477263 75503 105030 73188 74895 72455 56320
A/B = A/B = A/B =
0.719 0.977 1.286

c8T
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7-23. Calculation of the Profitability Index for Stage IIX

Expense

Thousand Initial Replacement Income Before Depreciation Income Total Cash A B A B A B
Annual  Capital Capital @ $31.50/ton Depreciation $2.63/ton Tax Expense Flowback 15% 15% 20X 20% 25% 25%
Clean  (Thousand (Thousand (Thousand (Thousand (Thousand (Thousand (Thousand (Thousand

Tons Dollars) Dollars) Dollars) Dollars) Dollars) Dollars) Dollars) Dollars)
3490 ' 5081 5759 6537
19519 24457 26604 28459
19968 21545 22105 22684
581 22072 18302 13065 1528 930 13995 4307 20505 4001 20019 3906 19534 3812
1452 20143 45738 22397 3819 1245 29642 16096 16094 12861 14926 11927 13879 11090
2033 2822 64040 29862 5347 10856 40718 23322 1942 16046 1716 14180 1515 12524
2614 82341 37328 6875 14482 51810 30531
4987
4987x 4987x 4987x
2.088= 1.171= 0.680=
4987 10413 5840 3391
30531x 30531x 30531x
4.095= 2.711= 1.884=
2614 82341 37328 6875 14482 51810 30531 - 125024 82770 57520
61844 88014 714805 1939582 . 886540 161944 337635 432175 737407 100037 157932 96969 112783 93999 84946
’ : A/B = A/B = A/B =
0.633 0.86C 1.13b

98T



Table 7-24. Calculation of the Profitability Index for Stage IV

fear
P-3
p-2
P-1
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NN
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Total

Expense N
Thousand Initial Replacement Income Before Depreciation Income Total Cash A B A B A B
Annual  Capital Capital @ $31.50/ton Depreciation $2.63/ton Tax Expense Flowback 15% 15% 20% 20% 255 25%
Clean  (Thousand (Thousand (Thousand (Thousand (Thousand  (Thousand (Thousand (Thousand
Tons Dollars) Dollars) Dollars) Dollars)- Dollars) Dollars) Dollars) _Dollars)
3940 5737 7380 6501
22037 27612 32152 30036
22544 24325 25610 24936
660 24919 20790 14252 1736 1340 15592 5198 23150 4829 22053 4600 22602 4715
1650 22742 51975 24431 4340 8712 33143 18832 18171 15047 15669 12975 16652 13955
2310 3186 72765 32575 6075 13005 45580 27185 2192 18703 1711 14598 1937 16528
2970 93555 40719 7811 17256 57975 35580
5631
5631x 5631x 5631x
2,088+ 0.680= 1.171=
5631 11758 3829 6594
35580x 35580x 35580x%
4.095= 1.884x 2.711=
2970 93555 40719 7811 17256 57975 35580 - 145700 67033 964517
69960 99368 84465 2203740 967076 183993 402689 1369765 833975 112945 184279 108434 99204 109468 131655
A/B = A/B = A/B =,
0.613 1.092 0.331°

L8T
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interpolate between the selected interest rates for the proper rate
of return at unity. ‘The rates of return for each case resulting
from the calculations and graphical interpolation are 15 percent,

17 percent, 20 percent, 22.5 percent, and 23 percent for the Present
Stage through Stage IV, respectively. This is Q 53 percent increase

in the PI rate of return between the Present Stage and Stage IV.

Resulté“‘

Table 7-25 summarizes the economics of automation and remote
control for the case study mine. If automation technology were
applied to the mine described as the Present Stage, it is anticipated
that the figures listed for Stages I through IV would result. Even
though the number of employees and the capital investment increases
through the automation progression, gains in production improvelboth

tons per manshift and investment per annual ton.




Table 7-25.

Economic Summary (Clean Coal Basis)

Annual Initial Initial PI

Production Tons /man Investment Investment/ Total Rate of

Stage Tons (M) shift (M) Annual Ton Cost/Ton* Return**

Present 990 11.3 $44,131 $44.58 $21.90 15%
I 1228 13.0 $50,862 $41.42 $20.20 17%
11 1822 15,6 $66,428 $36.46 $18.29 20%

I1I 2614 19.6 $88,014 $33.67 $16,91 22.,5%
v 2970 21.8 $99,368 $33.46 $16.34 23%

* Including depreciation

**% After federal income taxes

06T
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Chapter 8
PSYCHOLOGICAL AND ORGANIZATIONAL IMPACT

Introduction

Automation and remote control will increase the importance and
change the nature of the mine workers'job, vary the structure of manage=
ment, and modify the interrelations between many groups of employees.

It is dif?icult'to predict how miners and ﬁine operators will be
affegted or exactly what their reactions will be. However, by combin-
ing the experience of the effects of automation in other industries with
the technological advancements and resulting variations in job functionms,
personnel deployment, productivity, safety, and economics reported
herein, many beneficial changes as well aé changes that could cause
problems can be postulated.

Upon being made aware of possible problem areas, research investi-
gatibns.and discussions aﬁong concerned industry representatives can
propose actions to prevent or minimize the anticipated negative
effects. The authors' advance several general solutions based on their
knowledge of the subject, but more specific in depth investigation is
required.

Studying the effects of the introduction of automation technology
on the human factors in other industries does not tell the whole story
of what will happen in underground coal mines. Most written reports of
the psychological and sociological impacts stem from manufacturing
plants and assembly line operations. Mining, with its inherent mobil-
ity, restricted working space and unpredictable Hazardous environment
creates problems that manufacturing industries have not had to face.

Consequenﬁly, the changes in worker psychology are not exactly the same.




192

However, certain generalities are similar. The automation of aircraft
presents more similarities. Even though a product - other than passenger
transportation - is not produced in aviation, mobility of equipment and
variable environmental conditions (nature) exist and require guidance
and environmental sensing systems.

Another aspect of mining automation that has important human factor
implicaﬁiqns is its variation in degree or level of technology applied
to different job functions. Some jobs, such as cutting and loading are
more obviously benefited by automation in a profitability sense than
others such as laying pipe or installing trolley wire. Therefore,
workers controlling a highly automated machine will be interacting with
manually or mechanically oriented occupations. Further investigation is
needed to identify the extent to which lesser job levels can be economi-
cally automated to produce safer, easier, more profitable job functionms.

It must be remembered that automation is not expected to replace
the work of man, but rather to change its nature to a more pleasant
environment with increased safety and productivity. In this manner new
technology will assist in meeting the future increased demand for coal
at more competitive prices. It will definitely improve the marketing
position of underground coal in rélation to that from strip mines and
other competitive energy sources.

For automation to be successful, cooperation between management and
the union is essential. If both groups do not recognize the potential
mutual benefits and honestly try to make the new technology work, it
won't be profitable. In addition to the most obvious benefits of safety,
more comfortable working conditions, less physical labor, improved pay,

and better job security,the union miner will be in a position similar to
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the pilot of a modern jet airplane. In the later stages of automation,
he will be spending much time in a comfortable, environmentally pleasant
control station observing ﬁhe feedback output data from several monitor-
ing systems in the working area with occasional periods of service and
machine adjustment. The initial stages of automation will result in
jobs that are very similar to the present, and the method and rate of
introdugtion are important parameters in the transition period.

The transition period or time is the administration and indoctrina-
tion from the present manual methods of operation to the requirements of
an efficient automated system. It presumes the prior successful
research and development of automated equipment and monitoring system.

It would include such items as -

Defining and describing new roles and job functions.
Training employees utilizing well-conceived resource
material.

Introduction and programming of automation technology
and monitoring systems.

Establishment of sophisticated maintemance and supply
control systems,

The transition period, progressing from the Present to the later
stages of automation, will be a time of adjustment before the long-range
benefits of automation and remote control can be enjoyéd. It may be a
difficult period because of the changing roles, responsibilities, and
interactions between employees. Improved communication and attempts to
anticipate problems on all 1e§els of management and in the union is
essential to a smooth tramsition. 1In order to avoid a large amount of

insecurity and anxiety, workers must understand their new jobs. That
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is, adequate planning and training are extremely important.

Effect on Union Workers

In order to anticipate what human factors problems might occur, it
is necessary to postulate how technological innovation might affect
workers' behavior. Occupational prestige is a big factor in job satisfac-
tion. Prestige depends on such factors.as skill levels, training requi-
sites, Waéés, gxtenﬁ of job éontrol, responsibility, and working environ-
ment. To be satisfied in his job, a worker should have some freedom and
control. In addition, he should be impressed wiéh the purpose and
function of his work and his place of work. Another important factor is
promotion on the basis of merit. 1If these things are present in accept-
able degrees, the worker tends to evaluate his job positively which
enforces his desire to do it wéll. The effecﬁs of automation on these
factors should be positive to obtain worker cooperation. We will now
discuss how these factors are affected by automation.

_Returning to the similarities with the pilot of a modern jet plane,
it is obvious that like the pilot a miner controlling a machine will
supervise several operations simultaneously. For example, the extraction
machine operator will monitor the cutting and loading functions and
their interface with haulage and roof-control. Additionally he will have
to be aware of the mechanical, hydraulic and electrical condition of the
machine. Environmental and roof-control monitoring system output data
will also be available to him. Consequently, he will be impressed with
the purpose of his work because he will have an overview of several
operations. He is not like an assembly line worker, that is, restricted

to methodically performing one small part of the total operation.
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Nevertheless, dealing'with several functions at one time stresses
the importance of communication and cooperation. The extraction machine
operator must exchange data with fellow workers responsible for the roof
control and haulage functions. He must consult with the foreman and/or
mechanical and electrical service if trouble develops. Many other inter-
actions are possible which in addition to the few mentioned indicate
cooperatiyeness and communication are essential to a smooth running
automatic system.

The control of a large, expensive extraction system will give the
worker a larger sense of self-value, and rightfully so: he is very
important. On the other hand, he has a large'reSponsibility because
minimizing delay time in such an expensive system is paramount. This
may result in mental or nervous fatigue if not properly arranged and
accommodated. The foreman and other workers should be arranged close
at hand for consultation and sharing of the responsibility when trouble
develops. In this manner the‘extraction machine operator reduces mental
stress by sharing problems with others.

As jobs are transferred and upgraded during the transition period,
workers may accept responsibility and decision~making reluctantly. They
may want to force the foreman to make all the decisions. The reluctance
may arise from a feeling of insecurity or lack of understanding about
the new job. They may not comprehend its functions‘at the outset.
Therefore, adequate and thorough training is extremely important. In
addition, the workers may not want to share the consequences of an
incorrect decision. They will probably require the foreman to be respon-
sible and properly so; the total section is his responsibility. Again,

training will smooth the issue.
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The concept of a production period and a service period during the
shift has several interesting consequences. First, physical labor is
reduced when the men are in the section control station during produc-
tion. But their jobs are not entirely confined to the control station
because they are required to travel ;o the working area for the service
period. = This somewhat divides the day into a mental and a physical activ-
ity perioéu ‘Consequently, boredom and monotony, which sometimes plagues
workers involved with automation jobs in manufacturing plants, is
reduced. Some rest, relaxation and personal time will be provided for
the workers through job scheduling with coworkers, In addition times
will be provided for planning and discussion with the foreman.

Another factor that workers may have difficulty adjusting to is a
machine that controls itself. It might be hard for a miner to accept the
fact that an automatic machine will do its job better if it is left -
alone - providing it is not malfunctioning. The operator may attempt to
adjust or change things that are perfectly all right to show his domi-
nance over the system or because he can't accept the fact that the
machine doesn't need his help. This problem reportedly occurred during
earlier automation experiences with the Joy Pushbutton Miner (61).

The operator will not be able to directly observe the machine
during the remote controlled production period. He must rely on a coded
form of machine actions and position plus TV . viewing to determine its
-status. This is a very different position from the current operations
- where feel, sound and sight are used to determiﬁe the necessary control.
Consequently, the operator will be tempted to shut down the system and
enter the face area if he doesn't trust the feedback data from monitor-

ing system sensors. Training and proper control station design (both
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of which are discussed later in this section) will minimize this
problem.

Undoubtedly, one of the greatest benefits of automation is improved
safety. The section workers will be in the secure control station
during production periods, The control station area, in addition to
providing a safe environment should also improve working conditions. It
should be roomy, comfortable, clean, dry and have temperature, noise,
and dust control, This will improve the overall health of the workers
besides protecting them from roof falls and isolating them from dangerous
machinery. Monitoring systems will provide data about the condition of
the working section environment that miners have never had available
before. Instead of relyipg solely on their own senses and variable
states of awareness for advance warning of hazérdous situations, workers
will be able to add knowledge gained from sensor data to their own
sensory perceptions. Men should benefit considerably from working in a
safer, cleaner, more comfortable environment. Again, the worker
becomes = during the production period -~ somewhat like a modern jet
pilot with copilot and navigator companions for assistance.

A workers' self~evaluation of his job many times reflects what his
close friends and family as well as society in general regard his job
to be, If it is a dangerous, 'labor intensive, and dirty occupation,
it may not be held in high esteem, Better conditions from automation
should improve the concept and regard that many people have about under-
ground coal mining, As a result, the coal miner's social standing will
be considerably upgraded.

Another positive social aspect stems from the reduction of physical
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labor. The underground coal mining industry should be a more desirable
place for women to work. Also, handicapped persons may find more job
opportunities in mining. However, any person employed underground must
have the training and capacity to deal effectively with the emergency
situations which may arise in coal mining.

_Finally workers could be affected by possible variations in shift
length an@:number of consecutive days worked. Even though the analysis
contained in this report was entirely based on an eight-hour day and
five days per week, this doesn't mean that it is the most efficient
schedule for an automated mine. With the reduction in physical effort
and increase in capital expenditure per machine, longer shifts and modi-
fications in days per week may be a more productive system. However, it
is recognized that the agreement and the consent of the union is

necessary to initiate a different schedule successfully.

Effect on Management

Automation and remote control will also produce changes in manage- = -
ment. It will place much greater emphasis on the planning and service
support activities that management performs. And especially during the
transition period, the changing roles of both union and management can
cause considerable friction if not well-planned and coordinated. In
fact many of the changes will occur in areas not common to the document
upon which most union - management relations exist - the United Mine
Workers Contract. Therefore, arbitration may be necessary in a broader
range of union-management disputes unless provisions are made in the
contract for the advancements in technology proposed in this report. An

in-depth study of possible conflict areas and ways of modifying the
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existing wage agreement to reduce the friction that will occur during
the transition period is needed.

The transition phase will magnify the need for clear communication
between labor and management. Managers must think of new innovations
impact on wérkers and what will result within the framework of the
contract. Both sides must spend more time discussing the possible impli-
cations of: future advancements and attempt to "iron-out" problems before
they_develop rather than waiting for a #iolation of the contract to sit
down and talk. In short, more meetings must be held for the purpose of
planning and informing with the hopeful outcome of reducing grievance

meetings.

| One of the most interesting areas of change in the maﬁagement role
% is preparing workers to a;cept more responsibility and make more deci-

| sions. In other words, supeiﬁision will be more subtle. Foremen will
provide workers with the materials and training neéessary to accomplish
a task; for example, control the AES machine. Then the foreman must not
interfere unless the worker requests assistance or is obviously doing
the job incorrectly. In effect, the foreman is no longer a ''pusher"
because automated machinery will operate at the predetermined pace

without worker or management interference. Rather management becomes

an instructor and a resource.persoﬁ who is available to the technical
servicemen in time of trouble.

In order to properly utilize automation technoiogy a number of
nonsupervisory technicians will be added to the management ranks. These
people will specialize in certain aspects of automation technology - for

example - computer technicians. Engineers, another nonsupervisory
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management group, will also increase in number (refer to Table 5-2).
Increased technical staff is a direct result of increased sophistication
in equipment such as monitoring systems and computers. Miners would not
be expected to calibra;e sensors or program computers.

_ With the introduction of a greater amount of sophisticated equip-
ment and the increased capital expenditure for such equipment, mainte-
nance becomes more important. Additionally, present mining machines keep
on producing sbme coal even when they aren't functioning properly. This
probably will not be the case with remote controlled, automated equip-
ment. There are many additiomal items on automated machines that could
result in delay time - sensors, for instance. The increased possibility
for delays and the additional cost associated with them will increase
both the number and the rank of maintenance supervisors in management.
In fact, tbe maintenance'department will need several mechanical,
electrical; and design engineers to provide information and control for
the more complicated machines and monitoring systems. (Again refer to
Table 5-2.) The experience of most manufacturing and processing indus=
tries verifies the increased scope and importance of the maintenance
department in an automated plant (1 ). Referring again to the aviation
industry, when the mechanics say "don't fly it" the plane is grounded.
The same will probably apply in an automated mining sectiomn. However,
the operation of only two out of three available shifts per mining
section and thé availability of a spare section when not moving gives
relocation areas for crews in the event of a major equipment outage.
However, this requires close coordination with other mining services

such as maintenance and supply.
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Automation will probably require a higher level of technical under-
standing of supervisors. However, if the front line supervision can
call on engineering assistance at will this problem may not be severe.
On the other hand, supervisors may need engiﬁeering backgrounds to
maintain the technical competence necessary in the more complicated
system.

The }arge amount of data available from the sensing systems can be
used‘both as feedback for controlling mining systems and to inform
management of conditions which will improve the decision making process.
Computers are rééﬁired to process the data quickly so immediate actionm
can be taken if required or to store the data as a historical basis for
comparison studies. Utilizing a computer in this fashion will eliminate
a considerable amount of clerical work particularly if it is used in the
supply-inventory-purchasing and worker check-in jobs. Computers can't
provide the answers to mining problems that require the judgment of a
man or the experience of a practical miner, but they will be an integral
part of the decision making process by proviﬁing data that compliments
experience and helps to form opinions.

Computer programming as well as data processing will becoﬁé a sig-
nificant new job at an automated mine. The initial programming time
required during the transition period will be minimized if research
projects develop universal programs. Initially, however, decisions on
which programs should be produced are necessary. Obviously, the data
from environmental and roof-control monitoring systems needs to be
Ainterfaced with the data describing the operation of the section equip-
ment. Programs which can be used to order supplies for the sections

that automatically dictates inventory and purchasing are also
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advantageous. Maintenance data banks that printout necessary preventa-
tive maintenance orders and store maintenance history descriptions of
all pieces of equipment would be beneficial. A system of checking men
in and out of the mine which automatically keeps track of time and com-
puter wages is another useful program. There may be many others.
Reprogramming and computer maintenance will prove to be ongoing jobs
after the.transition period has resulted in the initial program
inst;llations.

If supervisors know the areas that computers can aid them, better
decisions and more comprehensive future planning will be the conse-
quence. This points to training mamagers, not in computer programming
since technicians can be utilized, but in how to use computers effective-
ly to produce information that can help them make more profitable
decisions and plans. One of the biggest hinderances to managers in the
mining industry today is lack of quantitative information. Automated
mining sensing systems and computerized data processing and storage

should improve the situation immensely.

Training e

The increased importance of training for workers in automatic
systems has already been discussed; In review, the transition period
- where job functions and work roles are changing, training is extremely
. important to reinstill self-confidence and achieve an acceptable level
of performance from the new equipment. Also, a lack of personnel having
the essential skills will impede the advancement of automation.
Finally, automation technology will probably advance quickly even after

the transition period, requiring continued training.
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Management and union emﬁloyees will require training in a number of
areas. Some of the most obvious are discussed here. Management must be
knowledgeable in the field of computer science. Specifically, they
should be able to direct computer technicians to provide the necessary
information to assist them in total job preplanning and forecasting,
evaluation of équipment performance, decision making for new projects,
and operating costs analyses.  This does not imply that managers should
be computer programmers, but they should be aware of the potential use-
fulness of the computer in providing information to them. They should
understand the capabilities and restrictions of various computer systems
so they can'sélect the one best’.suited-to’their needs.

Since the burden of forming good labor-management relations usually
falls on management, a considerable amount of training must be done in
this area. The changing roles of both managers (supervisors and techni-
cal-staff) and uﬁion workers will require improved communication channels
to discuss differences. Consequently, supervisors should be trained in
how to conduct meetings with their workers, because the amount of discus-
sion necessary for both sides to understand the problems of the other
will result in increased meeting time. So production does not suffer
excessively, the meetings must be conducted efficiently to get the maxi-
mum‘information exchange in the shortest possible time.

Supervisors and union workers will also be invplved in several
one-to-one sessions concerning the changing roles of both parties. Prep-
aration about how to react and handle these situations involves another
training exercise. 1In particular, the supervisor should b€ informed of

the probable psychological consequences of automation on his crew
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members. He should be able to anticipate these reactions and Be prepar-
ed to deal with them. Specifically, the supervisor might be trained to
help union employees adjust to controlling a system rather than omne
machine, communicating and cooperating with other workers in their work
group, accepting responsibility for an expensive min%ng system, trans=-
ferring to a new job role, making decisions based on information, not
interfering with an automatic machine, and accepting a coded form of
machine actions rather than direct visual contact.

Training should be iﬁitiated to those persons responsible for pre-
venting, participating in, and arbitrating grievances of possible UMWA
contract violations. The current contract does not envisage a large
scale transition to automation in the underground coal mining iﬁdustry°

In other words, new job titles, work functions, and the changing
position between labér and management are not anticipated in the -
contract. Therefore, as automation is introduced, several disputes may
arise for which there are no clear~cut agreements and no set precedents.
This will lead to a need for training as to what contract provisions
might apply and how the worker's immediate supervisor should handle such
a situation to prevent initiating a grievance proceeding or hastily
setting a precedent that would be unfair to either party. |

Labor-management relations will improve if union workers are train-
ed in the several areas previously alluded to in this chapter. Training
that will prepare workers to review information from monitoring systems,
utilize the information to make decisions about service and maintenance
séhedules and to be willing to perform this type of work in place of

the current hands-on-the machine manual control jobs. Instruction in
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communication skills are needed for union workers who will have to inter-
face and share data with other employees, specifically explain machine
condition problems to supervisors, and read section maps and
electrical-mechanical-hydraulic blue prints.

_ The union worker controlling a mining system must be constantly
aware of the various information outputs that are available to him. He
must be trained to anticipate certain occurrences if the data outputs
form a recognized pattern. And he must be able to adapt to unpreceden-
ted information patterns and occurrences.- In other words, he must be
trained to be reéponsive to the environment of a remote-control station.
Quick scanning and interpretation of data is a specific training subject
that will be important for the machine controller.

In addition to the remote-control operation,bthe machine must be
operated during the service period from a direct wvisual observation
positioh for tufning crosscuts and changing entry position. So he must
be trained in manual operation mode of automatic equipment as well as
remote mode. The combination of the two operating positions may give
the operator enough confidence in the automatic machine that he will let
it  alone during the production period. If not, a training program to
assist the operator to develop confidence in the machine's self-control

"capabilities is required to prevent him from interfering with the
automatic operation..

Since there is a shortage of skilled mechanics and electricians at
present in the underground coal industry, the introduction of more
sophisticated equipment will compound the problem. Training programs
in electrical (including solid state technology), mechanical, and hydrau-

lic systems for automatic mining equipment are definitely necessary.
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Particular emphasis should be paid to diagnosis because component
change-out rather than repair will be the most practical maintenance
techniﬁue.

Before training programs can be developed, a step-by-step job
description must be written for each new piece of automated equipment
and monitoring'system.- Detailed operating, service, and maintenance
manuals should be an integral part of every research program to
develop automated equipment. In addition to specific job steps for each
piece of equipment, the total section working group respomsibilities
including the interactions required between personnel must be defined.
Workmen must be trained in a check procedure for hazardous conditions
to be followed before anyone enters the face area immediately after a
production period.

Once the detailed job steps are established, training programs can
be.developed and implemented. Again, similar to a pilot in the airline
industry, surface training for miners compatible to the preflight
instruction for new pilots could be utilized. This should be followed
by "flight instruction,' that is, underground operation of the equipment
with-a skilled operator instructor performing first and then observing.
by the trainee's side. Qualifications of operator instructions must be
established.

Training efficiency, costs, and time can be improved by standardiz-
ing section layouts and equipment in addition to training everyome on
the section to perform each job. Standardized equipment and monitoring
systems (the same in every section) would make it easier to transfer
men between sections which may be necessitated by absenteeism. Also,

roving maintenance personnel would be easier to train.
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‘At any rate, training costs will be significant in an automated
mine. Consequently, prospective employees muét be evaluated carefully.
If not, uninterested trainees may eventally drop out or quit work after
a short while with the company investment in training lost. Methods of
determining the aptitude of prospective employees should also be utiliz-
ed so a new worker is trained for.a job he can do well as well as one
he is interested in.

The attractive nature of the job and the job security it presents
should enhance the workerﬁsdesire to participate in the necessary

training programs.

Human Engineering in Equipment and System Design

Human engineering is very important in the design of automated
equipmenﬁ from the standpoint of acceptance by operators, improved
operational efficiency, and maintainability. The adjustment that workers
will have to make from present equipment to automated machinery will be
easier if the automated equipment controls are easylfor the worker to
understand and adapt to.
| In addition, the supervisory control data displays should be de-
signed to produce an easily understood format that facilitates rapid
reading and interpretation of data. So the operator does not have to
continuously observe the data screens, audible warning signals and
summary paper printouts will be necessary.

Computer graphics will aid the operator in understanding the machine
position in relation to other equipment and the physical features of the
mine. Also, graphic information 6 unlike television camera pictures, can

be stored in a digital fashion for recall at a later time. This will
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aid foremen in communicating production and service job progress to
each other when they change shifts. A comfortable, temperature con-
trolled environment should be present in the remote console station
- to improve the efficiency of personnel and preserve the operating
conition of the sophisticated— electronic control equipment.

Equipment‘design should promote the concépt of total mining
system COmﬁatibility rather than a group of separate, distinct machines.
If total system design including all of the 20 jobs listed in Chapter 3
is utilized and the sections are standardized, coordination between
equipment operations within the section will be easier and more
efficient. Training for operation, service,::and maintenance will be
simplified and worker performance will improve.

Equipment should be human engineered for ease of maintenance in
addition to ease of operation. Simplified methods of troubleshooting
and parts replacement with adequate working room will decrease mainten-
ance period times. Sensors for monitoring should be easily moved and
calibrated for the same reason. In addition, minor unimportant defects
in equipment should not be allowed to stop production. They should be
transmitted to the maintenance supervisor for scheduled repair.

Properly engineered, automated machinery may produce two very
important results. First, the greater precision resulting in sensor
controlled cutting limits should produce a more even roof and floor and .
a consistent intersection area. Consequently, ground control will be
improved. 'Second, the operator will spend less time controlling the
equipment and operator abuse should decrease: In fact, equipment should

have built-in shutdown features that prevent abuse.
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Chapter 9
SUMMARY
This study investigate& the levels of mechanization, automation,
monitoring, and remote control which may feasibly be applied to
the various job functions ihAﬁnderground coal mining, based on
health aﬁd safety, economic, and humanistic considerations.

It was found that an automated continuous mining coal production

. section will make significant improvements in:

a. accident frequency,

b. unit section production,

c. productivity per manshift, .

d. rate of return on invested capital, and

e. worker environment.

The concepts of job mechanization, work elemént automation, mining
section condition monitoring, and machine system integration were
logically applied with an engineering analysis of the effects on
health and safety, economics, and human factors.

A case study of a hypothetical mine with a partial mining practice
in the Northern West Virginia panhandle area was utilized. The
measﬁre used to evaluate the innovation of improvement of auto-
mation on the case study mine was the extent to which it permitted
the mine to expand and approach its ''theoretically possible"
capacity in a safe, economical, and envirommentally desirable
working arrangement. Therefore, the case study mine was allowed

to expand in total mine production as the unit shift production
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for nine operating sections increased with the additiomal

stages of mechanization and automation.

5. The development of automated continuous mining was projected

to progress from the Present Stage of continuous mining through

four distinct stages:

Stage 1 -
Stage II =
Stage III -
Stage IV @ -

The National Mine Service Company AES type of
machine combining cutting-loading, roof support,
ventilation, and dust control are individually
operator performed. Au#iliary services are
similar to present.

The AES machine functions are activated by a
single operator for automatic performance. Face
haulage is by bridge conveyor. Other ancillary
operations are increasingly mechanized.

The AES machine, face haulage and a limited amount
of ancillary services are systems integrated for
concurrent operation. Monitoring>systems will be
applied.

A remote control mode of operation is applied to
Stage III. Planned service and maintenance periods
are scheduled in the shift for those ancillary
operations that cannot practically be system

integrated.

6. Twenty mining section job functions were identified and examined

were:

- for projected impact of automation. These respective functions



1. cutting and loading,

2.v face haulage,

3. section roof control,

4. section face ventilation,

5. section ventilation,

6. trailing power cable handling, .

7. moving section power center,
- 8. section belt moveup,
9. section belt cleanup, -

10. section rock dusting,

11.
12.
13.
14.
15.
ls6.
17.
18.
19.

20.

C - 211

roof testing,

methane measurement,

mine examinations,

section supply handling,
fresh water and drainage,
equipment service,
maintenance,

monitoring systems,
spillage‘and roadway cleanup,

miscellaneous.

7. The typical Present Stage production section equipment utilized

was:

1. l~cqn;iﬁ&ous miner,

2. 1-pick up loader,

3. 2-shuttle cars,

4, 2~roof bolters on miner,

N

5. 1-"touch~up"” bolter, and

6. 1l-face fan.

and
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The projected production section equipment and monitoring systems

utilized in the respective future stages was:

Table 9-1. Projected Production Section Equipment
Stage Stage Stage Stage
I II IIT IV

1-AES Machine

2=Shuttle Cars

4=Roof Bolters
on AES

1-"Touch~up"
Bolter

2=Fans on AES

1-AES Machine

3-Mobile Bridge
Carriers

4-Mobile Bridges

1-Shuttle Car*

4~Roof Bolters
on AES

1-"Touch~up"
Bolter

2=Fans on AES

1-AES Machine

3~-Mobile Bridge
Carriers

4-Mobile Bridges

1-Shuttle Car*

4=Roof Bolters
on AES

1-"Touch-up”
Bolter

2=Fans on AES

1~Face équipment

Integration.
System

1-Roof
Condition

1-Mine
Environment

1-Electrical
1-Water.

1-Equipment
Status

Monitoring

1-AES Machine

3~Mobile Bridge
Carriers

4~Mobile Bridges
l-Shuttle Car*

4=Roof Bolters
on AES

1-"Touch~up™
Bolter

2-Fans on AES

1-Face Equipment
Integration
System

Systems

1-Roof
Condition

1-Mine
Environment

l-Electrical
l~Water

1-Equipment
Status

* Utilized for haulage at locations inaccessible to the bridge

conveyor,
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The typical present production was:

TABLE 9-2. Present Production

Production per Unit Shift
Raw tons
Clean tons

No. Unit Shifts per day
Mine Tﬁns per day
Raw tons
Clean toms
Operating Days per year
Total Tons per year (000)

Raw tons
Clean tons

310
250

18
5,580
4,500

220

1,228
990

The projected production for the respective stages was::

TABLE 9-3. Projected Production

""Production per Unit . Shift

Raw tons
Clean tons

. No. Unit Shifts per day

Mine Tons per day
Raw toms
Clean tons

Operating Days per year

Total Tons per year (000)

Raw tons
Clean tons

Stage Stage " Stage Stage
I IT “II1 IV
380 560 800 1920
310 460 660 750

18 18 18 18

6,840 10,080 14,400 16,560

5,580 8,280 11,880 13,500
220 220 220 220

1,505 2,218 3,168 3,643

1,227 1,822 2,614 2,970

215
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The projected effect of section automation on mine personnel and

productivity was:

TABLE 9-4.

12. The calculated accident frequency summary for the Present Stage

Unit Tons.per Shift, Clean Coal

Section Crew
No Men

Tons per Shift man,cc

TOTAL MINE

Total Men

Tons per man shift, clean

coal

Projected Productivity

STAGES
Present I I1 I11 Iv
250 310 460 |660 | 750

9 8 9 7 6

"27.8 38.8| 51.1]94.37] 125.0
400 430 |531 |607 | 618

11.3 | 13.0 |15.6 [19.6] 21.8

through Stage IV was:

TABLE 9-5.

Accident Frequency Summary

— Frequency Percent of Present Frggpehcy o
per 1,000,000 per 1,000,000 per 1,000,000 per 1,000,000
I man hrs. tons man hrs. tons _
Present - 42.8 30.4 100 100
Stage 1 - 37.5 23.0 87 76
Stage II 33.7 17.3 79 57
Stage III 29.2 11.8 68 39
Stage IV 24.2 8.8 56 29
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The initial investment, total cost per ton, and Profitability
Index rate of return for the respective stages at a selected mine
realization of $31.50 per ton was calculated to be:

TABLE 9-6. Profitability Summary
(Clean Coal Basis)

Initial Initial PI

Investment Investment/ Total Rate of

_Stage M) Annual Ton Cost/Ton* Return**
Present ' $44,131° $44 .58 1$21.90 15%
I $50,862" $41.42 :$20.20 177
II $66:428. $36.46 “$18.29 20%

IIT $88,014 $33.67 $16.91 22.5%
v $99,368 $33.46 $16.34 23%

% Including depreciation

*% After federal income taxes

Two levels of monitoring and control stations are projected in -

automated remote mining. These are the section remote console, and

. the-central mine console. The section shift operations are divided

into two major components;
Production time - Personmel absent from the immediate
face area. Machine operations are controlled from
the section remote comnsole station.
Service time - Personnel present in the immediate face
area primarily for planned or emergency service and

maintenance, machine turns, or place changes.
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The psychological and organizational impact of automated continuous

mining, due to its inherent mobility, restricted working space,

and unpredictable hazardous natural environment is considered more
similar to the méchanization and automation of the aviation -
industry than the assembly line operation of a manufacturing plant.
The mininé job designationsbin the automated Stage IV operations

of Technical Serviceman-Extraction, Technical Serviceman-Haulage,

and Monitoring Systems Technician will be the underground version

of the well-accepted jet age relationship of pilot, copilot and

navigator. They perform as a team, acting at times interchange-

.ably, and working together on solutions to problems. There will be

considerable prestige, training, and sense of accomplishment
associated with the operation‘of the automated mining.system. All
workers should benefit through the associated improvements in
ancillary- jobs and the working environment.

Automation in mining will also produce considerable changes in .

management. There will be increasing emphasis on the planning,

- training, service support, and technical analysis activities that -

management performs.

This study indicates there are considerable benefits for the union

. worker, mine management, and mine owners alike im the -automation -

of continuous mining. It may well be the system of mine develop-

- ment necessary to permit full and effective use of high capacity

"~ production units such as shield type longwall or shortwall mining.

The following areas were identified as needing expanded research
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19. - continued
in automated mining:
Preventative maintenance
Innovative productive mining concepts
Rapid man transit systems
Training
; Monitoring.
20. -The safety and economic analysis of automating other types of min-
ing systems such as longwall and shortwall should be investigated

for their companion use with automated continuous mining.
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Chapter 10
RECOMMENDATIONS
The following recommendations for implementation of automation and
remote control in underground coal mines are made as a result of the
analysis presentgd in this document. Several recommendations for
additional research are included.

1. Automatién and remote control can improve the safety and profitability
of underground coal mines. The USBM, MESA, mine equipment
manufacturers, mine operators, and the UMWA should cooperate in the
de%elopment and implementation of feasible automated mining systems.

2. The USBM should initiate or continue research projects along the
major lines of:

a. Preventative maintenance
b. Innovative productive mining concepts
¢. Rapid man-transit systems
d. Training
e. Monitoring
It is recognized that many of the subjects presented are presently
under some level of investigation.

3. Detailed job definition, a listing of proper job steps, and the
correct work procedures should be listed for each occupation in
automated mines. The result would provide vital information for
program development, resource material, and training programs. It
should be undertaken from both viewpoints of safety and

production.
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The information gathered in item three should be utilized to produce
stage development programs and training programs for union and
management employees.

Roof bolting remains a produgtion limiting factor in current mines
and will apparently continue to be so in automdted mines. Research
similar §oithat proposed in Appendix F should be undertaken to
improve roof bolting rates.

Research should be initiated to evaluate the place change time of

' the AES and recommend and implement improvements.

The correct balance of preventative and breakdown maintenance for
automated systems should be determined in order to assure the least
possible maintenance production delay times.

Mthods of reducing mantrip times should be investigated.

Methods of automating the job functions tﬂat did not show a decrease
in accident frequencies in order to improve the health and safety
of these workmen should be evaluated. The investigation should
determine which automation techniques would be most safety and cost
effective. The occupations to be studied should be: belt and boom
operators and crews, motormen, trackmen, bonders, wiremen,
electricians, laborers and move crews, mechanics, oiler-greasers,
rock dusters, ventilation men, foremen, and firebosses.

Up-to-date statistics in the proper format for the accident
frequency analysis in Chapter 6 should be available on a printout
from the MESA Health and Safety Analysis Center computer.
Alternatives to the economic analysis presented in Chapter 7 should

be investigated. The alternatives might include varying mine sizes
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to maintain constant production or the utilization of the AES as a
development unit for varying mining systems such as longwall.

The sensitivity and impact of the economic analysis presented in
Chapter 7 to such variables as percent reject, maintenance and other
delays, personnel requirements and the cost of automated equipment
and monitoring systems should be investigatedf

Detailed human engineering evaluation and designing to improve

human performance in the operator cabs of the AES machine, in the

' remote section control station, in the central mine station, in

trouble shooting and repairing equipment, with the mobile conveyor
units, witﬁ the supply handling vehicle, and with other items of
automated quipment should be performed along with the development
of each item.

Detailed cost analyses, including possible purchase price, should
be a reporting consideration for all future automation equipment
and monitoring system development contracts.

A detailed study of training in the aircraft industry, including
the methods of funding, development, and implementation, and how it

may be related to the mining industry would be useful.

‘The effect of automation technology on the union contract and the

current grievance procedure should be evaluated.

Training programs should be developed to acquaint current mine
management with the capabilities of computers and monitoring devices
and their benefits in the mining industry.

Training programs and resource material should be developed to
instruct current supervisors in improved communication skills,

particularly for conducting group and one-to~-one meetings.
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In addition to training programs in proper machine operation,
workers should be trained to be aware, adaptable, and to anticipate
future systems operation. These qualities will be very important
in an automated mine.

Training programs should be developed to teach machine operators
how to scan and interpret data quickly.

Further training programs are needed in communication skills for

workérs as they will be required to transfer information to other

"workers and to supervisors.

Methods of evaluating the performance of prosbective employees
before they undergo expensive training programs should be developed.
An economic and safety analysis similar to this report should be
undertaken for automation of other types of mining systems such as

shortwall for comparative benefit purposes. .
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PRODUCTION POTENTIAL OF THE AUTOMATIC
EXTRACTION SYSTEM
R. H. King
S. C. Suboleski
9/22/75

INTRODUCTION .

Thig report summarizes the production potential and delay
possiﬁilities of the automatic extraction system (AES). The mining
plﬁn shown in Figure 1 is used. The average shift prqdnctions'were
obtained by computer with the Penn State University Underground
Handling Simulator (UGMHS). The assumptions made in order to obtain
the reported results are listed in Attachment I. See Attachment 11
for AES description.

STATEMENT OF THE PROBLEM

The production from the AES is to be compared with current produc-
tion. Also maning and other variations in the normal mining cycle are
to be discussed. The effect of using the automatic control feature

and planks for additional roof support are to be imvestigated.

RESULTIS

In order to simulate the AES production capacity, the'elemental
times shcwﬁ in Table 1 were derived. Design information furnished by
Mr. Don Freed of National Mine Service Co. was used as a basis for the times
listed. The elemented times are also pertinent to the question of the
usefulness of automatic control. The operator must perform each of the
job elements in the time specified to equal the production from an

automatic control. Steady, uninterruped movement from one element to
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the néxt will require considerably more concentration and discipline
than operating one control at the beginning of each sump shear cycle.
The elements additional to normal continuous miner operation result
from manuevering the roof support units. In addition, the automatic
control will not allow sump and shear thrusts to exceed the machine
design limit#gions, decreasing maintenance requirements;u N

The:ﬁining cycle job that will most probably cause delays is roof
bolting. Four bolts must be installed during the dual sump shearﬁ
cycles associated with a four-foot advance. If longer thaé 3.76 -
minutes is required to install bolts a delay will result. Table A=2
compares gctual time study data with expected performance of the AES
bolters. The average bolting times are below the 3.76-minute limit.
However, a certain percentage of the bolts will require iéﬁéer than
3.76 min.This percentage (33%) in addition to an average delay (.8 min)
was calculated from actual performance at the miningvgz;i;ion proposed
for location of the AES unit.

It is interesting to note that only .3 min is available between
cycles for preparing bolting materials. If the bolts are iﬁgégiigﬁ -
in the anticipated 3.4 minutes, the time available for changing bits,
gathering bolts, unplugging steels, etc. is limited to .6 minutes.
Therefore, the immediate presence of a large amount of bolting supplies
(88 bolts for an 88-~foot advance) is necessary to avoid materials
handling delays. The capacity of dust collectors is also important.

The use of planks requires stopping the AES advance between cutting

cycles for an estimated .5 minutes to slide a plank into position above

the drills. Since storage for about six planks is available, additiomal
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planks must be brought up every six bolt rows causing an estimated
S5-minute delay. These delays obviously interfere with the objective
of improved production through continuous machine operation. The
effect is demonstrated inm Tables A~4 and A-5.

- The production potential is listed in Table A-4. Table A-6 shows
the effect of &elay time on the system. Sixteen time studies from the
proposed mining district are summarized in Table A-7.

- ’ A proposal to substitute 4~foot resin bolts for 6~-foot shell
.. anchor and eliminate planks resulted in gathering data for Table A-3.
Installation of 4-foot bolts eliminates a steel charge, but the
increased time from rotating and waiting for the resin to set brings
the total bolting time to the 3.8-minute cutting cycle limit. Auto-
cmatic. timing control on the rotate cyecle could reduce the overall time.
“by .3 minutes since it would allow the operator to attend to the other
chuck while the first bolt is rotated. An automatic cycle to lower
and swing out the chuck after drilling is also recommended.
If the ventilation is adequate to allow 176-foot advance, the
~. - -‘number of place changeé and turnouts can be reduced. Combining cuts .
1. & 4, 7 & 10, and 8 & 11 into 3 long runs will eliminate 2 crosscut.
. turns and 3 pla;e changes. The resulting increased mining time can

raise the averave shift potential production by 50 toms.



TABLE A-1

Elemental Times for the AES Machine

Cut;ing Cycle Element

10.

1.

12.

C13.

14,

“15.°

Raise Supports
Sat Cutting Limits

Start Cycle (operator time) & Lower Inmer Support

Sump

Raise Inner Supports

" Shear

" Lower Inner Supports

Trim Bottom

Raise Head

Advance 2!

Repeat 3 trhough 9.

Lower Outer Supports

“Advance &'

Raise Quter Supports

Repeat 3 through 13 until cut
is completed (wait for shuttle

car time element may occur in any

of the above.)

Time

.25
.50

.21

40

.lo
.67

.10

15
.15

.lo )

1.88

.10

7,10
.10 ’

4.81
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Elemental Bolting Times

Six-Foot Shell Anchor

Current 11 CM Bolters

(Time to Install 2 bolts)

Eisgent Time
1. InStéil Board .41
2. Raise Board .17
3. Insert Steel .08
4. Raise Chuck .11
5. Hole Through | .18

Board
6. Drill (Starter) .39
7. Lower Chuck .12
8. Remove Steel .09
9. 1Insert Steel 14

10. Raise ‘Chuck .15

11. Drill (Finisher).72

12. Lower Chuck .14

13. Remove Steel .15

14. Insert Bolt .13

15. 1Install Wrench .07

16. Raise Chuck .10

17. Torque Bolt .06

18. Lower Chuck .07

19. Remove Wrench .04

20. Lower Jacks .03

3.35

TABLE A-2

AES Bolters . . ... __ .
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(Time to install 4 bolts)

Element . Time
1. Insert Steel o1
2. Raise chuck - .1
3. Drill (Starter) .4
4, 1Insert Extension .1
5. Drill (Finisher .7
6. Lower Steel - -1
7. Remowve Steel P
8. Lower Chuck .1
9. Swing out Chuck .1 -
10. Install Wrench .1
11. Imnstall Bolt - .1
12. Swing in Chuck .1
13. 1Install Plate .1
14. Raise Chuck =~ .1
15. Torque Bolt ~ oL
16. Repeat 6-15- 1.0
Time w/o plank 3.4
17. 1Install Plank 5
18. Bole through .2
Plank



Current 11 CM Bolters

(2 - Six-Foot Bolts)

Element

Install Board

Raise Board

Insert Steel.’

. Raise Chuck

Hole Thru Board
Charge Steel
Raise Chuck
Drill'(starter)

Lower Chuck

. Remove Steel

Change Steel
RaiseAChuck
Drill (Finisher)

Lower Chuck

- Remove Steel

Install cart~

" ridges

Insert Bolt
Install Wrench
Raise Chuck
Rotate

Wait to Set
Lower Chuck

Remove wrench

Lower Jacks

Time

s
.17
.08
.11
.18
.13
.10
.39
.12
.09
.14
.15
.72
.14
.15
.15

.13
.07
.10
.33
.30
.07
.04

.03
4.50

TABLE A-~3

Elemental Bolting Times

Resin Bolts

10.
11.
12.
13.
l4.
15.
16.

17.
18.

Element

Insert Steel
Raise Chuck

Drill

Insert Extension
Drill

Lower Steel
Remove Steel
Lower Chuck
Swing Out Chuck
Install Wrench
Install Bolﬁ
Install cartridges
Swing in Chuck
Install Plate
Raise chuck
Rotate Bolt

Repeat 6-16
Wait to Set Up
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AES Bolters
(4 Bolts Across)
6 Foot &4 Foot

Time Time
.1 .1
.1 .1
A 0
.1 0
.7 .7
.1 .1
.1 .1
1 W1
.1 .1
.1 .1
.1 .1
.1 W1
.1 1
.1 .1
1o 1
.3 .3
1.3 1.3
) =3
4.5 3.8




TABLE A-~4

Production - No Planks
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Wait for Gas Set Advance Bolt Place Cuts
, sC Test Limits Cutting Bet. Cyc Delay Change
Shift Toms/Shift (Min.) (Min.) (Min.) (Min.). (Min.) (Min.) (Min.) .
1 936. 6252 33.0 5.3 0 212.8 16.8 l4.4 39.6 1,2.:
2 861. . 91.2 33.0 4.5 195.7 15.6 4.4 30.4  3,4,!
3 769. "74.2 30.0 2.3 174.8 13.8  12.0 68.7 6,7,
4 _928. 73.2 33.0 3.8 210.9 16.8 15.2 31.3 9,10
5. 757, 115.2 33.0 3.8 172.9 3.8 12.8 35.2 11,1.
Ave - 850. 83.2 32.4 3.9 193.4 15.4 13.8 41.0 - -
TABLE A~3
Production - Planks
i Shift Tons/Shift Plank Supply Plank Inst.

(Min.) (Min.) e

1 811. 40.0 24.0

2 685. 30.0 20.5

3 661. 35.0 20.0

4 736, 35.0 22.0

S5 752. 35.0 22.5

6 673. 35.0 20.5

Ave 720. 35.0 21.6



Tons/Shift
No Plank

850 -
776
- 701
627
sz
477
403
328
254
179
105
30
0

Prepare to Start

Prepare to Leave & Early

Maintenance
Ventilation
Outby Haulage

Power Failures

Other

TABLE A-6
Delay Effect

Necessary and

Tons/Shift Delay Operating Time
Plank {min/shift) WQ“WM’EEE§/5§45§2_
720 0 342
657 30 312
594 60 282
530 90 252
467 120 222 -~
404 150 192
341 180 162
278 210 132
215 240 102
152 270 72
38 300 42
25 330 12
0 360 0
TABLE A~7 |
Expected Delays Min.
20
20
75
10
20
5
30
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Attachment I

Assumptions Made for Computer Program Analysis

- There is enmough time during advance between sump-shear cycles

and shuttle-car changeouts for the 2 bolter operators to make up

bolts, change bits, etc.

1The,yentilation system is adequate to eliminate stopping the mach-

ine for dust to clear. .

7'B:attice men are available to install brattice in dead-end places

and the AES machine is not idle during these periods.

A touch-up bolter is available so the miner is not tied up setting

bolts at crosscut breakthroughs. The expected delay time to

"plank through" a crosscut is 18.75 minutes if a touch-up bolter

is not available. - P T

~ A 3.0-minute time to check each place and remove safety chain is

included in the place-change time.

The additional time for maneuvering and turning a crosscut is

included in the place-change time. This is a requirement of the

computer program. - STl
Using time study information on bolt-time distributions and
expected times for the AES bolters, an average delay of 0.8
minutes will be incurred on approximately 337% of the bolt rows-
installed.

A 50-minute round trip mantrip time, 30 minutes for lunch-and 15
minutes to make the fire boss check at the start of the shift are

deducted from 480 minutes to obtain available operating time.
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9. The following development section manning is assumed:
3 AES operators
2 shuttle car operators
1 section mechanic ,
2 utility men (brattice and touch up bolting)
“8 total /
- 10.- Improvements in the gathering head will eliminate cleanup time. -
11. A pickup-loader will not be used.

12. The shuttle cars &ump directly on the belt. A feeder-breaker is not used.
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Attachment II

Description of the Automatic Extraction System

A USBM contract has provided funds for the development of the
Automatic Extraction System (AES) by National Mine Service Co. and Lee
Engineering. The machine is a rotary drum continuous miner somewhat
similar to the Marietta Drum Miner.

‘Four roof drills are mounted in front of the operators platform..

-. Two operators, one for the left two drills and one for the right pair

are required for bolting. The sump operation is accomplished by

hydraulic cflinders rather than using cats, thereby allowing mining and

‘bolting to occur simultaneously. An additional operator for the mining . ..

cycles;is,anticipated. Two hydraulically controlled roof support canopies

provide protection for the operators and also immediate roof support

after mining. The AES machine contains a ventilation fan which draws air -

from the face through ducts in the roof support canopies. Two shuttle

cars will haul coal from the tail boom to thé section conveyor belt. A

pickup loader is not anticipated. L ; -
An automatic control cycle is proposed that will allow. sump, . shear,

trim bottom, raise head and support advance job elements to be performed.

by one control activation. The inner roof support is automatically

advanced after each two foot sump-shear cycle. The outer support

.1s advanced every four feet and is not included in the automatic contral

_ feature. The operator can manually set upper and lower cutting limits as

often as is necessary. Operator overide and emergency stop provisions

are proposed.

Some pertinent design details are listed in the following. table.

Overall Machine Length 35' 5"

Cutting Head Width - Mining 15° 0"

Cutting Head Width - Retracted J13' 4"

Weight 120,000 1b.

Cutter Drum Drive Motors (2) 200 HP ea., @ 1200 RPM
Drum Speed ‘57;63, or 70 RPM

Disc Type Gathering Head Motors (2) 15 HP ea. @ 1750 RPM
Conveyor Width 30"

Max. Loading Rate 13.75 TPM

Conveyor Swing Angle 60° right or left



Track Width

Grqund Contact Length

Tram Speed

Tram Motors (2)

Outer Roof Suppoft Beam Dimensions
Quter Roof Suppért Beam Capacity
Inner Roof Support Beam Dimensions

. Inner Roof Support Beam Capacity

«Floox:Pressure at Outer Roof Support

Capacity
) Roq§ Drill Feed Rate
 >Rp6f:Drili Max. Torque
Roof Drill Max. Thrust
Roof Drill Centers
Hydraulic Pump Motor
N Hydraulic Resevoir Capacity
T A&iélTQEntilation Fans Capacity (2)
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18"

99"

20 FPM, 40 FPM
7.5 HP @ 600 RPM
30 HP @ 1800 RPM
18" x 10'4"

51 PSI

50" x 11'9"

53 PSI R

65 PSI

33 FPM

300 1b./ft.

8000 LB

4! .

200 HP @ 1200 RPM = .
150 Gal R
3000 CFM @ 12" w.g.
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Production Potential of the Automatic
Extraction System - Additional Results
S. C. Suboleski & R. H. King

January 12, 1976

Introduction -

This report summarizes modifications to the plan and methﬁd of

~ operation of the automatic extraction éystem (AES) as originallyvpfeo- P
sented in the report dated September 22, 1975. These modifications
include the elimination of the initial gas test, since it now appears

that this function will be autqmated, and the introduction of a "long-
.-run'" mining plan which enables the Qiner to advance two tross-cut
distances with only four major trams. Five entries were used in the
latter plan to achie&e~the symmetry required.
Data —
The equipment performance data used in both analyses is: essentially
that listed in the first report, with several exceptions. The gas test.
delay has been eliminated since it is expected that this function will. .
be,performéd remotely and thus will no longer interfere with production.
The bolt-delay time was also increased slightly; however this- does not

. significantly affect the production rate. The tram time is also greater
as a result of the addition of the time to "bolt through' where cut 9

intersects cut 8 and the inadvertent omission of the final tram on the

previous analysis.



243
The mining plan used for the four-entry system followed that

shown in the original report (and reproduced as Figure A-1 herein}.
The five entry or "long-run' mining plan is shown in Figure A-2, It
consists of a series of cuts which effectively remove coal in the shape
of an inverted Christmas tree outline. This reduces the necessity to
tram the miner around the pillars from cut to cut; however, the dis-
tances from the‘faces to the belt tail are longer, on the average, for
this type-of plan. In addition, since the boltefs are located at the
rear of the miner, when the miner continues throughﬂgﬁ;”igbywend of a B
cutrit is necessary to bolt through (i.e., to bolt the‘reméining area’
éf unsupported roof) the cut = an operation which is‘expe;ted to requ;re N
vééproximately 23 minutes. This is done eight times 1n the long-run plan;

and only twice in the four entry 'conventional' plan. Thus, there is a

trade-off between the conventional plan and ram time and the long—run

plan bolt-through time (which is shown as part of the tram time in the
results).

The assumptions listed in Attachment I in the original report are

reproduced as Attachment III herein. Two changes-have been incorporated:
the plank—through time has been increased to 23 minutes and the average ,

delay for bolting has been increased to 1.0 minutes for 6- foot etpan51on

shell bolts and 4-foot resin bolts, and to 1. 4 minutes for 6-foot resin

bolts.

Since it now appears that planking can be eliminated with the AES

system this has not been evaluated. The 6-foot conventional bolt and

4-foot resin bolt systems are considered to be equivalent. The 6-foot
resin bolt has been evaluated separately. All other data and assump-

tions can be found in the discussion in the September 9 report.
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Results

-Revised results for the four-entry system with conventional 6-
foot bolts or resin 4~foot bolts are shown in Table A=8, These can be
-compared to the original results, shown in Attachment II. Average pro-
duction has increased from 850 to 881 tons per shift, based on approxi-
mately 380 minutes available for production per shift. This increase
results from thé(eliﬁination of the gas check.
Resultg'for the five-entry system with convéntional six~foot or

resin four-foot bolts are shown in Table AwZe With this plan production
. averaged 861 tons per shift,.a decrease of 21 tons or 2.4% from the
fourwéntry results. The place-change time per ton is slightly less
with five-encry'plan; however the wait-for-shuttlecar time per ton is-

- nearly 10% higher. Using the present delay time per shift (180,minutes),'
- . expected production from the two plans is 464 and 453 tons pér shift

for the four—and five-entry plans respectively. , .o — -

The four-entry system can be further improved by mining cuts 1

‘and 4, 7 and 10, and 8 and 11 in one continuous pass. The time saved
~ in tramming by combining these cuts can be calculated directly from the
.plan. If the ventilation is sufficient to mine the two breakthrough .__ .
lengths then production should increase an additional 47 to 916 toms .

at 380 minutes or to an expected value of 482 tomns per shift.

Continuous Haulage

One additional means of improving production is with the use of. .
~ a continuous haulage system. The benefits of continuous haulage can
be calculated directly from the data in Tables A-8 and A~9 by simply.

- eliminating the wait on shuttlecar time. All other times will remain
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the same. Doing this indicates that the four-eatry plan could be
mined in 3.84 shifts for an average production rate of 1124 tons per
380-minute shift, or an expected value of 592 tons per shift. For the

five~entry system the equivalent figures are 5.01 shift, 1112 tons per

380—miﬁute shift and 585 tons at the expected workiﬁg time.

Probably the most popular and most successful form of continuous
haulage in use today is the bridge conveyor - bridge carrier system.

A mine using this system was visited to investigate the applicability

- of;bfiéééicarriers to the AES system; It was deterﬁihéd that; in iﬁs
présent form, the bridge carrier system could not méﬁeh%er around

corners (60°, 45° or 90°) in an entry only lé-feet Qid;i< fﬁis diffi-
cﬁiﬁy-can perhaps be circumvented by using shorter bfidgeé and.addi~'

tional carriers. .
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Table A-8. Revised Results for Four-Entry Plan; ,
®

Advance .
Wait for Set Between Bolt Place »
Shift Tons S.C. Limits Cut Cycles Delay Change Cut No.s
1 1003.4 73.1 5.3 228.0 18.0 20.0 40.6 1,2,3
2 886.4  100.2 5.3 201.4 15.9 17.0 41.4 4,5,6
3 919.8 61.0 3.0 209.0 16.5 19.0 76.5 6,7,8,9
" °
4 819.5 87.8 3.0 186.2 14.7 16.0 74.7 9,10,11
5&% 689.7 83.0% 3.0 157.7 12.3 14.0 73.1 11,12
4,90 shifts
Total 4318.8 405.1 19.6 982.3 77.4 86.0 306.3
Average 881 .4 82.7 4.0 200.5 15.8 17.5 62.5
TPM Cutting rate - 4.40 |
TPM Available Time - 2,30 ‘
Place Change/ton - 0,071 min,
Place Change/cut - 25.5 min.
Waict on car/ton - 0.094 min.

*Estimated
%%0.90 shifts

LY




o

i

1 Table A~9. Results for Base Five-Entry Plan

Advance
Wait for Set Between Bolt Place
Shift Tons S.C. Limits Cut Cycles Delay Change Cut No.s
1 836.2 103.7 3.8 190.0 15.0 16.0 - 56.9 1,2,3,4
2 836.2 76.5 3.8 190.0 15.0 17.0 82.9 5,6,7
3 953.3  78.7 4.5 216.6 17.1 19.0 49.1 - 8,9,10
4  869.7 75.6 5.3 ©197.6 15.6 17.0 73.0 10,11,12,13
5 819.5 88.9 3.8 186.2 14.7 17.0 72.9 14,15,16
6 897.2 85.9 5.3 205.2 15.9 17.0 62.9 16,17,18,19,20
7% 357.2 53.8 0.8 79.8 6.6 8.0 28.1 20
Total 5569.3 563.10 27.3 1265.4 99.9 111.0 425.8
Average 860.8 87.03 4.2 195.6 15.4 17.2 65.8
i '
TPM Cutting rate - 4.40
TPM Available Time - 2,27
Place Change/ton - 0.070 min.
Place Change/cut - 19.52 min. »
Wait on car/ton - 0.101 wmin.

*6.47 shifts

8492
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Tablé A—lO.‘ Revised Results for Four-Entry Plan With Six-Foot Resin Bolts

Advance
Wait for Set Between Bolt Place
Shift Tons S.C. Limits Cut Cycles Delay Change Cut No.s
1 986.7 7b.7. 5.3 224.2 17.7 26.6 - 39.7 1;2,3
2 869.7 98.5 5.3 197.6 15.6 25.2 41.4 3.4,5;6
3 886.4 62.8 2.3 201.4 15.9 23.8 76.1 6,7,8,9
4 821.9 87.0 3.8 188.1 14.7 23.8 74.6 9,10,11
5%% 754.2 90. 0% 3.0 171.0 13.5 21.0 73.0 11,12
Total 4318.8 409.0 19.70 982.3 ' 77.4 120.4 304.8
Average 869.0 82.3 4.0 197.7 15.6 24,2 61.3
TPM Cutting Rate - 4.40
TPM Available Time - 2.26
Place Change/ton -~ 0.071 ,
Place Change/cut - 25.40 ‘
Wait on car/ton - 0.095
\ *Estimated

*%0.97 shifts

6%¢
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Table A-11. Results for Five-Entry Plan With Six~Foot Resin Bolts

Advance '
Wait for Set Between Bolt Place
Shiftc Tons S.C. Limits Cut Cycles Delay Change Cut No.s
1 | 802.8 101.0 3.8 182.4 14.4 22.4 56.9 1,2,3
2 602.8 | 76.0 3.8 182.4 14.4 22.4 82.8 4,5,6,7
3 953.3 73.0 4,5 2.6.6 17.1 26.6 49.0 7,8,9,10
4 852.9 17.2 4.5 193.8 15.3 23.8 72,9 10,11,12,13
5 786.1 89.6 4.5 178.6 14.1 21.0 72.9 13,14,15
6 903.1 78.8 4.5 205.2 16.2 25.2 54.8 16,17,18,19
7% 468.4 65.6 1,5 106.4 8.4 14.0 40.6 19,20
Total 5569.4 561.2 27.1 1265.5 99.9 ‘ 155.4 429.9
Average 841.3 84.8 4.1 191.2 15.1 23.5 64.9

TPM Cutting Rate
TPM Available Time
Place Change/ton
Place Change/cut
Wait on Car/ton

!

|

4.40
2.19
0.077
21.5
0.101

Y

*6.62 shifts

0S¢
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Table A-12.

Delay Effect

Necessary and Minutes
Operating Time - of -
Minutes » Delay Tons per Shift
| 1) 2.) 30 .
380 | "0 881 - 861 - 869 841
350 30 811 793 . 800 775
320 | 60 741 725 732 708
290 90 672 657 © 663 C 642
260 120 603 589 595 575
230 150 533 o521 - 526 509 -
%200 180 464 453 457 0 4u3
170 210 - 396 385 389 376
140 240 325 37 120 o300 ¢ -
110 270 255 249 252 243
80 300 185 181 183 177
50 330 116 113 T4 - 1L

(1.) Four—entry plan, six-foot conventional or four-foot resin bolts -
(2.) Five-entry, long-run plan, six-foot conventional or four-foot resin bolts
(3.) Four—entry plan, six-foot resin bolts - - - -

(4.) Five—entry plan, six-foot resin bolts.

% . '
Expected delay time
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Attachment III
Assumptions Made for Computer Program Analysis

There is enocugh time during advance between sump-shear cycles
and shuttlecar - changeouts for the 2-bolter operators to make up
bolts, change bits, etc.
The ventiiation system is adequate éo eliminate stbpping the mach-
ine for dust to clear. -
?rattice men are available to install brattice in dead-end places
and the AES machine is not idle.during these periods.
A Fouch-up bolter is available so the miner is not tied up setting
bolts at crasscut bfeakthroughs° The expected delay time to
"plank through' a crosscut is 23.00 minutes if a touch-=up bolter
is not available. ' -
A73.O—minute time.to check each place and remove safety chain is-
included in the place=change timeov
The additional time for maneuvering and turning a crosscut is

included in the place-change time. This is a requirement of the

computer pfogram,
Usiqg time=study information on bolt’time distfibuciohs and
expected cimes~for the AES bolters, an average delay of 1.0 -~ -
minute will be incurred on approximately 33% of the bolt rows
installed. -

A SO0-minute round-trip mantrip time, 30 minutes for lunch and 15
minutes to make the fire-boss check at the start of the shift are

deducted from 480 minutes to obtain available operating time. -
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9. The following development section manning is assumed:

3 AES operators

2 shuttlecar-operators
1 section mechanic

2 utility men (brattice and’touCh?Qp bolting)
"8 total - :
'10.- Improvements in the gathering head will eliminate cleanup time..

11. A pick up loader will not.be used.

12. The shuttle cars dump directly on the belt. A feeder-bfeakeffis'not”&ééd.



" Attachment IV

Original Results - Four-Entry System,

Six-Foot Shell Anchor Bolts
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Wait for Gas Set Advance  Bolt Place Cuts

SC Test Limits Cutting Bet. Cyc Delay Change

Shift Toms/Shift (Min.)  (Min, (Min.) (Min.) (Min.) (Min.) (Min.)
1 936. .62.2 33.0 5.3 212.8 16.8 4.4 39.6 1,2.3
2 861. 91.2  33.0 4.5 195.7  15.6 146 30.4  3,4,5
3. 769, 74,2 30.0 2.3 174.8 13.8 12.0 68.7 6,7,8
4 928. -73.2 33.0 3.8 210.9 16.8 - 15.2  31.3 9,10
5 - 757. 115.2 33.0 3.8 172.9 13.8 12.8 .~ 35.2 11,12

Ave. 850. -83.2 32.4 3.9 193.4 15.4 . 13.8 41.0 -



APPENDIX B
SPECIFICATIONS OF THE
NATIONAL MINE SERVICE COMPANY'S

AES MACHINE




256

INFORMATION
A.E.S.

. AUTOMATED EXTRACTION T
SYSTEM

- ~ I

NATICNAL MINE SERVICE CONMPANY

|

Clairsun A\ J © Division

.y

Nashville, Illinois

UNITED STATES DEPARTMENT OF THE INTERIOR
BUREAU OF MINES

- CONTRACT NO., HOL155037 S



%i
E

TABLE OF CONTENTS

AES DESIGN GOALS I

THE AES CONCEPT I1, III

AES SPECIFICATION SUMMARY v, v, VI, VII, VIII

AES SIGNTFICANT DESIGN FEATURES X, X, XI

AES GENERAL ARRANGEMENT DRAWING - XII

257




258
NATIONAL MINE SERVICE COMPANY

AES DESIGN GOALS

I, A POTENTIALLY PRODUCTIVE MACHINE WITHIN THE CONFINES OF THE

COAL MINE HEALTH AND SAFETY ACT OF 1969

II. DEVELOP A VIABLE, SALEABLE PRODUCT WHICH CAN BE MANUFACTURED _

I

Iv.

AND SOLD AT A PROFIT -

PROVIDE MACHINE CAPABILITIES NECESSARY FOR MINING BREAKTHROUGH
TO BREAKTHROUGH WITHQUT PLACE CHANGING

A. ON-BOARD TEMPORARY SUPPORT oL

B. ON-BOARD ROOF BOLTING

C. INTEGRAL FACE VENTILATION -~ -

PROVIDE BETTER ROOF CONTROL THAN PRESENT SYSTEMS
A. ON-BOARDN TEMPORARY SUPPORT -
B. ON-BOARD ROOF BOLTING

C. GOOD CONTRQOL OF ROOF AND FLOOR POSITION

PROVIDE SAFER ENVIRONMENT FOR OPERATOR
A. TEMPORARY ROOF SUPPORT
B. COMPLETE CANOPY PROTECTION -

C. DUST SUPPRESSICN AND SCRUEBING

D. ACEQUATE LIGHTING

VI, REDUCE LIKELIHOOD OF OPERATOR RELATED ERRORS AND DELAYS THROUG

AUTOMATION OF RCPETITIVE MACHINE FUNCTIONS
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THE AES CONCEPT

The Automated Extraction System has been designed as a contemporary,
-composite solution to several interrelated problems which-have existed for aﬂs o
long as coal mining and have been more or less successfully solved separately

in the past. Although the AES, as originally conceivcd, would have displayed .

an instantaneous production rate substantially less than existing ripper-type
continuous miners, the present design allows an instantaneous production rate

competitive with current machines in the same seam size class. Rather than

providing production equal to existing machines, it should allow greater

production with increased safety.
The AES possesses many features which will allow if io produce more

coal with less maintenance and far greater safety to personnel than any existing

mining system. The current version is designed to provide & highly productive
full face (1S feet) semi-automatic continuous mining system: with excellent-
clean up, complete roof control (temporary support and’l?oltir}g) 3 maximum
operator protection, effective auxiliary ventilation, d@st .sup;:-reégién_,”and air

. scrubbing to restrict respirable dust to permissible levels, in‘seamﬂlj.@ights o

from five to nine feet. The virtually continuous nature of AES producticn makes

it a perfect partner for any of the pneumatic, hydraulic, or mechanical continuous

haulage systems in use or under development. The AES's integral roof contrel
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will allow much higher average production with continuous or shuttle car hau

" since the continual time-consuming aggravation of moving a standard-type

continuous miner from place to place to allow roof bolting is eliminated,

‘The-integral roof control of the AES provides many benéfits in additic

- “to the obvious productivity increase. Reduction in maintenance on cat track
“crawler drives, and electrical systems is inherent in the reduction of the nu

- of moves required for a given amount of production.. Decreased power consu

tion (high speed tram and maneuvering requires high horse power and is com
nonproductive) and decreased cable wear and tear (therefore, greater person

safety, more uptime) are both fringe benefits of being able to keep the AES i

- the producing face. Better roof control is possible because the top is not al
 pear as much time to weather since continuous production uncovers the top

- more quickly and is followed by continuous support and immediate bolting.

The d'rive components and electrical and hydraulic systems of the AE

“are of the same basic design and based on the same reliable design concept
“"as the highly successful Marietta Drum Miner, The electric tram allows the
" utilization of a hydraulic system equipped with very durable and dependable

‘low pressure components, whichare completely compatible with fire resista:

water emulsion hydraulic fluids.
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AES SPECIFICATION SUMMARY

MM 298
MACHINE ENVELOPE DIMENSIONS
©7 ““Qverall Machine Length -7 35' g
Cutting Head Width Mining 15 0"
B Retracted 13' 4"
Machine Width Qutside Roof
© and Floor Beams : - 12 4 -
Weight 120,000 lb.
- Face Area - ; . 75 to 135 sq. ft. -

Coal/ft. advance 4,7 to 8.5 tons

TRAGTOR FRAME

- -Ground Clearance T I
Tracks
Type - - . _ Piano Hinge
Width 18"
- . Ground Contact Length o 99" Nominal
Area - 3564 Sq. In.
- -~ - Ground Pressure (Max. Tramming) ... 28 PSI .. TR
o Tram Drive I ;
‘ - Type Spur Primary Twno Staze
_ " Planetary Final
) Maximum Belt Pull ‘ 50,000 1b./side . .
" "Speed - 713.3ft./min.-40 ft./min
- Motor (Two Water Cooled) 7.5 EP @600 RPM ‘

30 HP @1800 RPM

‘=~ =~ ° CUTTER DRUM -
Drum Outside Diameter 36"

- ‘Base Diameter 22 - -
- Cutter Boom Height Drum on Grade 42"
---° = - ~-Cutter Drum Reach Above Grade - - --- 10' Q"

. Below Grade (Max.) 10"
T With Gathering - - -
‘ ' Head on Grade s"

CUTTER DRUM DRIVE

Motors (Two Water Cooled) 200 HP ea. @1200 RPIM
Drum Speed ' 57 RPM (63 and 70 opticn:
Drive Type (2) Bevel and Planetary

Bit Speed " 535FPM (595,660 ogtion.

Protection - Clutches (2) Multi Disc, €00 HP Slir:



AES Specification Summary (Continued)

GATHERING HEAD
Type

Gathering Head Width

Disc Sizes

Disc RPM

- Drive Motors (I'wo Water Cooled)

CONVEYOR
Width

Depth (Steel Sideboards)
Sideboards (Flexible)

-Chain
Drive
Speed

- Loading Rate (Max. with 5" Depth)

- Tensioning

Swing Angle

Mining
Retracted
Large
Small
Large

- Small

ROOF SUPPORT/OPERATOR PROTECTION SYSTEM

_ Type

Su pport Cylinder

Quantity
Bore

Rated Pressure
Capacity at Rated Pressure
Roof Beams - Quter

Quantity
Width
Length

Average Roof Prassure at Cylinder Capamty

Roof Beams - Inner

Quantity

Width (At Narrowest Portion)

Length

Average Roof Pressure at Cylinder Capacity

Floor Beams - Quter

Quantity
Width
Length

Average Roof Pressure at Cylinder Capacity

262

Disc

lsl OII to 161 OII
14' Q"

4I S"

2‘ 6"

70

117

15 HP ea, @1750

30"

5"

4" .

2 5/8-inch Pitch !

Rear Hydraulic

400 ft./min.

13.75 T/min.

Automatic Load
Sensitive Hydra

60° Left or Right

Longitudinal Roof
Floor Beam

10

7" .

3000-PST

57 Tons Each -

2

18,“

10* 4"

51 PSI

1 -

Sl 0"

11+ 9"

53 PSI

2

18"
97111
56 PSI



AES Specification Summary (Continucd)

ROCF SUPPORT/CPLRATOR PRCTECTION SYSTEM (Continued)

Quter Rear Support
Quantity
Width
Length

Average Roof Pressure at Cylinder Cagacity

Quter Rear Platform
Quantity
- Width
Length

Average Floor Pressure at Cvlinder Capacity

LOW RANGE SUPPORT SYSTEM
- Minimum Tram Height
Quter Floor Beam Ground Clearance
"MINING RANGE (With 12" Tram Top Clearance)

- HIGH RANGE SUPPORT SYSTEM
- Minimum Tram Height
. " Quter Floor Beam Clearance
-~MINING RANGE (With 12" Tram Top Clearance)

PUMP DRIVE
- - --Motor (One Water Cooled)
- Pumps
Drills (4)
Scrubbers (1)
Cylinders (1)
_ Vent Fans (1)
- - Conveyor (1)
Water (1)
Gear Box
Reservoir Capacity

ROQF DRILLS

Quantity
Feed Rate - Maximum
Torque Maximum
Bolt Torque
Thrust - Maximum
Thrust - Torcuing

. Location
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1

40 0"'
S| Ou
33.7 PSI

1

) 4. 0"

Sl 2“
41.5 PSI

: '48 "
4.%_ "

5' Oll to 7' 4"

- s‘l lu

g"
6' 1" to 10' Q"

200 HP @1200 RI'M

30 GPM Gear

30 GPM Gear

0-37.6 GPM VV Piszcn
0-23 GPM VV Piston

30 GPM Gear - -~ -

- 30 GPM Gear

Spur Gear Water Ccolen
150 gal.

4 _

33 f££./min.

300 lb./ft. .

250 lb./%x.

8000 lb.

200 1b.

2' 0" and §' either
side of canter line




APPENDIX C
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AUTOMATED REMOTE CONTROLLED CONTINUQUS MINING



265

RECOMMENDATIONS AND ABRIDGED SUMMARY
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INTRODUCTION

This report results from the ARCCM Program Conference held at the
PMSRC Bruceton facility December 2 and 3, 1975. Presentation of recom-
mendations for improvement in the present research program is the pur-
pose of this document; however, an abridged summary of the conference
covering the purpose of current research, agenda, and summarized research
results follow the recommendations list, providing background information
for those who have not read the more detailed conference summary report -
which is available from Mr. Dick Farrar, USBM, 4800 Forbes Avenue, Pitts-
burgh, Pa. This abridged summary report is expressly written for cir-
culation within the USBM where evaluation and recommendations con-
cerning the ARCCM Program progress and organization are of more interest
than a detailed summary of the research reports presented at the confer-

ence.

RECOMMENDATIONS

Excellent progress is being made in the development of hardware. -
‘components for the ARCCM program. It is obvious that the increased

- engineering and operating complexities of ARCCM will require higher

- degrees of performance in areas that are currently limiting production -

even at present modest mechanization levels. Therefore, in our judge-

- ment research in the following areas are vitally needed to insure the .

ARCCM program Production goals:

1. management,

2. system integration,
3. training, and
4

. maintenance,

Management Research

The section foreman's role has changed dramatlcally in the past

- six years as a result of more stringent health and safety legislation
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and modifications to the UMWA Wage Agreement. Nevertheless, a mine's

production is the immediate result of the forman's actions. In fact,

he is still the "captain of the ship" in the coal extraction process.

Additionally, approximately 707 of the mines expected to be in produc-

tion in 1985 are not in existence today. The expansion of production

from 640 million toms in 1975 to 1.04-1.20 billion tons by 1985 will
increase substantially the number of section foremen required. An ex-
penditure of approximately $22 billion for new surface and underground
mine capacity is expected over the period 1975-1985. This represents

an immenSe;capital investment that can be recovered by profits from pro-

duction that is the responsibility of present and future front line

management. Therefore, it is recommended that the following be investi-
gated by future USBM research:

1. assessment of the role of front-line management (the section fore-
man) in improving productivity in the future mining industry,

2. determination ofrthe most efficient mine management organization
structure to respond quickly to the needs of the production sec-
tion,

3. definition of those production bottlenecks which are really manage-
ment deficiencies and recommendations for improvement, and

4. application of the above findings in demonstration projects. An
example might be the separation of activities that are most con-
cerned with maintaining maximum production from those duties which
are not directly production related, by delegating the latter to
an assistant,

System Integration Research

4 The future ARCCM operation will be economically unmanageable with-
out extensive system integration because of:

1. complexity of the section foreman's duties,

2. intricacy of components in automated machinery,

3. interdependence between machinery and workers,

4. requirements of environmental monitoriﬁg,

5. inability to tolerate down time, and

6. necessity of equipment failure warnings for preventative main-

tenance.
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Therefore it is recommended that an integrated control system be devel=-
oped to efficiently monitor, measure, evaluate, and control all systems
in a mining section. This should be applied in demonstration projects.

Training Research ,

Coal industry employment has expanded from approximately 124,000
people in 1969 to nearly 190,000 people today. The personnel expénsion
of more than 507 cuts across both union and supervisory ranks. In addi-
tion, the job bidding provision of the 1969 UMWA contract has resulted
in signifiﬁantly increased job transfers. Mine supervision ranks have -
-been depleted to supply hundreds of inspectors to MESA. The authority
and position of the section foreman has been eroded due to the uncertainty
- of some MESA interpretations, conflicts between state and federal regula-
~ tions, and the threat of federal prosecution in the event certain vioia=
tions occurred. All of this occurred at the end of two decades of re-
‘ceding profits in the coal industry, during which time employment de-
clined from 425,000 persons in 1949 to 124,000 persons in 1969, and
training programs were considered unnecessary because.oﬁ the large panels
of experienced labor. '

Certainly a part of the decline in the underground coal productiv-
ity (tons per man day) can be attributed to the lack of adequate train-
ing programs for the new employees. Of additional importance today is
"~ the obvious need to fully define the skills, duties, and responsibilities
of supervisors, engineers, inspectors, equipment operators, and mainte-
‘nance personnel, and then accomplish their training in the most effec-
tive manner. In our opinion, which has been enforced by many coal
operators, current training programs for improving production are inade-
quate. Considerable research and development will be required to pro-
duce effective training programs to increase production with current
equipment and practices. More sophisticated and complicated systems,
such as ARCCM, require an even greater effort. The reasons for im-
proved productivity oriented training programs can be supported by the
following:

1. not only do a greater number of accidents occur to workers
- in new job assigmments resulting in loss of production and human suffer-

ing, but much production is lost with an untr~ined operator inefficiently
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controlling an expensive machine;

2. new equipment development requires a clear definition of
training deficiency vs. machine deficiency,

3. about 507 more miners must be added to the york force over
the next 10 years and all experienced worker's panels are essentially
depleted, which means training must attempt to replace experience;

4, the magnitude of capital investment in modern mining and the
complexities of operatioms require greater emphasis on manpower train-
ing; o

5. the shortage of comprehensive production oriented training
progréms over the past three decades compounds the need for research
in training program requirements;

6. the changing characteristics of the modern miner (age, educa-
tional background) supports the need for research in training of mine
workers. New employees in general are younger and better educated.

Therefore, it is recommended that the following be investigated
by future research projects in training:

1. Define work activities and responsibilities of personnel in
operations, maintenance, service, engineering, and management
of present and future mining operations from the standpoint
of improving productivit& while maintaining a safe operationm.

2. Define and develop the necessary training programs and tech-
niques for efficient persomnel instruction for work activi-
ties and responsibilities defined in part 1 above.

3. Demonstrate the training programs developed in part 2 at a
mine.

4. Evaluate the results of training programs and recommend im-
proved training techniques and programs. '

Maintenance Research

A large portion of the delay time experienced on current continu-
ous mining production shifts is due to machine breakdowns. A preventa-
tive maintenance program may decrease the amount of time spent during
the production shift to troubleshoot and repair equipment if it is
applied effectively to current mining machinery. Moreover, with the

introduction of automation and remote control the importance of de-
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creasing downtime on expensive equipment is increased. Machinery com=-
plexity and combination of functions increases the probability of main-
tenance delays. That is, a machine such as the AES which combines roof
support and ventilation with cutting and loading will cease producing
when maintenance is required on the auxillary attachments for roof sup-
port or ventilation. This cannot be tolerated for thé numerous minor

.malfunctions which may occur in the individual components of the expen-
sive AES system.
Therefore, the following maintenance research programs are recom-
mended: .
1. The training program in maintenance outlined earlier is vi-
tally needed to reduce maintenance delays.
2. Analysis to develop recommendations for improved machine
maintainability is needed. ) '
3. Development of the requirements for a workable preventative
and breakdown repair maintenance program is needed.
T4, Demonstration projects of effect of the following to improve
coal production is desired:
a. maintenance training,
b. preventative maintenance, and

c. improved machine maintainability.

ABRIDGED CONFERENCE SUMMARY
Agenda

The agenda of speakers was:

1. °~ ARCCM Objective and Philsophy~--Howard Parkinson, USBM, PMSRC-

2. - Data Flow Requirements for Remote Control of Continuous Miners--
Robert Lagace, Arthur D. Little, Inc.

3. Assessment of Automated Remotely Controlled Controlled Continuous
Miners and Ventilation for Rapid Face Advancement--Bruno A. Fichna,
John T. Boyd Company

4. Human Factors and Operational Constraints Relative to an Automated
Continuous Mining Section--R. H. King and S. C. Suboleski, Penn

State University
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5. Automated Extraction System--Don L. Freed, Jr., National Mine Ser-
vice, Co.
6. Continuous Mining Systems Industrial Engineering Study--James Davis,
J. J. Davis Associates
7. Evaluation of Conventional Mining Equipment--Albert Herhal, Ketron,
Inc.
8. Feasibility Test of Microwave System for Determining Coal Thick-
ness=--D. A. Ellerbruch, National Bureau of Standards
9. Evaluation of Coal Thickness Sensors--Greg Riley; Foster Miller
AsSoéiates, Inc. ‘
10. .Evaluation of National Coal Board Gamma-Ray Backscatter Coal Thick-
ness Sensor--Bert Nagy; USBM, PMSRC
11. Analytical Studies of Electromagnetic Sensing of Coal Properties—-
Mike Pazuchanics, USBM, PMSRC .
12. Report on NASA-Marshall Space Flight Center and General Electric
Company Work on Horizon Control for Automated Longwall Mining--
Bruce Broussard, NASA ,
13. Miner-Bolter Status and Review of Bolting and Flgxible Drill Pro-
grams--R. K. Dorman, USBM, Spokane Mining Research Center
14, Remote Controlled High Production Continuous Miner and Joanne Mine
Tests of a Continuous Miner--Kelly Strebig, USBM, Twin Cities Min-
ing Research Center
15. Ventilation-~Eugene Palowitch, USBM, PMSRC
16. Dust Control--W. G. Courtney, USBM, PMSRC
17. Lighting--George Bockosh, USBM, PMSRC
18. Methane Monitoring--Mike Pazuchanics, USBM, PMSRC
19. Materials Handling--Steve Ojala, USBM, PMSRC
20. Haulage--Steve 0jala, USBM, PMSRC
21. Noise Control-~J. A. Burks, USBM, PMSRC
22. Guidance and Control-~Tom Fisher, USBM, PMSRC
23. Logistics Study of Continuous Miners--Franz Mogdis, Bendix Corpora-
tion o )
24.  Hydraulic 0il Contaminants=--L. R. Allen, USBM, PMRC
25. Training--James Ault, USBM, PMSRC

26. Summary-R. L. Frantz, Penn State Universtiy
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Research Purpose

The purpose of the ARCCM conference was to transfer technology
among USBM contractors and USBM personnel directly or indirectly related
to ARCCM. The usefulness of each project in achieving the ARCCM goal
of increasing production was emphasized.

- - The project overview analyses (presentations 2-4 in the agenda)
are investigating the effects of automation and remote control on pre-~
sent continuous mining and providing techmical support in the specific
areas listed in the agenda.

-The AES prototype machine, (described in presentation 5) combining
the mining functions of roof control and ventilation with a programmed
- -cycle of coal extraction and machine advancement, is the present hardware
development for evaluating the ideas and recommendations of the ARCCM
researchers to date in a demonstration project.

The productivity measurement studies (presentations 6 and 7) are
to evaluate present mining methods effectiveness and determine the con-
tributions that the AES and ARCCM programs may make to improve produc-
tion.

The objectives of coal-rock interface sensor research projects
(presentations 8-12) are detecting the interface and measuring coal
thickness. The sensor facilitates automation of the cutter head by
communicating information used in controlling the top and bottom
positioning.

USBM research projects related to ARCCM were described in
presentations 13-21. Much of the information gained from the research
has been utilized in designing the AES machine. /

The guidance and control project (presentation 22) objective is
improved safety and efficiency of operation by automatically maintaining
the machine on a desired horizon and center.

- Minimizing down-time and extending working life through better in- .
formation about machine reliability is the objective of the reliability
project described in presentation 23.

- Improving machine reliability through measurement and elimination
of hydraulic oil contaminants was reported in presentation 24.

The goal of training analysis (presentation 25) is the improve-
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ment of training hardware and techniques for utilization, particularly

through use of the Lincoln Training Center.

Research Project Summarized Results

The data-flow requirements for remote supervisory control of an
automated continuous mining process will be very complex due to the
interaction between the different machines. Data-flow rate requirements
is a manageable/problem according to Arthur D. Little, Inc., but the
developmgn;rof sensors and microcomputers for directing the machinery,
which must survive in the underground mine environment, may present
problems. ‘

Remote controlled continuous miner performance to date indicates
transferring the operator position from the hazardous facz area can be
accomplished with present technology, but production is limited by
ancillary operatiomns.

Initial results of the Human Factors contract point to requirements
for training that will allow automated equipment to be serviced, main-
tained and operated efficiently.

National Mine Service Company has completed the basic design of
the Automated Extraction System (AES) machine and are currently inves-
tigating special design problems with roof control, ventilation, methane
diffusion, methane monitoring and dust suppression. A large nubmer of
component parts are presently being manufactured and assembled for
underground testing in September 1976. }

--Preliminary continuous mining industrial engineering study results
- indicate that currently used semiremote control provides production
and safety advantage in retreat mining. ”

The NBS frequency modulated-continuous wave (FM-CW) sensor system
produced positive interface results in coal thicknesses up to 18 inches.
Foster Miller Associates has begun evaluating the pulsed radar, a sen-
sitized drill, and coal/shale light reflectance for determining coal/
rock interfaces. The National Coal Board Gamma—Ray-Backscatter Coal
Thickness Sensor is currently the only operational sensor; however,
measurement error occurs if there is an air gap between thc sensor and
the roof. Electromagnetic sensors are good indicators of vertical non-

uniformity in the roof and of lateral nonuniformity along the roof sur-
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face according to University of Colorado researchers. NASA is studying
radioisotopes, radar, acoustics, cutting power monitoring, reflectome-
ters, impact potentiometers, and sensitized picks. General Electric

is experimenting with the use of shock and vibration analysis on a
longwall shearer.

Five different flexible drills, capable of drilling an eight-foot
roof bolt hole in a 30=-to 48-inch seam at four—feet per minute, will
soon be ready for underground testing according to Spokane researcher
Robert Dorman.

The- fabrication and underground demonstration of a materials hand-
ling supply vehicle with an anthropomorphic manipulator for grasping
and lifting supplies weighing less than 260 pounds is projected for
mid-1976.

Haulage related research projects include development of wire gui=-
dance for ramcars and bridge conveyor trains, benefits of automating
underground rail haulage, and development of hydraulic transport systems
component parts.

Results of the logistics study of continuous miners suggests preven-
tative and scheduled maintenance programs will increase machine availa- -
bility and reduce overall corrective maintenance costs.

"USBM personnel anticipate that metallic oil contaminant identifica~- .
tion will allow detection of hydraulic system problems.

" .The Air Force Lincoln Training System is being examined,for mine
personnel training applications. Dragline and shuttlecar operator

trainers are also under development. S
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ARCCM Program Roof Bolting Requirements

The object of this report is to specify roof-bolting requirements
for proposed high-production, automated, remote=controlled continuous
mining systems. Unfortunately, the problem of specifying roof-bolting
requirements is a complicated one since there are numerous roof-bolting
¢cycle elements that utilize many materials in both mechanical and
manual opergtions. Roof-bolting cycle elements are affected by human,
environmenéal, and machine systems which further complicate specifica~
tions. Consequently, specifications cannot be simply stated but must
-evolve from a detailéd analysis of the present roof~bolting operation.

It is anticipated that production from future automated mining
equipment will depend on (1) the rate of mining, (2) the duration of

production before the machine must be stopped for service and maintenance,

- _and (3) the duration of service and maintenance time. Providing the

- machine has a roof-bolting system, the mining or advance rate may be -

- limited by the bolting rate. Such is the case with the Automated

Extraction System (AES).

‘The AES machine is capable of advancing four feet in 3.56 minutes
-at the low cutting rate and in approximately 2.00 minutes at the :
high rate. Consequently, four bolts must be installed in 3.56 or 2
. minutes for the AES operation. Moreover, it is estimated that 3.4 minutes
are required to install four bolts across the entry by the AES bolters.
Unless bolting rates improve, future mining systems with higher mining -
rates may be severely restricted.

In order to provide preliminary recommendations for research scope

_and objectives to improve roof-bditing rates, the elemental times

for present operation should be considered.
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Table E-1. lists approximate elemental times for a roof bolter mounted
on a continuous miner.

Table E~1., Roof-Bolting Elements

_Element Approximate Time
1. Insert Steel .1
2. Raise Chuck .1
3. Drill (Starter) .5
4., Lower Chuck .1
5. Change Steel or Add Extension .1
6. Raise Chuck .1
7. Drill .8
8. Lower Chuck .1
9. Remove Steel .1

10. Insert Bolt .1

11. Install Wrench .1

12. Raise Chuck o1

13. Torque Bolt .1

14. Lower Chuck .1

15. Remove Wrench .1

Several possibilities for research to improve technology for
faster bolting are evident:

(a) 1install several bolts at once,

(b) eliminate some of the job elements,

- (¢) increase the drilling rate,

(d) increase the rate of other job elements, or

(e) reduce the number of bolts that must be installed.

The AES system proposes to install four bolts simultaneously across
-an entry using two operators. The bolting machines are manually
tended, so it is impossible for both bolts to be placed simultaneocusly;
therefore, rather than installing four bolts in 2.6 minutes, the antici-
pated installation time is 3.4 minutes. Selective reliable automation
of certain elements may improve bolting rates. For example, if the steel
were automatically lowered, removed, and the chuck swung out on one
of the two bolting units, the operator could tend the other unit
during the time, saving 0.4 minutes. Therefore, even though automatic

chuck tending is slower than manual performance, time can be saved by

-~ automating certain elements.
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Eliminating job elements seems to be a remote possibility unless
a completely innovative roof bolting technique is developed.

The drilling rate may be increased by research to control the
rotation speed, thrust and percussion rate automatically; thereby
improving efficiency over operator "feel"” and experience. Technology

. improvements in drill bit design and cooling methods may also be bene; :
. ficial in igproving drill penetration rate. Moreover, the dust

.

,'coklectioﬁ system should be upgraded to avoid limiting drilling rates.
increasing the speed of job elements other than drilling rate
would probably involve more expense than the probable time gains could
justify. It would be easier to justify attempts to eliminate certain

steps.
A particularly beneficial study may be to develop machinery,

- mining methods, and entry designé that would reduce the-amount of bolts -
required for safe roof support. For example, upgrading the cutting
and loading rates of a heading machine similar to the Dosko and Alpine

. (that would leave an arched roof) and install one or two bolts in the
center of the entry may be a possibility.

Even if research can significantly improve roof-bolting rates,-
-.delays could contribute significantly to increasing roof-bolting cycle
times. For example, our third of the bolts installed by the AES machine
will require longer times than the mining cycle due to delays. Numerous.
‘possibilities for delay exist as a result of the many job elements that.
must be performed and the amount of material required. Delays in any -
of the job elements listed in Table E-1 could result from man, machine
or environmental causes. The delay possibilities are diagrammed in

several fault—tree charts (Figures E-1,2,3,4,5 and 6). Due to lack-of
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information for probability of occurrence and average duration of
delay, the charts are only quantitative at this point; however, time-
study data from several mining operations could provide estimates that
would allow an approximate average delay per roof bolting cycle to be
computed. The normal fault tree, boolean algebra, computations can be
made by summing probabilities at "or" gates (C:)) and multiplying
probabilitigs at "and" (< ) gates. Research projects could then be
initiate& t; eliminate the most probable and time consuming delays.

Ih summary, the roof-bolting rate should be increased to maintain
the current AES machine 4-foot advance rate in 3.56 minutes. One year
from now the advance rate should be doubled and in two years tripled.
This is obviously a guess, but if roof-bolting rates are not limiting
factors, it just may be accomplished. Several possibilities that exist
to improve bolting rates, in order of probable effectiveness, are:

1. reduce bolting delays,

2. 1install several bolts simultaneously,

3. reduce the amount of bolts required through improved mining
plan and entry design,

4. dincrease the drill penetration rate,
5. eliminate some of the job elements, and

6. increase the rate of performing job elements in addition
to drilling.
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