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FOREWORD

This report was prepared by Dames & Moore, Park
Ridge, Illinois, under USBM Contract Number JO 155174. The
contract was initiated under the Metal and Nonmetal Health and
Safety Program. It was administered under the technical
direction of Pittsburgh Mining and Safety Research Center with
Mr. William J. Wiehagen acting as the Technical Project Officer.
Mr. Larry L. Rock was the contract administrator for the Bureau
of Mines.

This report is a summary of the work recently com-
pleted as part of this contract during the period June 1975 to
April 1977. This report was submitted by the authors in June
1977.

Dames & Moore wishes to thank those people who have
provided data, suggestions, and opinions on shaft sinking
operations and procedures:

I. U.S. Bureau of Mines;
Pittsburgh, Pennsylvania
Mr. William J. Wiehagen, Technical Project Officer

II. Mining Enforcement and Safety Administration

Office of the Administrator, Arlington, Virginia
Mr. Roland Wilson, Chief, Metal and Nonmetal
Mine Safety
Mr. Morris Friberg

Health and Safety Analysis Center, Denver, Colorado
Mr. Leonard Larson, Chief, Section of Informa-
tion Requests
Mr., George Kyler

Denver Technical Support Center
Mr. Donald Hutchinson, Chief, Industrial
Safety Group
Mr. Mike McGuire

Coal Mine Health and Safety District 2, Pittsburgh,
Pennsylvania

Mr. Alex O'Rourke

Mr, Eugene Ruttle

Coal Mine Health and Safety District 3, Morgantown, West
Virginia
Mr. Merle McManus, Assistant District Manager
for Inspection
¥r. Pete Fanok, Supervisory Inspector
Mr. Randy Watkins, Supervisory Inspector
Mr. Joe Richards, Inspector
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Coal Mine Health and Safety District 4, Mt. Hope, West
Virginia

Mr. James Krese, District Manager

Mr. Birkie Allen, Inspector

Coal Mine Health and Safety District 5, Norton, Virginia
Mr. William Hulvey, Inspector

Coal Mine Health and Safety District 6, Pikeville,
Kentucky
Mr. Bill Clemons, Assistant District Manager
Mr. James Frazier, Inspector

Coal Mine Health and Safety District 7, Burbourville,
Kentucky

Mr. Jerry Spicer, District Manager

Mr. Jerry Taylor, Mining Engineer

Coal Mine Health and Safety, Birmingham Subdistrict,
Birmingham, Alabama

Mr. William Meadows, Supervisory Engineer

Mr. Gene Whalen, Inspector

Mr. Harlan Blanton, Accident Investigator

Coal Mine Health and Safety District 8, Vincennes, Indiana
Mr. Morris Childers, District Manager
Mr. Larry Smith, Engineer
Mr. Tony Turyn, Engineer

St. Clairsville Subdistrict, 8t. Clairsville, Chio
Mr. Fred Williams, Supervisory Electrical
Inspector

Metal and Nonmetallic Mine Health and Safety, Rocky
Mountain District, Denver, Colorado

Mr. William Gardner, District Manager

Mr. Paul Talley, Senior Mine Inspector

Mr. Roland Wilson, Mine Inspector

Mr. George Schreiber

Metal and Nonmetal Mine Health and Safety, Phoenix Sub-
district, Phoenix, Arizona
Mr. Garry Day, Mine Inspector

IIT. United Mine Workers of America, Safety Division,
Bridgeport, West Virginia

Mr. Joseph Main

IV. Mine Operators and Shaft Contractors
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Underground Development Company
Mr. Leif Nordell, Project Engineer

Cowin & Company
Mr. Jerry Dowling, Chief Engineer

Delta Shaft Construction Company
Mr. Dennis McInerny, Project Manager

Centennial Constructors, Inc.
Mr. Bob Wilburn, Proiject Manager
Mr. Dale Frisch, Safety Engineer

Thyssen Mining Construction Company
Mr. James Vender, Project Manager

Ohio Atlas Construction Company
Mr. James Wyatt, Project Manager

Cementation Company of America
Mr. Gerald White, Project Manager

Anaconda Company
Mr. Jack Anderson, Project Manager

Peter Kiewit Sons, Inc.
Mr. Robert Reseigh, Project Manager

Commonwealth of Pennsylvania, Department of
Environmental Resources

Mr. Walter Heine, Associate Deputy Secretary for
Mines and Land Protection

Mr, Earl Lamont, Acting Director, Bituminous Regional
Mine Safety
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INTRODUCTION

The demands for development of America's mineral
resources, particularly the recent increased demand for coal
and uranium, have led to the development of new mines and the
expansion of existing mines. With the expansion of the mines
has come the need for more shafts for access, mineral hoisting,
and ventilation. The increase has been particularly evident in
the Eastern and Midwestern coal fields where more and deeper
shafts are being developed to reach deeper seams and to develop
areas not previously mined. It was recently predicted (Dahl,
1976) that the United States coal industry alone will require
160 new shafts each year for the next 10 years.

Problems will come with this increase in shaft-
sinking activity. New and inexperienced contractors and
operators will enter the industry, and there will be an even
greater shortage of skilled shaft miners and supervisors.

There will be an increase in the number of shafts sunk by raise
drilling or blind drilling, and additional efforts will be made
to develop shafts and slopes with downhole machines and tunnel
boring machines. The result will be an increase in the number
of accidents, many from as yet unidentified safety problems.
The actions needed to prevent these accidents must begin now.

Traditionally, the shaft-sinking industry has not
been regulated. Existing laws are in part ambiguous and are
often enforced by inspectors and other regulatory personnel who
lack the personal shaft-sinking experience necessary to apply
laws to changing conditions. Shaft sinking is a mixture of
mining and heavy construction and must be regulated as such.
Several federal agencies are concerned with shaft safety. The
Occupational Safety and Health Administration (OSHA) is res-
ponsible for enforcement of safety standards on shafts sunk for
civil construction projects. The Mining Enforcement and Safety
Administration (MESA) regulates the mining industry including
the associated shaft sinking and mine development. Since the
vast majority of recent shafts have been related to mining,
this report will deal only with this phase of the shaft industry.

Many of the problems associated with shaft-sinking
safety have been recognized, but satisfactory solutions to all
problems have not been reached. 1In an attempt to identify
specific problem areas, the United States Bureau of Mines
contracted a safety analysis of shaft-sinking operations. The
objective of this analysis was to survey and review shaft-
sinking operations for the purpose of identifying specific
hazards associated with particular equipment or techniques.

The project included a review of the various methods and equip-
ment used in shaft sinking, a study of mining laws in the
United States and major foreign mining countries, and an analysis
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of shaft accident reports. The preliminary results of these
studies were discussed in meetings with MESA District Managers,
inspectors and shaft contractors and were revised and extended
as necessary. Observations made during numerous shaft site
visits were included.

Research into the safety situation in the shaft-
sinking industry was conducted over a period of approximately
16 months. During that time published information describing
the various shaft-sinking methods, equipment, and regulations
affecting the industry was collected and reviewed. Much time
was spent reviewing the federal mining regqgulations found in
Title 30 Code of Federal Regulations to determine their ef-
fectiveness in improving shaft safety. Accident records were
obtained and studied to identify common factors in shaft ac-
cidents. The study concentrated on shafts sunk for mines in
the United States but included data from other nations as well.

It was originally intended that detailed statistical
analyses of the variables identified during the reduction of
data gathered on shaft descriptions, sinking procedures and
" accident records would be conducted. However, due to incom-
plete data and the general lack of sufficient detail on the
available information, this became impractical. For example,
because of the lack of detail, it was not possible to compare
the relative safety records of specific equipment items. Some
basic statistical analyses, however, were conducted using the
available information and these analyses are presented in this
report.

Also, in the original concept of this investigation
the use of the detailed statistical analyses in the development
of recommendations was to be emphasized. However, due to the
inherent limitations of the available data, as described above,
this was not feasible. Although some basic statistical ana-
lyses were possible, to achieve the objective of this study,
emphasis had to be placed on information gathered from the
visits to shaft-sinking sites and the interviews and discus-
sions with MESA inspectors and officials, shaft-sinking con-
tractors, and other individuals familiar with the safety as-
pects of shaft-sinking operations. Although much of the infor-
mation obtained in this manner was subjective in nature, it
brought out many problem areas that would not have been ap-
parent from numerical data alone. It is felt, therefore, that
the recommendations presented in this report are more compre-
hensive and more realistic than would have been possible with
an emphasis solely on statistical analyses.

It should be noted that this investigation has placed
heavy reliance on information input from MESA, since this
agency has enforcement authority for employee safety in all
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shaft-sinking activity related to mining. The Occupational
Safety and Health Administration (OSHA) has enforcement autho-
rity over shaft-sinking activity not related to mining and for
certain other activities at mine facilities beyond mining and
milling processes. (The division of responsibility between
MESA and OSHA was clarified in the "Memorandum of Understanding
between MESA and OSHA" published in the Federal Register,

vol. 39, no. 145, on July 26, 1974,) Since shafts for non-
mining projects are generally much shallower than shafts for
mines, the safety problems encountered would not be repre-
sentative of those encountered in the deeper milne shafts which
generally require more elaborate equipment and technigues. It
was, therefore, decided early in this investigation to concen-
trate the data gathering effort toward MESA sources and mine
shaft~sinking contractors.

The review of accident data and contractors' Employ-
ment and Production reports indicate that shaft-sinking work is
significantly more dangerous than underground mining. Accident
frequency rates for coal mine shaft projects are approximately
131.6 per million man-hours worked compared to a frequency rate
of 66.06 for all underground coal mining. On metal and non-
metal mine projects, the accident freguency rate is 157.8 per
million man-hours worked compared to a rate of 38.6 for under-
ground metal and nonmetal mining. Average injury severity per
accident expressed as the number of days lost per accident
including fatalities is $6.6 days for coal shaft projects and
231.1 days for metal and nonmetal shafts.

The accident data indicated that the leading causes
of accidents were machinery, materials handling and falls of
persons. While the accident records gave a measure of the
magnitude of the shaft safety problems, meetings with MESA and
shaft-sinking personnel provided an understanding as to the
causes.

This report is a summary of the research performed
and conclusions reached in the study. It includes recommen-
dations for revisions to the existing mining laws applicable
to shaft sinking, an inventory of recent shaft projects, and a
guide for inspectors.



I. DATA SOURCES

In order to accomplish the objectives of this
study, it was necessary to obtain the following information:

1. descriptive material on shaft-sinking pro-
cedures and equipment;

2. gquantitative data on shaft-sinking activity
in recent years;

3. descriptive and quantitative data on shaft-
sinking accidents;

4, existing safety regulations pertaining to
shaft-sinking activity; and

5. existing safety inspection procedures.

The above information has been obtained from pub-
lished documents, MESA file records, interviews and dis-
cussions with MNESA officials, shaft-sinking contractors, the
United Mine Workers of America, and from observation at shaft-
sinking sites.

Published documents which have been collected and
reviewed for this investigation include articles from both
United States and foreign literature, copies of state,
federal and foreign safety regulations, and equipment manu-
facturers' data. The literature alsoc included articles on
shaft projects published in a variety of journals worldwide,
and reports on specific projects, equipment and technique
descriptions. Emphasis was placed on obtaining details on
variations in conventional excavation methods used to bore
shafts, special techniques such as pregrouting and freezing,
equipment specifications and descriptions of safety problems
occurring from equipment operation.

Existing federal, state and foreign safety regu-
lations comprised another type of published information
collected and reviewed. Federal regulations implementing
the Metal and Nonmetal Mine Health and Safety Act and Coal
Mine Health and Safety Act are published in Title 30 Code of
Federal Regulation, Chapter 1, and are periodically revised.
It was learned that an extensive revision of the coal mine
regulations, including shaft-sinking provisions, was in
progress. Copies of the proposed revisions were provided by
the Department of the Interior and were reviewed in light of
existing regulations and industry conditions.

State mining regulatory agencies were contacted to
determine their activities in shaft safety. Applicable laws



currently in effect in Arizona, Alabama, Colorado, Kentucky,
Pennsylvania, Illinois, Tennessee, Virginia, Wyoming, Nevada,
Idaho, West Virginia, New Mexico, and Utah were studied.

kegulatory offices in foreign countries were con-
tacted to obtain copies of national and provincial mining
laws from their regions. Contacts with government officials
in these countries provided details on methods of enforce-
ment and local government policy regarding shafts and mine
development. Included in this report are reviews of mining
laws from Australia including the states of South Australia,
New South Wales, Queensland, West Australia, and Tasmania;
Canada including the provinces of British Columbia, Manitoba,
New Brunswick, Nova Scotia, and Ontario; the Republic of
South Africa; and the United Kingdom.

Fublished equipment manufacturers' data which
included specifications, descriptions and photographs were
also collected and reviewed.

Quantitative data on shaft-sinking activities in
recent years were collected from the !ining Enforcement and
Safety Administration (MESA) file records. These data
consisted of accident and production records in the files of
MESA's Health and Safety Analysis Center (HSAC) in Denver,
Colorado; shaft-sinking plans on file at the various MESA
Coal Mine Health and Safety district offices; and MESA
inspectors' reports of fatal or other serious accidents on
file in MESA district offjces throughout the country.

Although some of the production data were obtained
from published sources, the majority was obtained from
Monthly or Quarterly Employment and Production Reports pro-
vided by MESA's Health and Safety Analysis Center. The data
included mine identification number, date of report, number
of underground workers, number of man~hours worked under-
ground, number of surface workers, number of man-hours
worked at the surface, and the number of accidents reported
during the record period. These data were collected in an
attempt to calculate accident frequency rates for shafts
sunk by various methods or equipment. The information was,
however, found to be incomplete. Significant numbers of
production reports were missing and errors were discovered.
The most common error being the number of accidents reported
on the quarterly or monthly production report and the actual
number of accident reports found for that period.

The accident data were obtained from MESA inspec-
tors' reports of fatal or other serious accidents and from
accident reports filed by the mine operator with the Health
and Safety Analysis Center. Data recorded included mine
identification number, document number, accident type, date



and time of accident, shift time, victim's age, total mining
experience, total experience at the mine in which the injury
occurred, part of body injured, cause, location, eguipment
involved, degree of injury, and days disabled. The infor-
mation for coal-shaft accidents was supplied as a data
printout by the Health and Safety Analysis Center. These
data were cross referenced to the report documents to obtain
additional details. Information for accidents in metal and
nonmetallic mine shafts was obtained directly from the
accident reports.

Interviews and discussions with government and
industry personnel familiar with the safety aspects of
shaft-sinking operations provided information for this
study. These interviews and discussions were held with MESA
inspectors and officials, shaft-sinking contractors' repre-
sentatives, and representatives of the United Mine Workers
of America. The purpose of these interviews and discussions
was to obtain firsthand information from those individuals
most familiar with existing shaft-sinking procedures and
equipment, and the safety problems associated with shaft
development. Although much of the information gathered in
this manner was in the form of subjective comments and
opinions, it served to complement the previously gathered
published documents and MESA file records. Since infor-
mation was solicited from both industry and government
regulatory personnel, it is felt that a suitable balance in
viewpoints was achieved. This approach has also placed the
practicality of existing reqgulations and inspection proce-
dures into better perspective.

Visits to actual shaft-sinking sites provided
further information for this study. These site visits
allowed firsthand observation of work procedures and shaft-
sinking equipment, and evaluations of problems associated
with the enforcement of existing safety regulations.

As part of the data gathering process for this in-
vestigation, an inventory of recent shaft-sinking projects
was prepared. This inventory, which includes both domestic
and foreign shafts, contains information such as location,
mine name, owner, contractor, dimensions, site geology,
method of construction and year completed. £Eince much of
these data were obtained from published sources, some dis-
crepancies were found. For example, information such as
brief announcements of an operator's award of a contract for
a shaft or of a mine recently opened were commonly gen-
eralized or did not give the shaft name or specific location.
In tabulating this information, some projects may have been
omitted or incorrect names applied. It was therefore de-
cided to abbreviate this data group when preparing the final
inventory of shafts which appears as Appendix B to this
report.



Since the scope of work for this investigation in-
cluded an in-depth literature search of foreign as well as
U.S. sources, data similar to those listed above were gathered
from several foreign countries. TPersonnel in Canada, the
United Kingdom, the Republic of South Africa, Australia, and
Japan were contacted to obtain pertinent articles from the
foreign literature and copies of applicable safety regula-
tions. 2lso, foreign mine operators and shaft-sinking con-
tractors were contacted to prepare an inventory of recent
and current foreign shaft-sinking projects. The data gathered
by the foreign offices were transmitted to Chicago where the
data was compiled and reviewed. The gathering of all U.S.
data was accomplished by personnel in the central Chicago
ocffice.
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IT1. SHAFT-SINKING PROCEDURES

INTRODUCTION

Shafts and slopes may be sunk utilizing two basic
methods, conventional excavation or drilling. Conventional
excavation consists of three basic steps, drilling, blasting,
and mucking, and a fourth step, lining, which is also com—
monly used. This method of shaft sinking has been used to
develop the majority of shafts in existence today. It
involves the use of a variety of equipment and requires that
men work in the shaft. Conventional excavation is rela-
tively slow. Average sinking rates in North America are
approximately 45 feet per month in coal shafts (Dahl, 1376;
Wilson, 1976) and 200 feet per month in metal mine shafts
{(Wilson, 1976). In South Africa, conventional excavation
has been developed to a high degree and a sinking rate of
1,160 feet per month has been recorded (Hammond, 1975) but
required an underground crew of 450 men.

In response to increasing costs of labor and
materials and a greater emphasis on worker safety, efforts
are being made to increase shaft-sinking efficiency by
increased mechanization. Shaft drilling is simpler than
conventional excavation and may be accomplished by either
raise or blind drilling methods. 1In raise drilling, a
drilling machine bores a small diameter pilot hole from the
surface to a level in an existing mine. A large diameter
bit is taken into the mine and attached to the drill stem.
The drilling machine then pulls the drill bit to the surface
widening the shaft to full diameter. Cuttings and broken
rock fall to the bottom and are removed. To date, shafts
excavated by raise drilling have been limited to circular
shafts up to 16 feet in diameter.

In blind drilling, machines drill large diameter
holes downward from the surface with the cuttings being
removed up the shaft to the surface. To date, blind drilled
shafts have been limited to approximately 12 feet in diameter.

Due to the increased costs and low production of
conventional methods and advances in shaft drilling equip-
ment and procedures, the shaft industry is in a state of
transition. The following sections outline current practices
in shaft-sinking work and present information describing the
recent trend to bored shafts., The descriptions are based on
published reports and cbservations made during visits to 16
shaft projects which included 25 shafts, 8 slopes, and 2
tunnels.
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GENERAL, OPERATIONS AND SITE PREPARATION

Regardless of the method used to sink the shaft,
several initial steps are standard. In most shaft projects
the owner's responsibility consists of preparing the site
and providing electric power, including transformers, at the
shaft site. The mine owner will usually centract for the
shaft development. The contracts vary in extent but are
usually limited to the sinking of the shaft with only limited
development work at stations. A few mine owners sink their
own shafts or slopes. This is done when men and equipment
are available and time is not a major consideration. Several
qualified sources have stated they believe that shafts sunk
by owners are generally safer projects than those sunk by
contractors. This view is held chiefly because the owner has
the time available and he is not pressed by contract regquire-
ments for early completion.

Generally, shaft site preparation and construction
of final surface facilities are handled either by the mine
owner or a general contractor. The initial steps in site
preparation may be used regardless of the methods used to
gink the shaft. Preparation of the proposed shaft site 1is
conducted as any earthwork project. In areas where ground
water or highly fractured rock may be a problem, the mine
owner or a contractor will pregrout or freeze the site area
in an effort to stabilize conditions.

Grouting is the injection of a cementing agent
under pressure into an area of unsuitable ground to increase
its stability or reduce the rate of ground water flow.
Several types of grout are available. The most common con-
sists of Portland cement either alone or with a filler such
as sand or bentonite. Chemical grouts are also available
for use where cement grout is unsuitable. These agents con-
sist of two or more substances which react to form an in-
soluble precipitate or silica gel. The precipitate fills
small voids and seals ground water flow. Grouting work is
conducted prior to shaft sinking. The entire depth of the
shaft may be pregrouted or grouting may occur in stages as
the sinking progresses. Grout injection holes are drilled
around the shaft, often at a variety of angles. This prac-
tice insures that all potential fractures are found and
grouted. The liquid grout is pumped into the injection
holes under pressure and allowed to solidify before sinking
continues. Care must be taken during sinking, particularly
during blasting, to insure that overbreak is kept to a
minimum and that no unnecessary fractures are created which
will destroy the grouting effect.

Several sites visited in the course of this study
had been grouted. Grouting had been only partially successful
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and the shaft contractor was faced with handling a certain
volume of water. In other cases, the site was not pre-
grouted either because water was not a problem or because
the owner wished to avoid the expense. If ground water was
in fact a problem, the shaft contractor was forced to solve
it before real progress could be made.

In areas of saturated soil or similar saturated
flowing ground, freezing may be employed to form an imper-
vious ice barrier through which the shaft may be sunk. The
ice barrier must be firmly anchored into an impervious
stratum below the saturated zone. In addition, the rate of
ground water flow must be relatively low.

The first step in the freezing process is the
drilling of the freeze holes. These are usually arranged in
a circle concentric with the proposed shaft centerline. It
is important that these holes not allow gaps to exist between
the freezing pipes at depth and prevent formation of the ice
barrier. Next the refrigerant circulation system is in-
stalled. This system consists of refrigeration units,
pumps, and circulation pipes. The refrigerant is usually a
brine such as a calcium chloride solution. The refrigerant
is circulated in the ground through a system of concentric
pipes. The fluid is pumped down through the inner pipe and
returns through the outer.

The time necessary to form the ice wall varies
with the type and temperature of the ground water and with
the concentration of dissolved minerals. The ice barrier
begins to form as a frozen zone around each refrigerant pipe
and grows until the zones from adjacent pipes merge. When
the ice barrier closes the remaining unfrozen water at the
shaft center is forced upward. An observation well in-
stalled on the proposed shaft centerline is used to monitor
the ground water level as an indication of freezing progess.
Once the entire area is frozen, shaft sinking can begin.
Extreme care must be taken to prevent damage to the ice wall
and circulation system during blasting. Placement of con-
crete lining is usually not seriously affected by the frozen
ground, Upon completion of the shaft the refrigerating
system is disconnected and the ground is thawed naturally or
artificially by circulating warm fluids.

CONVENTIONAL EXCAVATION

Once the site is prepared, shaft sinking can
begin. The most common method used in the United States has
been conventional excavation, wherein men enter the shaft to
drill, blast and muck (remove) the broken rock. The work
begins with initial excavation which includes removal of
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overburden to firm bedrock or other predetermined depths.

At that time the sinking headframe and hoist are installed
and the shaft collar is placed. The shaft is then sunk by
the drilling, blasting, mucking and lining sequence. The
following sections describe these operations in more detail.

Initial Excavation

Generally, the initial shaft excavation is begun
by excavating to firm bedrock. This is commonly done with a
backhoe or a crane and clamshell. Once the overburden is
excavated and supported, the shaft will be sunk by drilling
and blasting to a depth sufficient to allow installation of
a work deck, if desired, or the construction of a sinking
headframe. This material may be mucked with the crane and
clamshell or a shaft-mucking machine may be lowered and
used. The depth to which the initial excavation is carried
varies according to the contractor's procedure and MESA's
enforcement policy in the various districts. The shaft must
be deep enough to protect the headframe and work deck against
blast damage during deeper shaft-sinking operations.
Safety requirements for man hoisting, however, require a
substantial hoisting system and shaft guides. In one MESA
district the policy may require that the sinking headframe
and hoist be installed when the shaft depth reaches 50 feet.
In other districts initial excavation may be carried to 100
feet.

At the conclusion of the initial phase, the con-
crete lining is placed to the depth sunk and the shaft
collar is poured, the sinking headframe and holst are in-
stalled, and the work deck is constructed. Ventilation is
established if not already installed.

Drilling and Blasting

Following completion of the initial excavation,
deeper shaft sinking is accomplished by drilling holes for
charges in the shaft according to a pattern, blasting the
charges, and removing the debris. The cycle repeats, thus
deepening the shaft after each series.

Drilling - Drilling of holes for blasting is done
with pneumatic percussion drills, either by hand held sinker
drills or mounted on a shaft drill jumbo. Before drilling
begins the rock surface is blown clean with water and air to
locate any misfired charges left from the previous blast.



II-5

When hand held sinker drills are used, an equip-~
ment rack containing the drills, drill bits and supplies is
lowered to the shaft bottom. Commonly, four or five miners
are needed to drill the round. This has the advantage of
speed in setting up but creates congestion on the shaft
bottom.

Shaft drill jumbos, frames upon which several
drills may be mounted, offer several important advantages
over hand held drills. The jumbo provides greater control
of the drills and allows the use of a single length of drill
steel to drill each hole. With the use of a shaft drill
jumbo one miner may operate several drills, thereby reducing
congestion and the likelihood of accidents. The Jjumbos also
allow greater control of the shape and depth of the pattern
but require a longer period to set up in the shaft.

Blasting -~ The shape and depth of the blast pattern
are extremely important factors in the excavation cycle.
The shape of the pattern is determined by the ground con-
dition and by the type of mucking equipment being used. The
two basic patterns are the full face and bench (Fig. 1).
With the full face pattern the entire bottom of the shaft is
drilled and blasted in a single 1lift, This method is gen-
erally preferred when using mechanical mucking equipment and
results in a higher advance rate (Stevens, 1973). Under
extremely wet conditions or in areas of high rock pressures
the bench pattern may be preferred. 1In the bench pattern
half of the face is drilled and blasted in each shot. In
this way, the muck is confined to one area and a sump is
provided to allow pumping of excess water. When high rock
stresses are present the use of the full face pattern may
result in continued bursting of the bottom and produce a
concave bottom which is difficult to drill and muck. This
problem is reduced with the bench patterns (Radpath, 1971}.
The attached figure illustrates the various patterns used.

The depth of the pattern is particularly important
in achieving the maximum rate of advance. It is, however,
limited by the size of the shaft, ground conditions, and
overbreak produced. :

After drilling the desired pattern, the rock must
be blasted and removed. Selection of the proper explosive
to be used is made based upon several factors. Commonly a
40- or é60-percent gelatine explosive is used. The agent
used should be unaffected by water. Drill water or ground
water may collect on the shaft bottom and, unless the proper
agent is used, misfires may result.
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Learly all of the shaft sites visited used a
blasting machine to fire the charges. One contractor,
however, uses a separate blasting circuit encased in an
armored cable. This circuit is kept de-energized and locked
until ready for use. The cable is stored on a reel at the
shaft collar and is connected in the hoist house.

Additional safety procedures required for blasting
in all underground mining are also followed. These proce-
dures are defined in Title 30 CFR Subchapter ¥ Part 57 for
Metal and MNonmetal Mines and Subchapter 0 Part 75 for Coal
Mines.

Following the blast, time is allowed for the ven-
tilation system to remove the dust and fumes. Miners then
enter the shaft and carefully examine it for air gquality and
stability of the walls. Loose material is scaled down and
preparations initiated for mucking.

Mucking

Following the post-blasting inspection, the muck-
ing or debris-removing machine is lowered to the shaft
bottom. Commonly three or four miners work on or near the
bottom during mucking. When the Limco 630 (Section III)
machine is used, three men work on the bottom. This crew
consists of an operator, helper, and one miner to position
the muck buckets. When the Cryderman, cactus grab or back-
hoe are used only one or two men are needed on the bottom to
position the buckets, since the mucker operator works from a
control panel on the stage or mounted on the shaft wall.

One contractor visited during this project uses a small
clamshell bucket for mucking. This method uses four men on
the bottom. The mucker operator controls the clamshell with
a button box. Two miners swing the clamshell using taglines
attached to opposite sides of the device. fThe fourth miner
positions the muck buckets.

Once the broken rock is loaded into buckets, it is
hoisted to the surface. It is common practice to raise the
bucket off the bottom and steady it prior to hoisting. 2t
that time loose material which may be stuck to the bucket is
removed to prevent it from falling during hoisting.

Commonly, two or more buckets are used, with one
bucket being hoisted and dumped while the second is being
loaded, to speed the mucking cycle. The loaded buckets are
hoisted to the surface and dumped. If a fixed headframe is
used, the buckets are raised into the headframe and a dump
chute is moved over the shaft collar beneath the bucket.
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The bucket is lowered onto the chute and dumped. The bucket
is tipped by engaging a short chain into steel projections
fitted on the chute floor. When the stiff leg derrick or
crane is used the loaded bucket is swung away from the
collar for dumping.

Ventilation

Ventilation in shafts and slopes is essential for
safe shaft operation. Common ventilation methods on United
States shaft projects use a 40~ to 1l00-horsepower electric
fan with 24- to 36-inch diameter vent tubing. The fan is
offset at least 15 feet from the shaft collar as prescribed
by law and is installed to 24~ to 36-inch diameter steel or
fiberglass ventilation tubing. The tubing extends into the
shaft and is kept 30 to 70 feet from the bottom at all
times. %0 prevent damage to the steel tubing during blas-
ting, a section of flexible tubing is used on the lower end
of the system. The fans are reversible and may be set to
blow air into the shaft or exhaust air from the shaft. Most
commonly the fan blows air into the shaft through the tubing
with the air being returned up the shaft. The ventilation
system commonly produces a volume of 9,000 to 10,000 cubic
feet of air per minute at the end of the tubing.

Lining

Nearly all modern shafts are concrete lined to
provide support, to seal out excess water, and to protect
the wall rock from deterioration. Thickness of the lining
may vary but is commonly 1 foot thick. Placement of the
lining may be done in stages either following shaft sinking
or concurrent or alternating with excavation.

Shallow-to-medium depth shafts in competent rock
can be lined after excavation to finished depth after sin-
king. This practice allows rapid sinking of the shaft since
lining work does not interfere. Lining operations also
progress rapidly as slipforms may be used starting at the
bottom., There is, however, the danger of wall deterioration
and falling rock and the potential for problems encountering
zones of fractured rock or high water flow.

Lining may also be done concurrently with sinking
operations. Two work crewsS are reqguired, one sinking the
shaft while the other places the lining. This method is
common in the Republic of South Africa and is fast but
becomes costly since a large workforce and complex equipment
arrangements are required. Close supervision and careful
planning are essential. Safety problems may develop if
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sinking progresses faster than the lining. In this case the
sinking crew works far below the work platform and is ex-
posed to hazards of falling rock and other materials. Other
problems arise from the increased amount of hoisting re-
quired to simultaneously handle muck removal and concrete

haulage.

The most common procedure in the United States and
Canada is the method of alternating sinking and lining. This
method is particularly well suited to deep shafts or areas
of unstable ground. In this method one work crew is required
for each shift. 8Sinking progresses a predetermined distance,
then lining is placed. The amount of wall, or rib, exposed
prior to lining is established by local regulation or by
ground conditions.

Temporary support may consist of rock bolts, bolts
and wire mesh, or gunite. The exact type of support should
be determined by ground conditions. When rock bolts are
used they are commonly 5 feet long and placed on centers of
4 and 5 feet. The bolts may be the expansive shell type
installed to a specified amount of torque or they may be
resin grouted into the rock. 1In areas of particularly bad
ground wire mesh may be used in conjunction with the rock
bolts. The mesh is anchored to the bolts and aids in re-
taining base blocks which might otherwise fall into the
shaft. Gunite or shotcrete is also commonly used as a means
of support. The gunite may be applied directly to the rock
or it may be used in conjunction with rock bolts and wire
mesh for additional strength.

Placement of the finished concrete lining begins
when the sinking operation has exposed a desired length of
rib. At that time one additional round is drilled and
blasted. The muck from this round is left in place until the
lining is installed., Reinforcing steel is assembled and
placed into position around the rib. The steel forms are
then lowered into position at the bottom of the interval to
be lined. These forms are comprised of several sections and
often incorporate bunton boxes which will provide for an-
choring of steel sets in the finished shaft.

A ring of forms is completed by the insertion of a
keyway. Each ring of forms is commonly 5 to 10 feet high.

Concrete for the lining is batched on the surface.
The mix is commonly a high early strength design and may
contain accelerators to speed setting. The concrete is
transported to the shaft form by bucket or slickline. When
buckets are used the concrete is placed into the forms
through an "elephant's trunk". The slickline is a system in
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which the concrete is dropped down a pipe anchored into the
shaft wall. Provision may be made on the work deck to remix
the concrete prior to placing in the forms. Remixing pre-
vents segregation of the concrete after dropping through the
slickline.

After the concrete in the forms has set, the short
keyway section of the forms is removed and the form segments
are stripped. The work deck is raised and the forms are
positioned for the next segment of lining. The process is
then repeated until the entire segment of lining is complete.
When sinking resumes, the muck is first removed from the
last round blasted. The new lining is then left above the
shaft bottom and is protected from damage during the blasting.

In shafts where excessive ground water is a
problem, water rings are constructed in the lining. Water
rings (Fig. 2} are recessed areas in the lining in which
excess water is collected and channeled to a sump for pumping.
The water rings may be drained through pipes inside the
shaft leading to a sump or, as seen at shaft sites visited,
a well is used. With this method a borehole is drilled
outside the perimeter of the shaft and other connecting
drains are drilled from the water rings to the borehole. An
electric submersible pump is then placed in the borehole and
the water is pumped to the surface. In this way the water
is handled outside of the shaft and does not interfere with
shaft sinking.

In some shafts shotcrete or gunite may be used in-
stead of concrete to form a full shaft lining. Gunite and
shotcrete are mixtures of cement, water and aggregate that
are applied by spraying. The only difference between them
is aggregate size, with shotcrete containing the larger
material. A shotcrete or gunite lining several inches thick
may be applied rapidly without the need for forms. This
type of lining is commonly placed over a wire mesh anchored
with rock bolts.

SHAFT DRILLING PROCEDURES

Procedures used to drill shafts, whether by raise
or blind drilling, are simpler than those of conventional
excavation. Presently, raise drilling has developed further
than blind drilling and is more widely used. Blind drilling
is slightly more complex and is still not fully applicable
to shaft construction. Ralise and blind drilling are ex-
plained in more detail in the following sections.
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Raise Drilling

Raise boring or drilling the shaft up from an
existing mine level to the surface is relatively simple.
The shaft site is prepared as described in the GENERAL
OPERATICONS section.

The presence 0f large amounts of ground water must
be determined. If such conditions exist the shaft zone
should be carefully grouted to seal off the potential flow
of water. While the water would present little problem to
the raise drilling equipment it could be a serious problem
for the mucking operation and present problems for the
mine's dewatering system.

If the shaft will connect two levels within a
mine, the upper level may be enlarged to provide adequate
working space. Once the drilling machine is in place on the
surface, a pilot hole is drilled. This is generally a 6- to
11-inch hole drilled downward the full depth of the proposed
shaft. When the pilot hole reaches the proper level, the
cutting head is assembled and attached underground. The
shaft is enlarged by pulling upward on the drill stem while
the cutting head is rotated. The enlargement of the pilot
hole to the final diameter of the shaft may be done with a
single pass of the cutter. 1In larger diameter shafts mul-
tiple passes are used. When the final diameter is reached
the boring machine is removed and the shaft is completed by
l1ining and the installation of facilities.

The mucking operation and haulage of muck to the
surface should be carefully planned. During drilling, the
cuttings drop to the bottom of the shaft and must be removed
through the existing mine. This is done by the mine owner's
locad-haul-dump units, loading machines or similar equipment.
The muck is removed as general mine waste. This material
must be removed efficiently to prevent delays with shaft
drilling. It must also not be allowed to interfere with
normal haulage and production in the mine.

As men are not working in the shaft being sunk,
installation of sustaining ventilation through the shaft is
not necessary. During raise drilling operations in coal
mines, care must be taken to prevent the accumulation of
explosive airborne dust or methane in the shaft between the
cutting head and the muck pile. Such accumulations may be
prevented by a water spray at the drill bit or by venti-
lation. Ventilation may be provided by blowing or exhaus-
ting through the drill stem. Ventilation for work at the
base of the shaft is supplied through hoock~up to the exis-
ting mine's system.
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Although raise boring of shafts is inherently
safer than conventional means, there are some problems
associated with raise drilling. For example, the pilot
holes must be drilled accurately to encounter the desired
mine level properly. This must be done through several
hundred feet of overburden of various lithologies. The
driller must use care to prevent the bit from walking on
hard strata and to maintain a straight hole. Also, men in
the existing mine below rwust be cautioned to avoid working
under the cutterhead whether or not actual drilling is
occurring. This is especially important when the cutterhead
is near to breaking out at the surface, where weathered or
broken rock may cave into the shaft. The accumulation of
potentially explosive dust and gas in the shaft has already
been mentioned.

Blind Drilling

Blind drilling is the development of large diameter
holes from the surface. The method does not require prior
access through an existing mine to the hole bottom. The
shaft may be drilled to full diameter with a single pass of
the drill tocls. If access is available to the shaft bottom
through an existing mine, the shaft may be drilled by making
successive passes with larger diameter drilling tools. With
this method the cuttings are removed from the shaft via the
pilot hole and the existing mine's haulage system much like
in raise boring.

Blind drilling has not been used extensively in
the mining industry due to shaft size limitations. To date,
blind drilled shafts have been limited to approximately 12
feet in diameter. This limit has resulted from technical
problems associated with cuttings removal, shaft alignment
and lining construction.

The equipment and procedures used in blind dril-
ling are basically modifications of o0il well drilling tech-
niques. The drilling machines used in blind drilling shafts
are commonly standard, oil-well drilling machines. Minor
modifications may be made to the platform to handle large
cutting heads but the drive motors, derrick and draw work
are unchanged. Recently several models of large raise
boring machines have been developed which may be converted
to blind drilling.

The drilling tools include the equipment used in
the shaft to cut the rock and stabilize the hole. Actual
cutting is done with bits of the types shown on Figure 22.
Depending on the nature of the rock to be cut, the bits may
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be milled tooth, disc, kerf or tungsten carbide button
insert cutters. The bits are mounted on a large circular .
disk or cutterhead. (Figure 24 shows a type of cutterhead
manufactured by the Reed Tool Company.)

The cutterhead is fitted to the end of a large,
heavy mandrel which provides weight to aid cutting and
stabilize the hole. The mandrel's weight may be increased by
the addition of large steel weights. The mandrel assembly is
illustrated on Figure 25.

The drill tools are connected to the drilling
machine usging drill stem pipe. The drill stem is hollow to
allow passage of the drilling fluid. The drilling fluid
serves the dual functions of cooling the bits and removing
the cuttings. The fluid may be water, air, mnud, foam, or a
water and compressed air mix, The flulid aids removal of
cuttings from the bits and transports them to the surface.
The removal cof the cuttings has been a major obstacle to the
development of blind drilling operations. In conventional
drilling work, the drill stem is relatively large in compari-
son to the hole diameter. This allows the drilling fluid to
be pumped into the hole through the hollow drill stem and
back to the surface through the small annular space between
the drill rods and rock wall. The fluid is tightly confined
and adequate pressures are maintained to easily 1ift the
cuttings to the surface, In blind drilling, however, the
drill stem is small compared to the diameter of the hole and
conventional circulaticn is often inadeguate to remove the
cuttings. 7o solve thig problem, a system of reverse circu-
lation may be used. With this system the shaft is kept
filled with the drilling fluid to a depth sufficient to
stabilize the hole. The drilling fluid is then pumped from
the hole through the drill stem. In this manner adequate
pressure is maintained and cuttings are removed.

Lining }

Installation of the shaft lining has presented
some problems in both raise and blind drilled shafts. In
drilled shafts the lining is installed after completion of-
the drilling. The lining must be installed in sections and
placed in the shaft or men must enter the shaft and con-
struct the lining. Either method requires that the shaft
walls be sufficiently stable to allow the hole to stand open
throughout the drilling operation. In some shafts a steel
lining is used. The steel linings are manufactured in
‘'sections. The sections are lowered into the shaft using
jacks or the drill's draw works and assembled. This method
is limited to small diameter shafts since the weight of the
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liner requires a very large hoisting system during instal-
lation. Once the liner is in place, grout is pumped behind
it to seal ground water and to fix the liner in position.
This is also a difficult operation since high grout pres-
sures may easily collapse the liner.

Concrete lining may be attempted to avoid some of
the problems associated with steel liners. The concrete
liner, however, must be placed by men working in the hole.
The shaft must first be drilled to its planned depth and the
drill tools removed. Suitable heoisting equipment, work
decks and forms must be used to construct the liner. An
alternative to the concrete lining is the use of shotcrete
or gunite. Placement of this type of lining still requires
men to enter the shaft although there is less equipment
required.

OTHER METHODS

Other attempts to mechanize shaft and slope sinking
include the use of tunnel-boring machines to drive a slope
for coal mines in Pennsylvania. In these trials a tunnel-
boring machine was modified to meet MESA permissibility
requirements and was successfully used to bore 17-degree
slopes at several western Pennsylvania mines.

Downhole machines function in vertical shafts much
as a tunnel-boring machine does in a horizontal opening.
The machines advance the shaft by drilling and provide a
platform from which the lining may be constructed.

Downhole machines consist of a steel frame which
may be secured against the shaft walls by hydraulic jacks.
The frame provides support and contains the motors used to
power the cutting head. The head containing the cutters is
rotated by electric motors and forced against the rock by
hydraulic pistons.

Several modified designs of downhole machines have
been developed. An early design (Cobbs & Reeder, 1973)
developed in 1954 advanced the shaft by cutting a 4-inch-
wide kerf around the perimeter of the shaft. This produced
a section of rock core up to 3-3/4 feet long which had to be
removed. The initial design had a hydraulic thrust of
100,000 pounds and a capacity to drill a 76~inch diameter
shaft. The machine was modified to drill a l12-foot diameter
shaft by cutting the full face at once. The modification
used a pilot hole to remove muck by dropping it to the mine
below, much like a raise drill system.
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Another full face downhole machine was developed
by Dravo Corporation's Zeni-McKinney-Williams Corporation.
This machine employed a full shaft diameter face sharply
angled to allow cutting to fall in the center. Muck was
removed through a 10-inch diameter discharge line. 2 shaft
17 feet 4 inches in diameter was attempted with partial
success with this machine.
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ITI, SHAFT-SINKING EQUIPMENT

INTRODUCTION

As discussed in the previous section shafts may be
sunk by conventional excavation or they may be drilled using
either raise drilling or blind drilling technigues. When
conventional excavation methods are used, men enter the
shaft to drill, blast and load, or muck, the brcken rock.
This method includes the use of a wide variety of machines,
many of which present safety hazards to the miners especi-
ally when used in the confines of a shaft. Drilling methods
are being used with greater frequency to sink shafts because
they do not require men to work in the shaft, are generally
faster, and are more economical than the conventional tech-
nigues.

The following discussion describes the various
types of equipment used in shaft-sinking work. The first
section will deal with that equipment used in conventional
excavation. The later sections will briefly ocutline the
machines used in shaft drilling.

CONVENTIONAL EXCAVATION

Conventional excavation requires a large initial
investment in skilled workers and equipment including the
extensive surface operation of hoists, headgear, shaft con-
veyances and ventilation equipment. Additional underground
equipment including drills, excavators, forms and work plat-
forms are also needed. All of the equipment must meet
requirements of state and federal mine safety laws.

The following sections describe the various types
of equipment used in conventional excavation shaft-sinking.

Holisting Systems

The hoisting system is perhaps the most critical
component in conventional shaft excavation. In vertical
shafts or steeply inclined slopes, the hoisting system is
the sole means of access.

Men and materials are raised and lowered by means
of the hoist. The hoist is used to raise the broken rock to
the surface for disposal. This vital system must be properly
installed and maintained to protect the lives of the miners
and to speed progress of the work.



I1I-2

The hoisting system is composed of a number of
related machines, the hoist, controllers, rope and sheaves,
headgear, and conveyances., Each component is vital to the
performance of the system. Other equipment related to the
hoisting systems include work decks and winches.

The various types of egquipment used in hoisting
systems are described in detail in the following sections.

Hoists - Hoists are mechanically driven drums
which raise or lower a load by winding in or playing out a
length of wire rope.

There are two basic types of hoists in use today
-= the friction, or koepe, hoist and the drum hoist. The
friction hoist operates by passing a rope around a moving
drum, while the drum hoist winds the rope onto a drum where
it is stored. The drum~-type hoist, driven by an electric
motor, is the hoist most commonly found on shaft projects.
Power is transferred from the motors through a set of re-
duction gears and clutch to the hoist drum. The hoist is
stopped with a hydraulic brake system acting on the hoist
drum. Figure 3 illustrates these two principal types of
hoist brakes.

Drums of variocus diameters are used. Projects
visited as part of this study used hoist drums ranging from
26 inches to approximately 8 feet in diameter. In all cases
the hoists were substantially mounted on concrete footings
and enclosed in temporary shelters for protection.

Controllers - In hoist operations, equipment
failure or human errcor may cause the hoist to raise or lower
its load accidentally with excessive speed or to pull the
conveyance beyond its landings at the shaft bottom or surface.
To prevent such accidents nearly all hoists are fitted with
limit controls to protect against overspeed and overwinding.
Automatic stop or deadman controls are provided as a pro-
tection against failure by the hoistman. The most common
types of overspeed/overwind controls used today are the
Lilly and Simplex controls manufactured by the Logan Actu-
ator Company of Chicago (Fig. 4). These devices are mounted
on the hoist and are gear driven from the hoist drum.

~

Overspeed controls consist of a fly ball governor
and are commonly set to activate when movement of the con-
veyance exceeds a predetermined speed. In coal mine shafts
the maximum speed is set at 575 feet per minute or 15 percent
above the maximum man-hoisting speed of 500 feet per minute,
In metal and nonmetal mines the controllers are set to 115
percent of an arbitrarily selected speed. When this speed
is exceeded, the controller automatically cuts power to the
hoist and applies the brakes.
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Overwind and underwind controls are designed to
prevent the convevance from being moved wvertically in the
shaft beyond preset upper or lower limits. In shaft-sinking
work the underwind or bottom limit is usually omitted since
the shaft depth changes often and would require frequent
control adjustments. Safety under these conditions depends
on the alert operator and an accurate depth indicator. The
overwind or upper limit control is nearly always used. '

The wind controllers consist of a moveable circular
metal track and fixed contact. A wedge-shaped cam is fitted
on the circular track at a point which coincides with the
desired upper limit of hoist travel. As the conveyance is
raised, the circular track rotates beneath the fixed contact
point. When the conveyance nears the desired stopping
point, the track's rotation moves the cam under the contact
point causing the contact to rise. Movement of the contact
halts the hoist drum by cutting power and applying the
brakes (Fig. 4).

The controller is not used routinely to stop the
hoist, rather, it is designed as an automatic system to stop
the conveyance should the hoistman exceed normal speeds or
limits of travel.

Rope = Wire rope, connecting the hoist and convey-
ance, 1is the critical component of the hoisting system.
Proper selection, installation and maintenance of the rope
is essential if it is to perform satisfactorily and safely.
The following terms are used to describe the component parts
of a rope and are necessary to an understanding of rope
construction and performance:

Wire - The basic element of a wire rope is a single
metallic wire. It may be either round or
shaped.

Center - The center is the axial member of a strand
about which the wires are laid. It may be
cotton or polypropylene fiber or one or more
wires.

Strand - A strand is a plurality of round or shaped
wires helically laid around a center in one
or more layers.

Core - The core of a wire rope is the axial member
around which the strands are laid to form a
wire rope. It may be either steel, natural
fibers, or polypropylene.
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Rope - A number of strands laid helically around a
core form a rope.

Figure 5 illustrates the construction of a typical wire
rope.

Standards for the installation and use of wire
rope are established by American National Standards Insti-
tute (ANSI} Specification M11,1-1960, "Specifications for
Use of Wire Rope in Mines". This publication is cited in
current federal regulations as the accepted standard for use
of wire rope. Among the factors which must be considered
with respect to rope construction and diameter is the dia-
meter of the hoist drum and sheaves, the fleet angle, and
the factor of safety. ANSI standards specify the proper
ratio of rope diameter to sheave and drum diameter for most
common types of wire rope. This ratio is important since it
determines the amount of bending imposed on the rope when it
is wound on the hoist drum or when passing over the sheaves.
Excessive bending damages the rope core and wires, and leads
to early rope failure.

The fleet angle is the angle between the position
of the rope at the extreme end wraps on the drum, and a line
drawn perpendicular to the axis of the drum through the
center of the nearest fixed sheave (Fig. 6}. This angle is
extremely important as it has a direct bearing on the way
the rope winds on the drum. Improper winding of the rope
leads to excessive wear and early failure.

The factor of safety is perhaps the most important
consideration in the selection of rope for a specific pur-
pose. The following table lists the required factors of
safety for ropes in mine hoisting.

Factors of Safety

Minimum for Minimum Allowed
Mine shafts New Rope Rope Must Be Retired
Depths to 500 feet 8 6.4
Depths of 500-1000 feet 7 5.8
Depths of 1000-2000 feet 6 5.0
Depths of 2000-3000 feet 5 4.3

Depths of 3000 feet or more 4 3.6
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FIGURE 5
WIRE ROPE CONSTRUCTION
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The factor of safety is calculated using the
formula:

Nominal Breaking Strength of Rope
Maximum Weight of Conveyance
+Maximum Weight of Suspended Rope

|

Factor of Safety* =

Headgear - The headframe (Fig. 7) supports the
main sheave for the hoist rope and may be used to support
other ropes for winches or form hoists. The headframe may
also contain a dump chute into which muck buckets are emp-
tied. On most United States shaft projects a temporary
headframe is used while the shaft is being sunk. This
temporary headframe is replaced with a permanent headframe
upon completion of the project, and is moved to other job
sites as needed. The temporary sinking headframe is a steel
structure of varying size. 8inking headframes in use at the
sites visited in this study ranged from approximately 50 to
80 feet in height. There are several designs of sinking
headframes. One type is designed to be erected directly
over the shaft collar allowing the hoist rope to pass through
the center of the headframe. Another type is designed to be
erected adjacent to the shaft with the main sheave mounted
as a cantilevered beam over the shaft.

Other types of headgear may be used in the hois-
ting system in addition to sinking headframes. During
initial stages of shaft excavation, truck-mounted cranes may
be used for mucking and access. These cranes are moved away
from the collar to prevent damage from fly rock when blas-
ting. The cranes may be used scolely for mucking when no men
are in the shaft., If they are used to transport men they
must be fitted with overspeed and overwind safety devices.

Several contractors or mine operators sink shafts
using stiff leg derricks or tower cranes as headgear. These
devices may be used alone or in conjunction with a head-
frame. The stiff leg derrick is used in conjunction with a
conventional drum hoist placed in a hoist house behind the
derrick and fitted with suitable brakes and limit controls.
The tower crane is the type commonly used on civil con-
struction projects. It is also fitted with safety devices
including an automatic control to cut the hoist power if the
operator attempts to lift a load greater than a preselected
limit,

*Source: ANSI Specification M11.1-1960, page 31.
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Both the stiff leg derrick and tower cranes have
the ability to swing their loads away from the shaft collar.
In this way it is not necessary to load men or materials or
dump muck over the shaft collar,.

Platforms - Platforms, work decks, or Galloway
stages of various types are commonly used in shaft projects
to provide an area for construction of the shaft lining or
while installing service lines.

Single-deck platforms are commonly used as a tem-
porary stage while placing concrete. This type of deck
consists of several sections of wood or steel mats which are
jacked against the concrete forms. Once the concrete is
placed, these platforms are freed and pulled from the shaft.

More elaborate multi-~deck Galloway stages remain
in the shaft during the entire sinking operation (Fig. 8).
In the United States the most common type of stage consists
of one to three decks. Since the platforms remain in the
shaft they are fitted with wells to allow passage of muck
buckets and supplies. The platforms are suspended by ropes
mounted on hoists at the surface. Commonly, two hoists and
ropes are used. The rope may be rigged as a single-~part
line, in which each rope extends to the bridle chains sup-
porting the stage. Other stages are suspended using a two-
part line system. In this case each support rope extends
from the hoist through a sheave at the shaft collar or
headframe, over two sheaves on opposite ends of the work
deck, and back to a deadend connection on the shaft collar.
Although some types of mucking machines may be suspended
from the stage, this practice is not common in the United
States. It is common, however, to use the stage to free and
transport steel lining forms.

In sinking the extremely large and deep shafts in
South Africa large Galloway stages are commonly used. The
top deck provides overhead protection for the workmen.
Intermediate decks are used to install concrete forms, pour
concrete, and/or install service lines. The bottom deck may
be used to suspend a cactus grab or similar mechanical
mucking device. These large stages may be more than 70 feet
high and weigh more than 70 tons (Rood & Upton, 1968).

Buckets - In shaft-sinking operations the muck
bucket (Fig. 9) is the all-purpose conveyance for handling
debris, supplies and men. The buckets may range in capacity
from approximately 2 to 8 cubic yvards. They are hung from
the main hoist rope in either of two basic methods. They
may be attached by a system of three bridle chains located
at 120-degree intervals around the bucket rim, or they may
be suspended by a bail which is mounted on the bucket sides
or bottom and allows the bucket to be tipped to dump muck.



III—l}‘

COURTESY OF ELGOOD MAYD CORP,

FIGURE 7
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When men are transported in the bucket, an addi-
tional system of safety chains is required. These chains
must be securely fastened to the hoist rope at least 3 feet
above the bucket attachment.

Crossheads, Safety Catches, and Guides - Cross-
heads are commonly used in conjunction with rope guides to
prevent buckets from swinging or spinning while being hois-
ted. The crossheads are steel structures that ride on
platform suspension ropes and are designed to lock onto the
main hoist rope at the bucket attachment to provide sta-
bility for the bucket (Fig. 10).

Included in crossheads are safety catches which
are designed to engage and halt the bucket in the event the
main rope becomes slack or fails. Such safety catches are
not required by current federal regulations on buckets used
in shaft-sinking work. They are, however, regularly used on
cages and skips at producing mines. In producing mines the
conveyance rides on a wooden or steel guide which provides a
satisfactory medium for engaging the safety catches. In
shaft-sinking work fixed guides are not used and the cross-
heads must ride on rope guides.

Several contractors use a temporary line as a
shaft guide. These operators do not use a work deck and do
not have guide ropes available. Their system consists of a
weight, generally a 5-gallon bucket filled with concrete,
hung from a small diameter rope on a tugger hoist. This
weight is lowered to the shaft bottom and serves as a guide
rope. Men in the bucket secure a rope sling around the
guide rope and either secure the sling to the bucket or hold
it by hand.

Winches - In addition to the main hoist and work
deck hoists, small air winches (tuggers) are commonly used.
These winches are used for a variety of tasks, including as
an emergency escape system if power to the main hoist fails.
They are also employed to lower concrete slicklines, remix
chambers, and handle concrete forms and steel ventilation
tubing. One contractor employs a set of four tugger winches
at the collar to move his sliding steel shaft cover and to
move a clamshell mucker on the shaft bottom.

Drilling Equipment

Drilling of holes for blasting is done with pneu-
mati¢ percussion drills, either hand-held sinker drills or
mounted on a shaft drill jumbo.
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Sinker Drills - The hand-held jackhammers or
sinker drills (Fig. 11) range in size and weight from ap-
proximately 25 to 80 pounds. The drills operate on an air
pressure of approximately 100 pounds per square inch and use
between 100 and 200 cubic feet per minute (Morrell and
Unger, 1973). Hand-held drills reguire the successive use
of multiple lengths of drill steel, generally a sequence of
2-, 4-, 6~, 8-, and 10-foot lengths to achieve the desired
depth. In drilling the 80 to 100 holes used in each blasting
round, four or five miners are required to work on the
bottom at once.

Drill Jumbo - Jumbos are frames upon which several
drills may be mounted (Fig. 12). The drills are mounted on
hydraulically or pneumatically operated arms which may be
positioned as needed to drill various patterns. Shaft drill
jumbos offer several important advantages over hand-held
drills. The frames provide greater control of the drills
and allow the use of a single length of drill steel to drill
each hole, and the jumbo mount allows the use of longer
drills than the hand-held (Fig. 13). These drills operate
at approximately 100 pounds per square inch pressure but
require a greater volume of air than the sinker drills.

In addition, one miner can operate several drills
when using the shaft drill jumbo. This reduces congestion
and the likelihood of accidents. The Jjumbos alsoc allow
greater control on the shape and depth of the pattern but
require a longer period to set up in the shaft.

Mucking Equipment

Mucking, or the removal of broken rock, is en-
tirely mechanized in the United States and Canada. Some
hand mucking is still found in South Africa where a large
supply of cheap, unskilled labor is available. Mechanical
mucking equipment is commonly hydraulic or pneumatic.
Generally, the machines bheing used are either a form of
clamshell suspended from the working platform or set into
the wall, or are crawler-track, bucket loader machines which
move on the muck pile itself. Some of the more popular
machines are discussed in the following paragraphs.

Eimco 630 - The Eimco 630 is a small, air-operated,
crawler-track bucket loader manufactured by the Eimco Mining
and Tunneling Machinery Division of the Envirotech Corpor-
ation (Fig. 14). The machine is approximately 5 feet 8 inches
wide, 4 feet 11 inches high, and 9 feet 5 inches long. The
length and height may vary with different bucket sizes and
bucket positions. The complete machine weighs 10,000 pounds.
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COURTESY OF MI1TSU! CONSTRUCTION COMPANY
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Several bucket sizes are available, from 5-1/2 to 9 cubic
feet. The machine operates on an air pressure of 90 pounds
per square inch obtained through a 2-inch bull hose. This
machine requires an operator and a helper to tend the bull
hose. While its production rate is slightly lower than that
of grab devices it has the advantage of being able to crowd
into the muck pile for efficient loading and is capable of
cleaning even minor amounts of muck at the end of a loading
cycle. This machine has presented a safety hazard when
improperly used. To simplify operation, miners have removed
the track control centering spring. This increases the
chance of injury if the operator is thrown from the control
step. Multiple control levers are being replaced on newer
models with single "wobble stick™ control.

Clamshell - Clamshells may be used from a surface-
mounted crane or adapted for use at the bottom of the
shaft. One contractor uses a small clamshell operated by
two air winches (tuggers) mounted on the surface. The
clamshell is operated from the shaft bottom by a miner using
a button box control. The clam is swung by two other miners
using tag lines. This system is reported to be fast and
eliminates the problem of a mucker riding on the muck pile.
However, the clam's suspension ropes are easily damaged, and
the system is reported to present a hazard when the ropes
become worn.

Backhoes - Backhoes (Fig. 15) in several forms
have been used on United States shaft projects with limited
success -- their main disadvantage being a relatively low
production rate. For several current projects, backhoes
have been modified from hydraulic to air operations to meet
permissibility requirements. The machines are either hung
from the surface or a work deck, or are mounted on the rib.
They remove the operator from the bottom and provide better
visibility.

Cryderman Muckers - This air-operated machine has
a positive, opening-and-closing, clamshell-type bucket (Fiqg.
16) . The machine weighs approximately 5 tons and may be
more than 40 feet long. It may be either hung vertically in
a shaft or mounted on small rail cars in slopes. The
operator works from a control panel on the working stage.
This machine has the advantage of positive closing allowing
it to dig into the muck for better loading. It can also be
used near the end of the mucking cycle when little material
remains in the shaft. The machine is somewhat difficult to
control and requires an experienced operator.

. Cactus Grab - The cactus grab or orange-peel is a
multi-leaved clamshell-type machine suspended from either a
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centrally pivoted boom hung below the work stage or on hyd-
raulic booms mounted on inserts placed into the shaft lining
{(Fig. 17). The operator controls the machine from a cage
suspended from the work stage or from a remote control box
at the shaft bottom., The cactus grab works well in circular
or elliptical shafts. It has a high production rate and has
been used with much success in South Africa. Since the
machine is swung or cast to load, there is some hazard for
miners working on the bottom.

Riddell Mucker - This machine is similar to a
cactus grab and consists of a small clamshell bucket hung
from a bridge below the work stage. Figure 18 iliustrates
the Riddell Mucker.

Load-Haul-Dump (LHD} Tractors, Front End Loaders -
Diesel-powered, rubber-tired eguipment has been used suc-
cessfully in several United States slope projects. The
equipment is self-propelled, thus eliminating the need for
track, air hoses or power cables (Fig. 19). The machines
are equipped with buckets with capacities ranging from
approximately 2 to 8 cubic yvards.

The use of diesel equipment presents a ventilation
problem. Air gquantities must be increased to remove toxic
or objectionable exhaust fumes. The permissibility certi-
ficate granted each piece of diesel equipment specifies the
gquantity of alr required. The total quantity of air required
when using multiple pieces of diesel equipment is the sum of
the ventilation requirements of each machine (30 CFR Sections
31.9 and 32.9).

Other disadvantages to the use of diesel equipment
are a limited tram distance and the need for an assist hoist
for pulling the tractor up slopes steeper than approximately
12 to 15 degrees. The assist hoist, however, need not have
a certified hoistman nor meet man-hoisting requirements.
Safety controls are provided by having the tractor operator
ride the machine and apply the brakes as nseded.

Fans

Ventilation in the shafts is provided by surface-
mounted fans. The most common type seen during the project
were Joy Axivane fans with 24- to 36-inch diameters. The
fans are electrically powered and are mounted in 24- to 36-
inch~diameter steel tubing. As required by federal regu-
lations, the fans are offset at least 15 feet from the shaft
collar. The fans produce approximately 6,000 to 10,000
cubic feet per minute of air at the end of the tubing,
depending on motor size and length of tubing.



III-22

COURTESY RAISE CQUIPMENT COMPANY
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BACKHOE
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AFTER STEVENS, V.L., SHAFTING SINKING AND RAISING BY CONVENTIONAL
METHODS; SME-ME HANDBOOK, AIME, 1973,

FIGURE 16
CRYDERMAN MUCKER
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COURTESY OF MITSUI CONSTRUCTION COMPANY

FIGURE 17
CACTUS GRAB
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SHAFTING SINKING ANC RAISING BY CONVENTIOQNAL
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FIGURE 18
RIDDELL MUCKER
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DRILLED SHAFTS

The current trend in shaft-sinking technology is
toward increased use of drilling machines to bore shafts.
The following sections describe the various types of equip-
ment used in drilling shafts.

Raise Drilling

Raise drilling is currently the most common method
for drilling shafts. It is fast and requires relatively few
men and equipment. Equipment used in raise drilling is
relatively simple and may be broken down into components
designed for easy handling.

Raise Drills - The drilling machine (Fig. 20)
consists of an electric motor to turn the drill stem and a
hydraulically operated frame to raise or lower the bit.
Several manufacturers, among them the Robbins Company, Sub-
terranean Tools, Inc. and Hughes Tocl Company, make raise
drills in a variety of sizes. Smaller machines are capable
of drilling 2- to 3-foot-diameter raises 500 feet long,
larger units are capable of shafts 18 feet in diameter more
than 2500 feet long according to the manufacturers' specifi-
cations. The equipment is relatively simple to install and
may be operated by one man.

Drill Stem - The drill stem consists of hollow
steel pipe which transfers the vertical and rotational
motion of the drill to the bit. The drill stem is commonly
comprised of 5-foot long sections of hollow pipe, 11 to 13
inches in diameter.

Bit - The bit (Fig. 21) is a multi-layered steel
assembly fitted with multiple cutters. The bit or head may
be built-up as needed by the addition of sections to in-
crease its diameter.

Cutters - The actual cutting of the rock is accom-
plished with roller-type cutters as illustrated in Figure 22.
Differing designs are used, depending on the rock hardness.
The most common types are the milled tooth, disk, kerf, and
carbon insert button cutters.

Blind Drilling

Blind drilling is the development of large dia-
meter holes from the surface. The method does not require
prior access through an existing mine to the shaft bottom.
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Drilling Machine - The equipment and procedures
used in blind drilling are basically modifications of oil
well drilling techniques. The drilling machines used in
blind drilling shafts are commonly standard oil well dril-
ling machines. Minor modifications may be made to the
platform to handle large cutting heads but the drive motors,
derrick and draw work are unchanged. Recently, several
models of large raise boring machines have been developed
which may be converted to blind drilling (Fig. 23).

Bit - The drilling tocls include the equipment
used in the shaft to cut the rock and stabilize the hole.
Actual cutting is done with cutters of the types shown on
Figure 22. Depending on the nature of the rock to be drilled
the cutters may be milled tooth, disk, kerf or tungsten
carbide button insert types. The cutters are mounted on a
large circular bit or head. Figure 24 shows a type of shaft
drilling head or bit.

Mandrel - The bit is fitted to the end of a large,
heavy mandrel (Fig. 25) which provides weight to aid cutting.
A stabilizer (Fig. 26) aids in centering the drill stem in
the shaft. The mandrel's weight may be increased by the
addition of large steel weights.

Drill Stem - The drill tools are connected to the
drilling machine using drill stem pipe. The drill stem is
hollow to allow passage of the drilling fluid. The drilling
fluid serves the dual functions of cooling the cutters and
removing the cuttings. The fluid may be water, air, mud,
foam or a water and compressed air mix. The fluid aids
removal of cuttings from the bits and transports them to the
surface.

The removal of the cuttings has been a major
obstacle to the development of blind drilling operations,
In conventional driliing work the drill stem is relatively
large in comparison to the hole diameter. This allows the
drilling fluid to be pumped into the hole through the hollow
drill stem and back to the surface through the small annular
space between the drill rods and rock wall. The fluid is
tightly confined and adequate pressures are maintained to
easily 1lift the cuttings to the surface. In blind drilling,
however, the drill stem is small compared to the diameter of
the hole and conventional circulation is often inadeguate to
remove the cuttings. To solve this problem a system of
reverse circulation is used. With this system the shaft is
kept filled with the drilling fluid to a depth sufficient to
stabilize the hole. The drilling fluid is then pumped from
the hole through the drill stem. In this manner adequate
pressure is maintained and cuttings are removed.
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COURTESY OF KENNAMETAL,

INC,

FIGURE 20A
RAISE DRILL MACHINE
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COURTESY OF HUGHES TOOL COMPANY

FIGURE 21B
RAISE DRILL BIT
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CQURTESY OF REED TOOL COMPANY

FIGURE 22A
MILLED STEEL TOOTH CUTTER
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COURTESY OF REED TOQL COMPANY

FIGURE 22B
MILLED STEEL TOOTH CUTTER
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COURTESY OF KENNAMETAL, INC,

FIGURE 22C
CARBIDE INSERT CUTTER
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FIGURE 22D
CARBIDE INSERT CUTTER
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COURTESY OF REED TOOL COMPANY

FIGURE 24A
SHAFT DRILLING HEAD
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COURTESY OF REED 700L COMPANY

FIGURE 24B
SHAFT DRILLING HEAD
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COURTESY OF HUGHES TOOL COMPANY

FIGURE 25

MANDREL




ITY~-42

COURTESY OF HUGHES TOOL COMPANY

FIGURE 26

STABILIZER
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IV, SHAFT-SINKING LAWS

INTRODUCTION

Shaft-sinking projects have not, until recently,
been extensively regulated, and enforcement of existing
regulations has caused criticism from many sources. The
laws in many cases are statements of existing operating
procedures, while, in other instances, enactment of laws
forces revisions in procedure to improve safety. Although
temporarily inconvenient to mining operations, such laws
eventually become accepted operating procedures. In an
effort to clarify the safety practices in shaft sinking for
this study, present regulations governing shaft operations
were reviewed. The review included current federal regu-
lations as well as laws of selected states. Laws from major
mining nations around the world were also reviewed to
determine their application to shaft-sinking work.

The following laws and implementing regulations
were reviewed:

Federal: Title 30, Code of Federal Regulations, Chapter 1,
Sections 55, 57, 75 and 77.

States: Alabama

Coal Mining Laws of the State of Alabama, as
amended, 1960.

Mine Safety Rules of the State of Alabama,
1962,

Arizona

Arizona Code of Rules and Regulations, Title 11,
Chapter 1.

Colorado

Colorado Mining Laws with Safety and Health Rules
and Regulations, Bulletin 20, 1971.

Idaho

Minimum Safety Standards and Practices for Mining
and Mineral Industry, Safety Code 5, 1974,

Illinois

The Coal Mining Act, 1975, revised.
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Kentucky

Laws Governing the Mining of Coal and Clay, Ken-
tucky Revised Statutes, Chapters 351-352, amended
1974,

Nevada

State of Nevada, Health and Safety Standards for
Underground Metal and Nonmetal Mines, Parts 1
and 7, Title 46, Chapter 512, Nevada Revised
Statutes, 1975.

New Mexico

New Mexico Mine Safety Code for All Mines, 1972.

Ohio

Mining Laws of Ohio, 1976.

Pennsylvania

Bituminous Ccal Mining Laws of Pennsylvania for
Underground Mines, 1961.

Tennessee

Laws and Regulations Governing Mines and Mining,
(Title 58).

Utah

General Safety Orders covering Coal Mining Oper-
ations in the State of Utah, 1967.

Metal and Nonmetal Health and Safety Standards,
Dec. 1973,

Virginia
Rules and Regulations Governing the Mining of
Metals and Nonmetallic Minerals, 1974.

Mining Laws (Including 0il and Gas) of Virginia,
1974.

West Virginia

Mining Laws of West Virginia, 1974, revised.

Wyoming

State of Wyoming, Non-Coal Mining Laws, Including
Safety Rules and Requlations, March 1971.
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Foreign: Australia Canada
New South Wales British Ceclumbia
Queensland Manitoba
South Australia New Brunswick
Tasmania Nova Scotia
Victoria Ontario

West Australia

Republic of South Africa

United Kingdom

Shaft-sinking operations in the United States are -
subject to regulation by both state and federal agencies.
The federal government divides its mining regulations into
the two areas of metal and nonmetal mining and coal mining.
The federal regulations concerning metal and nonmetal mining
do not, for the most part, differentiate shaft-sinking
operations from other mining activities, whereas in the
regulations concerning coal mines, shaft-sinking standards
are defined in a subpart separate from the main body of
laws. Most state and foreign mining laws are written similar
to the United States' federal regulations concerning metal
and nonmetal mining -- the shaft-sinking standards are
included throughout the main text,

FEDERAL REGULATIQNS

Federal regulation is accomplished by the Depart-
ment of the Interior, Mining Enforcement and Safety Admini-
stration (MESA), based upon the Federal Metal and Nonmetallic
Mine Safety Act of 1966 and the Federal Coal Mine Health and
Safety Act of 1969. Regulations implementing these laws are
contained in Title 30, Code of Federal Regulation, Chapter 1.
At the present time sections of these regulations governing
shafts at coal mines are being revised. The proposed re-
visions were published in the Federal Register on January 13,
1977. This discussion will consider only the current regu-
lations as published in July 1976 in Title 30 CFR. Adoption
of the proposed revisions will occur only after public
comments and after changes made in response to those comments.

Metal-Nonmetal Mine Regulations

Federal regulations pertaining to metal and non-
metal mines are found in 30 CFR, Chapter 1, Subchapter N,
Parts 57 and 58. Although shaft-sinking regulations are not
separated from other mining regulations, and, therefore, all
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regulations pertain to shaft-sinking, several standaxds -
specifically mention shaft-sinking projects and cover con- ~
ditions unique to such operations. Some of these standards
are advisory while others are mandatory. :

Standard 57.3-28 is advisory, and states that tem-
porary or permanent ground support should be kept near
enough to the bottom of the shaft to prevent falls from the
sides. There is no definition as to the type of ground
support needed or what is considered a sufficient distance
from the bottom; these decisions are the responsibility of
the contractor or inspector. '

In the area of blasting operations only iwo stan-
dards specifically refer to shaft sinking work. Standard
57.6-124 states that when electric detonators are used in
shaft sinking, work shall be suspended and all men withdrawn
from the shaft upon the apprcach of an electrical storm.
Standard 57.6-182 requires that blasts be initiated from a
safe location outside the shaft.

Several standards apply to hoisting at shaft-
sinking sites. Standard 57.19-49 states that buckets shall
not be used to hoist men except in shaft sinking, inspec—
tion, maintenance or repair. The requirements for the use
of buckets to hoist men are stated in mandatory Standard
57.19-50. The bucket must be stabilized by the use of a
crosshead the height of which is at least 1-1/2 times its
width if wooden guides are used, or a minimum height of 4
feet if rope or steel guides are used. In shafts greater
than 50 feet deep, the bucket must have overhead protection
for men. The bucket must zlso be of sufficient depth or
have a suitably designed platform to allow men to be trans-
ported standing. EBuckets which are suspended from a bail
mounted on the lower half of the bucket must have a device
to prevent accidental dumping while transporting men.

Work decks at shaft projects are commonly sus-
pended from the surface by wire rope. Standard 57.19-53 is
a mandatory requirement that such ropes have an approved
rating for the load.

‘ Rope guides used to stabilize the crosshead and
bucket must be of locked coil construction according to
Standard 57.19-54,

Standard 57.19-76 states that when men are hoisted
bucket speeds should be limited to 500 feet per minute and
200 feet per minute within 100 feet of a station. This
standard is adviscry for metal-nonmetal mines but is manda-
tory for coal shaft projects. This suggested spead is
slowe; than thosge reguired by state and foreign regulation
agencies, :
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Standards 57.19-77 and 57.19-78 are closely related
and are commonly found in regulations of all mining nations
studied. Mandatory Standard 57.19-77 requires that buckets
not be lowered directly to the shaft bottom; rather, they
must be stopped about 15 feet above the bottom and held
until a second signal is given by the bottom crew. Standard
57.19-78 is advisory. It states that the bucket should be
raised approximately 3 feet and held to allow the bucket to
be stabilized. The bucket should then be raised slowly
until the crosshead is engaged before hoisting to the surface.

Another standard which specifically mentions shaft
work is 57.19-111. This is an advisory item stating that
fixed ladders should be kept as close to the bottom as prac-
tical and that chain, rope, or other extension ladders be
used to reach from the bottom to the fixed ladder. This
item is a requirement in many foreign laws. In these cases
the fixed ladders extend from the work deck to the bottom of
the shaft.

Coal Mine Regulations

Detailed federal regulation of coal mines, including
shaft projects, began with the passage of the Federal Coal
Mine Health and Safety Act of 1969. The appropriate stan-
dards implementing this act are found in 30 CFR, Chapter 1,
Subchapter 0, Secticons 75 and 77. All standards are manda-
tory. As can be seen from the following discussion, federal
regulations governing shafts at coal mine projects are guite
extensive,

Section 75 includes mandatory safety standards for
underground coal mines, and Section 77 the mandatory stan-
dards for surface coal mines and surface work areas of
underground coal mines. Section 77, however, includes
Subpart T specifically regulating shaft and slope sinking.
The intention is to include shaft sinking in with surface
work at underground mines until such time that mining of
coal begins. The following is a discussion of Subpart T --
Slope and Shaft Sinking.

Standard 77.1900 requires that each operator is to
submit a shaft-sinking plan to the Coal Mine Health and
Safety Manager for the district in which the shaft is located.
Controversy has developed concerning the definition of oper-
ator. Recent court decisions have held that the mine owner
is responsible for all work on his property including pre-
paration of the shaft report. This ruling is being appealed
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by several mine owners who contend that the contractors
should be considered operators and therefore responsible for
submission of the plan, compliance with the law and payment
of finesg.

Under present regulations the plan must include:

1. The nawe and location of the mine, and the
Mining Enforcement and Safety Administration
mine identification number, if known;

2. The name and address of the mine operator;

3. A description of the construction work and
mnethods to be used in the construction of the
slope or shaft, and whether part or all of
the work will be performed by a contractor
and a description of that part of the work to
be performed by a contractor;

4, The elevation, depth, and dimensions of the
slope or shaft;

5. The location and elevation of the coal bed;

6. The general characteristics of the strata
through which the slope or shaft will be
developed;

7. The type of equipment which the operator pro-

poses to use when the work is to be performed
by the operator. When work is to be performed
by a contractor, the operator shall, as soon
as known to him, supplement the plan with a
description of the type of eguipment to be
used by the contractor;

8. The system of ventilation to be used; and

9. Safequards for the prevention of caving
during excavation.

The shaft-sinking plan must be approved by the
MESA District lianager before work may begin. Once approved,
the plan becomes the statement of health and safety regquire-
ments to be followed on the job.

Standards 77.1901 and 77.1901-1 require pre-shift
and on-shift inspection of the shaft area and require that
the results be recorded.
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Drilling and mucking operations are described in
Standard 77.1902. This item states that diesel equipment
shall be permissible, operated permissibly and maintained in
a permissible condition. It is further specified in Stan-
dard 77.1902-1 that Bureau of l'ines Schedule 31 standards
for pPermissibility be applied. '

Minimum standards for hoists and hoisting are spe-
cified in Standard 77.1903. These standards reguire that
hoists used to transport men and muck shall have valid capa-
cities consistent with the load and recommended safety
factor. 1In addition, each hoist shall be equipped with an
accurate and reliable indicator of the position of the con-
veyance.

Requirements also state the American National
Standards Institute (ANSI) Specification M11.1-1960 for the
use of wire rope in mines shall be used as a guide in the
selection, installation, and maintenance cof rope. These
standards, developed by rope manufacturers, prescribe fac-
tors of safety and criteria for inspecting rope. Although
the ANSI specification is referenced in the regulations as a
guide in the use of wire rope, it is used by inspectors as
the standard for hoists and ropes, therefore key sections
will be considered here. 2among these key sections are rope
safety factors, sheave and drum sizes, and rope inspection

criteria.

The static load factor of safety prescribed by
ANSI standards is shown in the following table:

Length of Rope Minimum Factor Minimum Factor
in Shaft of Safety of Safety
(Feet) (New Rope) (Remove)

500 oxr less 3 6.4
501 to 1,000 7 5.8
1,001 to 2,000 6 5.0
2,001 to 3,000 5 4.3
3,001 or more 4 3.6

The Factor of Safety is calculated by dividing the
nominal breaking strength of the rope by the calculated
total static load. The nominal breaking strength may be
obtained for new rope from the manufacturer or from labora-
tory tests performed on used rope. The total static locad is
the weight of the loaded conveyance plus the weight of the
length of rope extending from the headsheave t¢ the con-
veyance attachment when the conveyance is at the lowest
point in the shaft.
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Minimunm tread diameters of sheaves and drums are
specified in ANSI Specification M11.1-1960 abd are closely
observed by MESA inspectors. The following table shows
recommended and minimum tread diameters as stated in the
ANSI specification. ,

Rope Diameter of Sheave and Drum
Construction Recommended Minimum

6 x 7 72 x rope diam. 42 x rope diam.
6 x 19 : 45 x " " 30 x " "

6 x 37 27 x " " 18 % " "

6 x 25 45 x " " 30 x " "

6 x 27 45 x " " 30 % " v

6 x 30 45 x " " 30 x " "
18 x 7 51 x " n 34 x " "

Criteria for inspection and removal of hoist ropes
are discussed in general terms in the ANSI specification.
No firm criteria are given to determine when a rope should
be removed. The specification states that the factors to be
considered in examining a rope are a marked reduction in
rope diameter, evidence of excessive abrasion on outer
wires, broken outside wires or severe corrosion. In general
when corrosion is present, the remaining strength cannot be
readily calculated and the rope should be removed. Likewise
the condition of the worst rope lay is the governing factor
in examining a rope for worn or broken wires. Ultimately,
the ANSI specification leaves the decision to remove a rope
to the experience abd judgment of the mine officials.

Standard 77.1904 requires two means of communi-
cation between hoist operator and shaft bottom. In actual
operation a dual system of bells and telephones are used
between the hoist operator, shaft bottom and topman at the
shaft collar.

General hoist safeguards are reguired by Standard
77.1905. Currently, these requirements state that the hoist
transporting persons shall be equipped with brakes capable
of holding a fully loaded conveyance. In addition, the
current regulations permit the use of a second qualified
hoist operator in lieu of fully automatic controllers.

Standard 77.1906 covers the maintenance and in-
spection of hoists. The standard reguires daily inspection
of the hoist, headgear, ropes, connections and chains. A
test trip of the conveyance is required before each shift
and after all repairs to the hoist. It is reguired that
records of the inspection be kept.
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The report of the daily inspections shall be
signed by the person making such inspection and the report
shall be signed or countersigned by either the mine foreman,
mine superintendent, assistant superintendent or other
health and safety supervisors.

Hoist construction standards are established in
Standard 77.1907. The standard requires that the rope be
attached to the drum with a spelter-filled socket, thimble
with the proper number of clips, or a wedge socket. Two
bridle chains are required to secure the conveyance to the
rope. The chains must be attached to the rope at least 3
feet above the last clip. If hooks are used for attaching
conveyances, they must be of the self-locking type. The
rope must in turn be securely fastened to the hoist drum,
except friction hoists, with at least three full turns on
the drum at all times. There should be at least one full
turn on the drum shaft or spoke of a free drum and the rope
securely fastened.

Standard 77.1908 regulates hoist installation and
use., The regulation states that when men are hoisted and
the shaft is greater than 50 feet deep, the rope must be
hung from a substantial hoist installation high enough to
provide clearance between the main sheave and bucket.

Standard 77.1908 also requires guides and guide
attachments or a no less effective means to prevent the
swing of the bucket when hoisting men from a shaft 100 feet
or more deep. According to the existing regulation, the
guides must be kept no less than 75 feet from the shaft
bottom.

Other items in Standard 77.1908 require that
buckets be hung no more than 10 feet below the crosshead if
a crosshead is used; that a loading platform is required if
men enter or leave a bucket over a shaft; and that a ladder
or independently powered hoist is required for emergency
evacuation of the shaft.

Men are not permitted to ride on the bucket's rim,
on loaded buckets, or with tools or equipment other than
small hand toolg, Man-trips in the bucket should not be
crowded and the maximum manload must be posted. Speeds when
hoisting men must not exceed 500 feet per minute and must be
reduced to 200 feet per minute within 100 feet of a landing.

Additional requirements for hoist operation are:

1. A notice of established speeds shall be
posted in clear view of the hoistman.



Iv-10

2. Conveyances being lowered in a shaft in which
persons are working shall be stopped at least
15 feet above such persons and shall be
lowered further only after the hoistman has
received a signal that all persons who may be
endangered by the conveyance are in the
clear.

3. No conveyance shall be raised or lowered in a
slope or shaft until it has been stabilized
and trimmed.

4, Measures shall be taken to prevent material
from falling back into the shaft while buckets
or other conveyances are being unloaded.

5. Properly attached safety belts shall be worn
by all persons required to work in or over
any shaft where there is a drop of 10 or more
feet, unless other acceptable means are pro-
vided to prevent such persons from falling
into the shaft.

The hoist operator must alsoc be gualified. Stan-
dard 77.19068-1 states that hoists shall be under the control
of and operated by a qualified hoistman when persons are
being transported or when persons are in a slope or shaft.

Standards 77.1909 and 77.1910 concern the types of
explosives permitted and establish blasting procedures.
Standard 77.1909 requires the use of permissible explosives
and blasting machines. However, the MESA District Manager
may, upon application, issue permits to use non-permissible
explosives and a non-permissible blasting machine.

Standard 77.1910 establishés the following stan-
dards for the use of blasting agents.

1. Light and power circuits shall be discon-
nected or removed from the blasting area
before charging and blasting. '

2. All explosive materials, detonators, and any
other related blasting material employed in
the development of any slope or shaft shall
be stored, transported, carried, charged, and
fired in accordance with the provisions of
Subpart N of Section 77. Except as provided
below, all shots shall be fired from the
surface.
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3, Where tests for methane have been conducted
and methane has not been found and only
permissible blasting units are being employed,
shots may be fired from an upper level of the
slope or shaft.

4, Except as provided below, all persons shall
be removed from the slope or shaft prior to
blasting.

5. Biasting areas in slopes or shafts shall be

covered with mats or other suitable material
when the excavation is too shallow to retain
blasted material.

6. Where it is impracticable to prepare primers
in the blasting area, only the number of
primers needed for one round of shots shall
be prepared and remain on the surface in an
isclated area prior to use. The primers
shall be carried in insulated, covered con-
tainers.

7. o cther development operation shall be
conducted in a shaft or at the face of a
slope while holes are being charged and until
after all shots have been fired.

B, The slope or shaft shall be examined after
each blast, and loose material shall be
removed.

9. Loose rock and other material shall be re-

noved from timbers and platforms after each
blast before persons are lowered to the shaft
bottom.

3haft and slope ventilation practices are governed
by Standard 77.1911. This standard reguires that all shafts
and slopes be mechanically ventilated. The mechanical
ventilation eguipment shall be examined before each shift.
The quantity of air in the slope or shaft must also be
determined by a certified person., The results of these
tests must be recorded in a bock approved by the Secretary
of the Interior.

The ventilation fan must be installed on the
surface in a fireproof housing, designed to permit reversal
of the air current and located to prevent recirculation of
the air or contamination of the air from any source. The
fan must be either constantly attended or equipped with an
automatic device to signal an alarm in the event the fan
slows or stops. 1In addition, the fan must be offset not
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less than 15 feet from the shaft or slope and equipped with
air ducts which are non-combustible, and maintained to
prevent excessive leakage of air. If flexible ducts are
used, they must be constructed to permit ventilation by
elther exhausting or blowing methods and, when metal air
ducts are used, they shall be grounded effectively to remove
static and other electrical charges. Ventilation ducts
shall extend as close to the bottom as necessary to keep the
face clear of dangerous and noxiocus gases. "Face" as used
in this subpart means where excavating is progressing or was
last done.

Standard 77.1911 requires that each ventilation
system be properly maintained by a qualified operator. The
fans shall operate continuously when persons are below the
surface. %he revised regulations include the requirements
that the fan shall be operated at least one half-hour prior
to entering the underground area of a slope or shaft by any
person. In addition, any accidental stoppage or reduction
in air flow shall be corrected immediately. If such correc-
tions cannot be made immediately, development work below the
surface shall be stopped, and all persons not needed to make
necessary corrections to the ventilation system shall be
removed to the surface.

Standard 77.1912 requires that substantial stair-
ways or ladders shall be used during the construction of all
shafts where no mechanical means are provided for persons to
travel., Landings at intervals of not more than 30 feet
shall be installed. Shaft ladders shall project 3 feet
above the collar of the shaft, and shall be placed at least
6 inches from the side of the shaft.

Standard 77.1913 states that all wood products,
with the exception of crossties, which are permanently in-
stalled in slopes and shafts, shall be fire~retardant.

Requirements for shaft and slope electrical sys-
tems are established in Standard 77.1%914. This regulation
requires that all electrical eguipment used below the collar
be permissible. ZAll conductors used underground must be
flame resistant. Lighting used underground, lamps and
floodlights, shall be permissible under Parts 19 and 20 of
30 CRF Chapter 1.

Standard 77.1915 defines regquirements for the
storage and handling of combustible materials., Liquefied
and nonliquefied compressed gas cylinders, and oil, gasoline
and other petroleum products shall not be stored within 100
feet of any slope or shaft opening. Combustible material
and supplies, other than those specified above, shall not be
stored within 25 feet of any slope or shaft opening.
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Pyritic slates, bony coal, culm or other material capable of
spontaneous combustion shall not be used for £ill or as
surfacing material within 100 feet of any slope or shaft
opening.

Areas surrounding the opening of each slope or
shaft shall be constructed to insure the drainage of flam-
mable liquids away from the slope or shaft in the event of
spillage. 0ily rags, waste, waste paper, and other combus-
tible waste material disposed of within or in the vicinity
of any slope or shaft opening shall be stored in closed
containers until removed from the area.

Standards for welding, cutting, scoldering and fire
protection are included in Standard 77.1916. At least one
portable fire extinguisher shall be provided where welding,
cutting, or soldering with arc or flame is performed.
Welding, cutting or soldering with arc or flame in any slope
or shaft, or within the vicinity thereof, except where such
operations are performed in fireproof enclosures, shall be
done under the supervision of a gualified person who shall
make a diligent search within or in the vicinity of the
slope or shaft for fire during and after such operations,
Before welding, cutting or soldering is performed in any
slope or shaft, an examination for methane shall be made by
a qualified person with a device approved by the Secretary
for detecting methane. Examination for methane shall be
made immediately before and periodically during welding,
cutting or soldering, and such work shall not be permitted
to commence or continue in air which contains 1.0 volume per
centum or more -0f methane.

Noncombustible barriers shall be installed below
welding, cutting or soldering operations in or over a shaft.

STATE SEAFT-SINKING LAWS

The state regulations reviewed for this study
contained fewer items applicable to shaft projects than the
existing federal laws and regulations. The state laws
considered either did not discuss shaft sinking or were more
general than comparable federal regulations. States gene-
rally do not emphasize inspection of shaft-sinking work.
With the exception of Pennsylvania's Department of Environ-
mental Resources, none of the states had records covering
shaft projects. Research revealed that state inspectors
visit shaft sites much less frequently, usually quarterly,
and spend less time at each shaft site than do federal
inspectors.
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Generally, state regulations treat shaft-sinking
as mining work. Regulations applicable to shaft-sinking are
found in the general body of mining law and applied as
necessary.

Ohio, however, has a specific section relating to
shaft work., Figure 27 is a copy of Section 4153.12 relating
to shaft sinking., The items listed in that section cover
the major provisions of federal law but are less detailed.
A unique feature of Chio's law is found in the next to last
paragraph: "Other than this section, Chapters 4151, 4153,
4155, 4157 and 4159 of the Revised Code do not apply to the
opening of a mine until such opening reaches the seam, and
the entry or landing is extended beyond a break-through, or
other place driven at right angles thereto." This is the
only law reviewed that specifically exempts shaft work from
other sections of mining law.

The regulations of several other states (Idaho,
Virginia and Nevada) are patterned closely after the federal
model. These states cite the federal standard number from
Title 30 CFR after their own regulation. In many cases the
state regulation is an abbreviated version of the equivalent
federal standard.

Many of the state laws had common provision with
respect to shaft sinking. In nearly all cases, mention of
shaft sinking was made as an exception to general mining
law. Most states require that men be hoisted in cages and
establishes criteria for such cages. The laws then make the
exception of allowing men to be hoisted in buckets only
during shaft sinking, maintenance, inspection or repair
work. The laws commonly stipulate that buckets used to
hoist men must have specific safety features. If the bucket
is attached to the rope by a hook, the hook must be a self-
locking type. The bucket must be deep enough to allow men
to be transported standing up. Devices also must be used to
prevent accidental tipping of self-dumping buckets. The
bucket must be guided after shaft depth reaches a prescribed
depth. The depth varies from 100 to 300 feet among the
states. Generally, coal mining states require guides on
shorter shafts than metal-nonmetal producing states. State
laws permit the use of rope guides but specify the rope be
of a locked coil construction. Along with guides, most
states require the use of a crosshead with safety catches
once the shaft depth exceeds a specified depth.

Most state regulations require that shaft headgear
be of sufficient capacity for the applied load. The regu-
lations do not specify the type of headgear or any direct
correlation to hoist or rope strength. Likewise, state
regulations specify that ropes used to suspend work decks
also be of adequate capacity for the applied load.
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Section 4153.12 Construction regulations to he
observed in opening mine. Any person, firm, or
corporation, bepinning the opening of a mine,
whether or not such peraon, firm, or corporation is
the owner, lessee, or agent of the property upen
which such mine i3 located, shall notify the chief
of tho division of mines, and observe the following in
the construction of such mine:

(A) If the opening is a slope or vertical shaft,
no explosive used therein shall be fired by means
of a squib or fuse after the same is extended more
than twenty-five feet from the surface, and there-
after and until the slope or shaft reaches the sesm
and the entry or landing is extended beyond a break-
through aor other place driven at right angles
thereto, no explosive shall be fired except by means
of an electric battery operated from the surface
after all persons ere on the surface.

{B) A substantial structure to sustain sheave
wheels or pulleys, ropes, and loads, shell be pro-
vided, and if the opening is & shaft, the same shall
be placed st a height of not less than twenty-five
{eet above the tipping place.

(C) A landing platform shall be arranged in
such manner that no material can fall into the shaft
while the bucket is being emptied, and the shaft
shall not be sunk to & depth of more than thirty
feet without such structure.

(D) If the bucket used for hoisting material is to
land on a truck, the track on which such truck is
operated and the platform shall be so constructed
that material cannot fall into the shaft,

(E) Rock and coal shall not be hoisted from a
shaft or slope except in & bucket or cage attached
to & rope by a safety hook, clevis, or other safe at-
tachment, and the bucket or cage securely Jocked so
that same cannot tip or empty while being holsted.

{F') Such rope shall be fastened to the side of the
drum, &#nd not less than three coils of rope shall
always remsain on the drum.

() After the shaft reaches a depth of ene hun-
dred feet, the same shall be provided with guides
and guide attachments, applied in such 8 manner as
to prevent the bucket from swinging while being
lowered or hoisted, and such guides and guide at-
tachments shall be maintained at a distance of not
more than seventy-five feet from the bottom of the
shaft.

]

(H) The sides of all shafts shall be properly
secured for safeiy and no loose rock or material
ghall be allowed to remain on any timber in the
shaft after each blast.

(I) AN loose timber, tools, and materials shall
be kept away from the top of the shaft to reduce
the danger of the same falling down the shaft.

(J) Where explosive gas is encountered, the per-
son in charge shall see that the shaft or slope is
examined before each shift of men enter to work,
and before the men descend after each blast.

(K) The slope, or shaft, shall be properly venti-
lated so that persons working therein will have the
necessary air,

(L) An efficient brake shall be attached to each
drum of an engine used in hoisting material and
persons, and all machinery, ropes, and chains ¢on-
nected therewith shall be carefully examined once
each shift,

{M) Not more than four persons shall be lowered
or hoisted in or on s bucket at one time, and no
person shall be permitted to ride on a loaded bucket.
. {N) The bucket used in lowering or hoisting per-
sons shall be equipped with proper eafety devices,
50 that it cannot become detached from the rope or
cable, and cannot tip or turn upside down while
being 80 used.

The chief of the division of mines, and the deputy
mine inspector, shall have jurisdiction over such
mine when the shaft or slope reaches a depth of
twenty-five feet, and such person, firm, or corpora-
tion shall comply with any order igsued by either or
both of them with respect to the safety of perzons
employed. Other than this section, Chaptera 4151,
4158., 4156., 4157., and 4169, of the Revised Code do
not apply to the opening of a mine until such open-
ing reaches the seam, and the entry or landing ia
extended beyond a break-through, or other place
driven at right angles thereto.

No owner, lessee, agent, or operator of a mine
shall willfully refuse or neglect to comply with this
gection,

FIGURE 27
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Hoisting procedures are specified to a limited ex-
tent. Most states require that buckets not be lowered
directly to the shaft bottom. Rather, they must be stopped
approximately 15 feet above the bottom and held for a signal
from the miners on the bottom. Similarly, when hoisted,
buckets must be raised approximately 3 feet and stabilized
before hoisting to the surface., The regulations commonly
add that the muck load be trimmed and the ocuter surfaces of
the bucket brushed clean to prevent excess material from
falling back into the shaft. When buckets are to be hoisted,
regulations commonly require the bucket be raised slowly to
engage the crosshead or to clear work decks before hoisting.
When men are being hoisted, the bucket must be raised at a
creeping speed with the bell cable constantly attended until
the crosshead is engaged. As in federal regulations, men
are prohibited from riding loaded buckets or on the rim of
any bucket.

Another regulation commonly found in state laws is
the requirement for shaft doors at the collar to prevent
material from falling into the shaft. Gates are likewise
required at the surface and at all landings. Most states
also regquire fixed ladders to be maintained as close to the
bottom as practical with chain or rope ladders required from
the shaft bottom to the end of the fixed ladder. These
requirements are not closely followed, since shaft projects
generally do not maintain ladderways. Powered emergency
escape systems are used in lieu of ladderways. Such sub-
stitution is reasonable since few shafts are completely
equipped with sets and compartments during sinking. Fur-
thermore, independent powered escape hoists are more prac-
tical for miners to use than to attempt to walk out of a
shaft several hundred or more feet deep.

» State laws commonly require pre-shift and post-
blast inspection by gualified examiners prior tc the miners
entry. The detail specified for these examinations varies.
Most require checks of air guantity and quality, methane
content and for the presence of fly rock or unstable wall
conditions.

State laws also regquire that shafts be adequately
ventilated. The details of adequate ventilation are usually
not specified.

In general, all other appropriate sections of
state mining laws are applied to shaft projects. These
mining laws closely follow the requirements of federal law.
New mines must be reported to the state mine inspector. The
level of information varies, with most states requiring some
type of plan for the development of the shaft and new mine.
These plans are not as detailed as those required under
federal law,
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Accidents must also be reported to state agencies.
The types of accidents requiring reports and the type of
investigation required are similar to the federal reguire-
ments.

Hoisting requirements of most states are based on
and reference ANSI Standard M11.1-1960, The Use of Wire Rope
in Mines, as do the federal requirements.

Regulations for blasting equipment and procedures
are comparable to federal law.

In certain areas state requirements are more
stringent than the federal regulations. State regulations
specify that people performing shaft examination be certi-
fied. The states are also more specific in establishing
requirements for personnel certification. Certificates of a
variety of types are issued to mine examiners, various
levels of supervisors, and hoist operators. Requirements
for certification are established in some detail and ex-
aminer boards are used to evaluate candidates and issue
certificates of competency. Qualifications generally in-
clude training in first aid, air guantity and quality mea-
surement techniques, familiarity with mining law and a set
period of experience in a working mine. Requirements for
hoist operators may include a certain length of training and
experience at hoist operation under the guidance of a quali~
fied hoist operator. Many states also require a physical
examination and establish minimum physical standards for
hoist operators.

Certification standards vary among the states.
Experience and knowledge may not be carefully evaluated
before certificates are issued. In addition, experience in
a producing coal or metal-nonmetal mine may not be directly
applicable to shaft-sinking work. State certification,
therefore, may be only partially effective in enforcing
shaft safety.

FOREIGN SHAFT-SINKING LAWS

Methods of establishing and enforcing mining laws
vary among nations., Some countries such as the Republic of
South Africa and the United Kingdom have unified national
mining regulations. In other countries such as Canada and
Australia, mining laws are primarily enforced at the pro-
vincial or state level. TFegulations in these countries may
vary from province to province. In addition, national
philosophies vary. In the United Kingdom, mining regulation
and mine ownership are both government activities. In other
areas regulatory agencies are designed to be more advisory.
They are not part of an adversary system as in the United
States.
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Mining law, including shaft-sirking regulations,
also vary. Most nations surveyed, however, treat sha’t-
sinking work in much the same way that it is treated Ly
United States state and federal metal-nonmetal mine law.
Most nations treat shaft sinking as a specific category of
mining operations, and that while all mining laws may apply
as appropriate, several sections specify requirements for
situations unique to shaft sinking.

As with United States state regulations, foreign
mining laws have several common items relative to shaft
work., lost nations or provincial laws surveyed require the
use of a crosshead to guide the bucket once a certain depth
is reached. This depth varies among the mining nations but
generally is 100 to 300 feet. Collar doors are reguired to
prevent material from falling into the shaft. The laws
specify that the doors be closed except to allow passage of
the bucket. Nearly all agencies require positive overhead
protection for men working on the bottom when existing
shafts are being deepened or when lining, outfitting or
other work occurs simultaneously in the shaft.

Pre-shift and post-blast inSpections are reguired
in all areas. These inspections must be made by competent,
certified persons.

Hoisting operations are closely regulated as in

the United States. Hoist operators must be certified, and
strict requirements for certification are established. 1In
operation, buckets must not be lowered directly to the shaft
bottom. Xearly all laws specified that the bucket be stopped
approximately 15 feet, or 5 meters, above the bottom until
the bottom crew signals. Likewise, buckets must be lifted
from the bottom and steadied before hoisting.

Most nations treat shaft sinking as the exception
to usual mining law and permit men to ride buckets during
shaft~-sinking work. Again, the bucket must be deep enough
to allow men to be transported when standing, men must not
ride on the rim or with tools or muck, and self-cleosing
hooks are required.

Shaft-sinking operations are commonly subject to
the general body of the nation's or province's mining laws.
Therefore, examples of appropriate sections of mining laws
from various nations and states are included in Appendix C.
These laws are included to provide a comparison with United
States laws in the areas of hoisting system, blasting,
electrical installation and personnel qualifications.



V. ACCIDENT REPORTING PROCEDURES

Current federal and state mining laws require mine
operators to report accidents which occur in or about their
mines including those at shaft projects under construction
by contractors. The reporting requirements are described in
detail in Title 30 CFR, Chapter 1, Subchapter N, Section 58
(Metal and Nonmetal Mines) and Subchapter O, Section 80
(Cocal Mines). Both regulations are similar in their defi-
nition of reportable accidents.

The Metal and Nonmetal Mine Safety Act of 1966 re-
guires that an accident be reported when there has been a
fatal or nonfatal injury, exclusive of minor injuries re-
quiring only first aid to any workers. Other accident situ-
ations which must be reported whether or not injuries occur
include:

- Any outbreak of fire that endangers human
life or a fire underground which is not
brought under control within 30 minutes;

- Any unplanned ignition of dust or strata gas;

- Any unplanned explosion of dust or gas;

- Any unplanned inundation by water or gas that
endangers human life;

- Any unplanned ignition of explosive, including
blasting agents;

- Any entrapment that endangers human life;

~ Any damage to shafts and ventilation facili-
ties that endangers human life;

~ Any damage to hoisting or haulage facilities
used for the transportation of men when such
damage endangers human life.

The Coal Mine Health and Safety Act of 1969 de-
fines an accident as:

- The death of or any injury to any person
(whether or not time is lost);

- A mine explosion, mine ignition, mine fire,
or mine inundation;



~ An unintentional roof fall {(except in aban-
doned panels or in areas which are inacces-
sible or unsafe for inspection);

- Any collapse of a highwall in an active
working of a surface mine;

- An unintentional or incomplete detonation of
explosives, including blasting agents;

- A coal outburst;
~ The entrapment of any person;

- Damage to shafts or ventilation facilities ox
to hoisting or haulage facilities;

- An event at a mine which causes the death of,
or bodily injury to, persons other than
persons on the mine property:

- Any other event that could have resulted in
death or injury had any person been in the
immediate area.

Accidents are reported using either the Metal-
Nonmetal Injury and Illness Report, Form 6-1555 (Fig. 28),
or Coal Accident, Injury, and Illness Report, Form 6-347
(Fig. 29), as appropriate. The forms request specific in-
formation concerning the type of accident, equipment involved,
nature and extent of injuries and experience of the injured
worker.

The laws require reports to be sent to the Mining
Enforcement and Safety Administration (MESA) Health and
Safety Analysis Center in Denver, Colorado promptly after
each accident. These data are used by MESA and the Bureau of
Mines in analyses of accidents, calculation of industry
accident statistics and the production of periodic and
special reports.

The appropriate MESA Subdistrict Manager must be
notified immediately using the most rapid means available
when serious accidents occur. Among the accidents requiring
immediate notice are:

- A fatal injury to a miner or other person on
mine property, or an event at the mine which
results in the death of a person other than
those on mine property;
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A serious injury which could result in the
death of the injured person;

- A mine fire;

~ Mine explosion;

- An ignition of dust, gas, or both;
- Inundation;

- A coal outburst of sufficient intensity to
have caused injury had persons been in the
immediate area;

- A fall of roof, face or rib of sufficient
magnitude to affect ventilation or the passage
of men on active working sections and a fall
of roof at or above the anchorage =zone when
roof bolts are used;

- An unintentional or incomplete detonation of
explosives including blasting agents;

- The entrapment of any person;

- Damage to shafts and ventilation facilities;
and

- Damage to hoisting or haulage facilities used
for the transportation of men when such
damage interferes with its use for transpor-
tation of men.

Following notification of a fatal or serious acci-
dent the District or Subdistrict Manager will determine
whether or not an investigation is to be conducted by MESA
in addition to that conducted by the operator. If it is
determined that a federal investigation will be conducted,
the operator is notified and advised to take all measures
consistent with rescue work to preserve any evidence helpful
in determining the cause of the accident. The investigation
is conducted by a duly authorized representative of the
Secretary of the Interior with assistance from other MESA
persconnel as reguired. Information is obtained from an
examination of the accident scene, and statements of mine or
contractors' officials and workers involved in or witnessing
the accident. A report is then prepared which describes in
detail the date and time of the accident, the location and
description of the accident, and events preceding the occur-
rence. Conclusions are presented as to the cause of the



accident, and recommendations are presented or orders issued
to prevent recurrence. Copies of this report are kept in
the mine office and the appropriate subdistrict office.

State laws regarding reporting and investigating
mine and shaft-sinking accidents generally follow the federal
requirements. In those states where a State Plan Agreement
is in effect, copies of the federal report are also sent to
the appropriate state agency. The State Plan Agreement is a
contract between the Secretary of the Interior and the state
official responsible for mine safety in one of several
states. In these states State Mine Safety laws are equal to
or stronger than the federal laws. Under the agreement, the
state authorities rather than MESA assume primary responsi-
bility for mine safety. MESA then assumes a more passive
monitoring role. State Mine Inspectors in all states may
also conduct investigations similar to or in conjunction
with the federal investigation.




VI. ANALYSIS COF ACCIDENT. DATA

INTRODUCTION

Before improvements can be made in shaft safety,
it is necessary to investigate the causes of shaft accidents
and to identify and analyze the factors contributing to
accidents. In order to accomplish this, records of recent
shaft~sinking accidents from both coal and metal-nonmetal
shaft projects were obtained and analyzed.

It was intended that, through a review of this
data, specific causes of accidents such as equipment failure
or improper sinking procedures or other contributing factors
such as worker inexperience or lack of training would be
identified.

The data used in the analyses conducted for this
report were obtained from the Coal Mine and Metal and Non-
metal Accident and Illness Reports filed with MESA by the
mine operators. In addition, inspectors' investigation
reports of fatal or potentially fatal accidents were ob-
tained from the various MESA Health and Safety District or
Subdistrict Managers. A total of 543 reports from coal
shaft projects and 386 reports from metal and non-metallic
mine shaft accidents were reviewed. The records included
accidents that occurred at surface shops and yards of shaft
projects as well as those occurring in the shafts them-
selves. Data from accidents in mills, preparation plants or
shafts at producing mines were not included.

Coal Mine Accident Reports covered the period 1972
through 1975. Employment and Production Reports for coal
mines were available for 1975. Metal and Nonmetal Mine
Accident Reports and Employment and Production Reports were
provided to cover the years 1973 through 1975.

The accident reports were obtained from MESA's
Health and Safety Analysis Center (HSAC) in Denver. There
was some difficulty in collecting complete accident records.
The accident reports are often incomplete and fail to iden-
tify whether or not the shaft was under construction. In
addition, several filing systems are used in the Center.
When an accident report is received from an operator it is
checked, the data encoded and placed into an automatic data
processing system. The original report is then filed in the
Center until a sufficient period of record is complete. The
forms are then moved to a records holding area for permanent
storage. Problems were first encountered in retrieving spe-
cific accidents from the data processing system. For this
study only accidents occurring during shaft construction
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were being considered. The HSAC staff was able to provide a
list of reports for all accidents which occurred in coal
mine shafts from 1972 to 1975. It was impossible, however,
to identify which had occurred at shafts under construction
as opposed to those in operating shafts.

It was necessary, therefore, to locate the ori-
ginal accident record to identify those for shaft-sinking
accidents. A new series of problems then arose. The filing
systems at HSAC are constantly being revised and improved.
It was necessary to search through both microfilmed records
and files to obtain the accident reports. Coal Mine Accident
reports for 1972 through 1974 were stored on microfilm in
numerical order by individual document number. These were
identified using the data list supplied by HSAC. Coal Mine
Employment and Production Reports for 1972 through 1974 were
also microfilmed and cataloged by document number. Lacking
a listing of these document numbers, it was not possible to
locate these records. The Coal Mine Accident records and
Employment and Production Reports for 1975 are maintained as
paper copy in HSAC's files. These records are filed by the
Mine Identification Number and were easily located and
searched.

Metal and Nonmetal Mine Accident and Employment -
Producticon Reports were not kept by MESA prior to 19273. The
records for 1973 through 1975 are kept as paper copy, filed
according to Mine Identification Number, in the Center's
files. These records were located and searched.

In several cases, however, records of accidents

from known shaft-sinking projects could not be located due

to a failure to report accidents, improper identification of
the mine on the report, or to errors in filing the reports

in the Center. In spite of these difficulties, 929 accident
reports were obtained, 543 injuries, including 8 fatalities,
from coal mine projects, and 386 injuries, including 12 fatal-
ities, from metal and nonmetallic mine projects. The reports
included both shaft and slope projects by nearly all major
shaft contractors in all major mining regions of the country.

Copies of shaft-sinking accident reports were made
from either the microfilm or paper records. In compliance
with the Federal Privacy Act the names and Social Security
Numbers of the injured miners were obscured from the copies
provided for this study.

To complete this analysis it was necessary to
compare the safety record of the shaft industry to the over-
all record of the mining industry. This task reguired the
collection of supporting data such as the number of workers
employed, man-hours worked, production rates and the number
of recently completed shaft projects.
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The following discussion describes the types of
data collected, the analyses performed and the results
achieved.

DATA TABULATION

A wide variety of data was obtained from published
reports, MESA, and individual contractors. All available
data on shafts, accidents, and production were collected,
sorted into three major groups, and tabulated. A complete
description of this collection is presented in the DATA
SOURCES section of this report.

The first data group was an inventory of recent
shaft projects. This group included the mine identification
number, location, mine name, owner, contractor, dimensions,
site geology, method of construction, and year completed.

The second data group was a compilation of shaft-
sinking production data. Although some of this information
was obtained from published sources, the majority was ob-
tained from Monthly or Quarterly Employment and Production
Reports provided by MESA's Health and Safety Analysis Center.
The data included mine identification number, date of report,
number of underground workers, number of man-hours worked
underground, number of surface workers, number of man-hours
worked at the surface and the number of accidents reported
during the record period.

The third data group was comprised of the accident
records. The data were cbtained from inspectors' reports of
fatal or other serious accidents and from accident reports
filed with the Health and Safety Analysis Center. Data
recorded included mine identification number, document
number, accident type, date and time of accident, shift
time, victim's age, total mining experience, total experi-
ence at mine in which injury occurred, part of body injured,
cause, location, equipment, degree of injury and days dis-
abled. The information for coal shaft accidents was sup-—
plied as a data printout by the Health and Safety Analysis
Center. These data were cross-referenced to the accident
report documents to obtalin additional details. Information
for accidents in metal and nonmetallic mine shafts was
obtained directly from the accident reports.

Two of these groups, the Production Data and Acci-
dent Records, provided the basis for these analyses. The
results of these analyses were compared to previous studies,
particularly "Accident Prediction Investigation Study" by
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Theodore Barry and Associates (1972); Injury Experience in
the Metallic Mineral Industries, MESA (1975); and MESA
Safety Reviews for Coal and Metal-Nonmetal Mines. Such
studies provide a means of comparing shaft miners and acci-
dents with production miners and mining accidents in the
coal and metal-nonmetallic mining industries. The data pre-
sented below gives some indication as to the causes of the
majority of shaft-sinking accidents.

ACCIDENT FREQUENCY AND SEVERITY

The Employment and Production Reports and Accident
Records obtained from MESA's HSAC were used to calculate
accident fregquency and severity rates for shaft-sinking
work. Employment and Production Reports are submitted
monthly by coal mine operators and quarterly by metal and
nonmetal mine operators. The reports include the number of
workers and man-hours worked during the reporting period and
the number of reportable accidents that occurred. The
frequency and severity rates calculated from these data were
compared to published rates for the mining industry in
general. Separate rates were calculated for cocal and metal-
nonmetal mines. The definitions of accident rate, disabling
injury-frequency rate, disabling injury-severity rate, and
average severity were taken from MESA Informational Report
IR 1008, Injury Experience in the Metallic Mineral Industries,
1970~-1971 (1975). These definitions are based on United
States of America Standards Institute Bulletin 216.1-1967,
"Standard Method of Recording and Measuring Work Injury
Experiences," and may be applied to work at coal as well as
metal and nonmetallic mineral mines.

The accident frequency rate is the number of acci-
dents that occur for each million man~hours worked. The
rate may be based on either the number of disabling (work
time lost) injuries or the number of all injuries, both dis~
abling and nondisabling.

The disabling injury-~frequency rate is the number
of disabling work injuries per million man-hours of exposure.
It is calculated by multiplying the total number of injuries
by one million and dividing the product by the total man-
hours of worktime.

The disabling injury-~severity rate is the number
of days lost or charged from disabling work injuries per
million man-hours of exposure. It is calculated by multi-
plying the total number of days lost or charged by one mil-
lion and dividing the product by the total man-hours of
worktime.
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The average severity is the average number of days
lost or charged per disabling injury. It is calculated from
the total number of days lost or charged divided by the
total number of disabling injuries.

The days lost are the number of full calendar days
the injured employee was unable to work as the result of a
temporary total disability. All fatalities and permanent
total disabilities have a standard time-loss charge of 6,000
days. Injuries resulting in permanent partial disability
are assigned a time-loss charge depending upon the parti-
cular injury as specified by the United States of America
Standards Institute Bulletin 216.1-1967 Table.

Accident Freguency and Severity - Coal Shafts

The calculation to determine the accident frequency
rate for coal shafts was based on all injuries indicated on
the coal operators' monthly Employment and Production
Reports for the period 1972 through 1975. During that
period 250 Employment and Production Reports were available
for shaft projects. However, only 63 were complete in
reporting the number of man-hours worked and the number of
reportable accidents. These 63 reports were assumed to be
representative for both man-hours worked and number of
accidents in the coal shaft industry. In these 63 record
months, a total of 638,015 man-hours were worked and 84
accidents were reported. These data indicate a freguency
rate of 131.6 accidents per million man-hours worked. For
comparison, MESA reported a frequency rate for all coal mine
injuries of 66.06 during the l12-month period ending October
1976 (MESA Safety Review, October, 1976). The disability
frequency rates for all cocal mines for 1972 through 1976
were reported by MESA to be: 46.66 (1972); 40.89 (1973);
29.29 (1974); 30.59 (1975); and 36.41 (1976).

It should be noted that the frequency rate calcu-
lated for coal shaft projects was based on a rather limited
number of Employment and Production Reports and includes
both disabling and nondisabling injuries. The rate, however,
was based on data supplied directly to MESA by the coperators
themselves.

For computations of average severity in coal mine
shaft projects, 543 accident reports were located for the
period 1972 through 1375. Of these reports 437 recorded a
total of 50,771 days lost, including 6 fatal accidents which
resulted in the deaths of 8 miners. The average severity
was therefore calculated to be 116.2 days lost per accident.
Excluding fatalities, the average severity was 6.4 days.
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An alternate method for calculating severity is a
severity rate. This factor is the number of days lost per
million man-hours worked. Attempts were made to calculate a
severity rate based on the number of man-hours worked and
accidents reported during each of the 63 monthly record
periods used to calculate the coal shaft accident frequency
rate. The individual accident reports were searched to
locate those reported on the Employment and Production
Reports for the individual shafts during the record months.
This search failed since the number of accident reports
available for a given shaft rarely agreed with the reported
number of accidents shown on the Production Report. It was
therefore determined that any calculation of severity rate
based on the available data would be meaningless. An average
severity was then calculated based on the total number of
accident reports available and the number of days lost or
charged per injury.

Accident Frequency and Severity - Metal and Nonmetal Shafts

The accident frequency rate for metal and nonmetal
shaft projects was determined in the same manner as that for
coal shafts. Operators' Quarterly Employment and Production
Reports for the years 1973 through 1975 were used. A total
of 95 reports were located, on which were reported a total
of 2,459,182 man~hours worked and 386 accidents. These data
indicate a frequency rate of 157.8 accidents per million
man-hours. During the period of January through September
1975, MESA (Safety Review, Metal and Nonmetal Mine Injuries,
Third Quarter 1975) reported an accident rate of 38.6 for
all underground metal and nonmetal mines. '

As with the coal mine frequency rate, the metal
and nonmetal mine rate was based on a sampling of operators'’
Employment and Production Reports. The rate was calculated
using the total number of reported accidents including both
disabling and nondisabling injuries. In spite of these
limitations, the rates calculated for shaft accidents are
the best possible with the data available.

As with coal shafts, attempts were made to deter-
mine the severity rate in days lost or charged per million
man-hours worked. These attempts failed due to the incon-
sistencies described above, and an average severity was cal-
culated based on the total number of days lost or charged
per accident.

During the period of record, 1973 through 1975,
386 accident reports were located from metal and nonmetal
shaft projects. Of these reports, 54 were incomplete. The
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remaining 332 reports listed a total of 76,938 days lost for
an average severity of 231.7 days. This average value
includes 10 fatal accidents in which 12 men were killed.
Excluding fatalities, the average severity was 14.7 days
lost per accident.

In calculating the average severity for metal-
nonmetal shafts and coal shaft projects, it must be re-
membered that these averages were computed based on the
number of days reported lost on the accident report form,
Some errors may have been included in cases of serious in-
juries resulting in permanent partial disability. In these
cases the extent of disability could not be determined from
the reports, and no estimate of days lost could be made.
Such missing data would tend to lower the total number of
days lost used in computing the average. However, these
errors are believed to have been offset by several cases in
which an employee received a minor injury and voluntarily
never returned to work. These reports indicate a large
number of days lost before employment was terminated.

NATURE OF INJURIES

The natures of the injuries resulting from shaft
accidents are shown on Tables 1 and 2 for coal and metal-
nonmetal proijects, respectively. A total of 16 fatal acci-
dents which resulted in 20 deaths occurred during the period
1872 through 1975 for coal shafts and 1973 through 1975 for
metal and nonmetal shafts.

As shown on Tables 1 and 2, the leading types of
injuries at both types of shaft projects were contusions and
bruises. Cuts and sprains were the second and third most
common types of injuries.

The majority of injuries appear to be relatively
minor. Fractures are the only serious injuries occurring
with any frequency, accounting for only 6.8 percent of the
coal shaft injuries and 13.0 percent of metal-nonmetal shaft
injuries.

Multiple injuries accounted for 4.6 percent of
injuries in coal accidents and 3.9 percent of metal-nonmetal
shaft accidents. While these types of injuries are rela-
tively uncommon, they are the most severe, commonly resul-
ting in death or permanent disability.

The incidence of chemical burns should be noted.
These injuries accounted for only 3.3 percent of the injuries
in coal shafts, but in metal-nonmetal shafts, chemical
burns, chiefly burns from alkali substances added to concrete,
amounted to 9.8 percent of all injuries.



TABLE 1

NATURE OF INJURY
COAL MINE SHAFTS 1972-1975

Nunber of Percent of
Description Accidents Injuries
Contusion, crushing, bruise 123 22.6
Sprain, strains 80 14,7
Cut, laceration, puncture 77 14.2
Miscellaneous or unclassified 72 13.2
Fracture 37 6.8
Multiple injuries : 25 4.6
Burn (chemical) 18 3.3
Burn or scald 4 0.7
Dermatitis | 4 0.7
Hernia, rupture , 4 0.7
Amputations dr‘enucleation 2 0.4
Concussion 1 0.2
Dislocation 1 0.2
Scratches, abrasions 1 6.2
Not reported 94 17.3

TOTAL 543 99.8
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TABLE 2

NATURE OF INJURY

METAL & NONMETAL MINE SHAFTS 1973-1975

Number of Percent of
Description Accidents Injuries
Contusion, bruises 84 21.8
Cuts, punctures 59 15.3
Fractures 50 13.0
Sprains 50 13.0
Chemical burns 38 9.8
i“iscellaneous 18 4.7
Multiple injuries 15 3.9
Asphyxia, drowning 11 2.8
Scratches, abrasion 10 2.6
Burns 6 1.6
Amputation 4 1.0
Dermatitis 4 1.0
Dislocation 4 1.0
Radiation (flash) 4 1.0
Heat stroke 2 0.5
Hernia 2 0.5
Inflammation of joints C 2 0;5
Concussion 1 0.3
Electrical shock 1 0.3
Freezing 1 0.3
Not Reported 20 5.2
TOTAL 386 100.1
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CAUSES OF ACCIDENTS

The accident data obtained from MESA's Health and
Safety Analysis Center were analyzed to identify the causes
and circumstances of each accident. The data were examined
and tabulated according to the cause of the accident and the
type of accident which resulted. The detailed reports of
fatal accidents were studied and compared to all shaft
accidents in general. Table 3 summarizes the causes of
fatal accidents which occurred in shafts during the period
of record.

The results of these analyses provide a general
indication as to the causes and circumstances surrounding
shaft accidents. Due to the limitations of the basic data
described earlier, additional information was needed to
substantiate the results of this analysis. Therefore,
meetings and site visits were arranged in cooperation with
officials of various MESA Health and Safety Districts and
Shaft Contractors. The results of these meetings are re-
ferred to throughout this report and supplement the results
of these analyses.,

Tables 4 and 5 show the reported causes of acci-
dents in coal and metal-nonmetal shafts, respectively. The
various causes of accidents have been ranked in order of
freguency of occurrence, average severity and in number of
fatalities resulting. Ranking in order of frequency iden-
tifies those causes occurring most commonly regardless of
the injuries that result. The average severity ranking
identifies the various accident causes that result in the
greatest average time lost or charged. From these rankings
it can be seen that the most important causes of accidents
are haulage, machinery, materials handling, falls of persons,
sliding or falling objects, suffocation, and miscellaneous
causes including burns and chemical irritations.

The following discussions examine each cause in
detail.

Haulage Accidents

Haulage includes all equipment used for trans-
porting men or materials. In shaft and slope work haulage
includes hoisting men or materials and placement of buckets
on the bottom. BAs seen from the accident data, haulage was
the leading cause of accidents, based on average severity,
for both coal and metal-nonmetal shafts. Such accidents
were the leading cause of fatalities at metal-nonmetal
shafts and the second greatest cause of fatalities at coal
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shafts. Table 6 shows a detailed listing of the various
causes of haulage accidents. The greatest number of fatal-
ities resulted from operators being crushed between con-
veyances or between conveyance and rib while operating.
Other serious or fatal accidents resulted from haulage ropes
or falling from conveyances, autos or trucks.

Machinery Accidents

Machinery accidents include those resulting from
the use of loaders, drills, bolters and all powered tools.
Based on average severity, machinery was the second most
important cause of coal shaft accidents and the fifth leading
cause of metal-nonmetal shaft accidents. A detailed break-
down of the causes of machinery accidents in coal and metal-
‘nonmetal shafts is shown on Table 7. In both cases power
drills were the most common causes of machinery accidents.

Drilling accidents commonly resulted from the
miners' efforts to control the drill or when changing drill
steel. Injuries from broken equipment were less common and
usually resulted from broken drill steel. In a few cases
air hoses broke, striking the operator or other miner.
Other drilling accidents were the result of clothing, hair
or hands caught in the drill, foreign objects in eyes, or
dropping the drill on hands or feet.

Although power drills caused more injuries, dozers,

cranes and front loaders caused more severe injuries and
accounted for three fatalities.

Suffocation and Mine Fires

Suffocation and smoke inhalation from mine fires
was the second most serious cause of accidents at metal~
nonmetal shaft projects. As shown on Table 8, such acci-
dents resulted in 14 injuries including 2 fatalities, both
from naturally occurring gases. It should be noted that no
suffocation and smoke inhalation accidents were reported at
coal shaft projects.

Sliding or Falling Objects

Sliding or falling objects were the third most
significant cause of accidents at coal and metal-nonmetal
shaft projects. Table 9 details the types of accidents
resulting from this cause. In both cases the most severe
accidents resulted from falling rock.
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TARLE 6

CAUSES COF HAULACE ACCIDENTS

I. COAL SHAFTS -~ 1972-1975

TOTAL
NUMBER OF DAYS LOST AVERAGE NUMBER, OF

CAUSE : ACCIDENTS OR CHARGED SEVERITY FATALITIES
Struck or squeezed between cars or motors 1 "0 0.0 0
Operator squeezed between car and rib 1 6,000 6,000.0 1
Squeezed between car and rib - not

machine operator 1l 3 3.0 0
Fall from car, scraper, tractor 1 3 3.0 o
Fall while leaving truck or auto 2 243 121.5 0
Miscellaneous haulage 1 4 4.0 0
TOTAL ' 7 6,253 893.3 1
II. METAL AND NOMMETAL SHAFTS - 1973-1975

TOTAL
HNBER OF DAYS LOST AVERAGE NUMBER OF

CAUSE ACCIDENTS OR CHARGED SEVERITY FATALITIES
Struck or squeezed hetween cars - while

coupling 2 60 30.0 0
Struck or squeezed between cars - while

operating 5 12,251 2,450.2 2
Miscellaneous - struck or squeezed

between cars 1 239 289.0 0
Squeezed between car & rib while coupling 1 15 15.0 0
Squeezed between car & rib while operating 5 6,415 1,283.0.. 1
Miscellaneous - squeezed between car & rib 4 87 21.8 0
Ropes used for haulage 6 6,301 1,050.2 1
Strains fram pushing/pulling cars by hand 2 286 134.0 ]
Fall fram car, scraper, tractor 1 6,000 6,000.0 1
Flying particles from haulage equipment 1 3 3.0 0
Autos, trucks 1 29 29.0 0
51ip or fall leaving auto or truck 2 105 52.5 0
Miscellaneous haulage 3 75 25,6 0
TOTAL 39 31,898 938.2 5

Details not recorded 5
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TABLE 7
CAUSES QF MACHINERY ACCIDENTS
Reproduced from SV
I. COAL SHAFTS - 1972-1975 \Ef’t available copy. iy
TOTAL
’ NUMBER OF DAYS LOST AVERAGE NUMBER OF
CAL'SE ACCIDENTS OR CHARCGED SEVERITY FATALITIES
Chain, kucket or nonbelt conveyor 1 ¢ 0.0 v
wWhile moving loader 3 3 1.0 0
Cperating loader or mucker 2 Q 0.0 0
Power drills - when drilling . 40 168 4.2 0
Power drills - when bolting 4 87 21.8 4]
Cranes, dozers, front loaders 6 12,059 2,009.8 2
Punps, carpressors - stationary machines 1 Q - 0.0 0
Flying particles from machines = -except
bolters 14 5 0.4 0
Flying particles fram bolting machines 1 G 0.0
All miscellanscus powered machines 28 30,261 1,080.8
TOTAL 100 42,583 425.8 7
Details not recorded 13
II. ETAL AND NOMMETAL SHAFTS -~ 1973-1975
TOTAL
NUMBER OF DAYS LOST AVERAGE NUMBER CF
CAUSE AOCIDENTS OR CHARGED SEVERITY FATALITIES
Eelt conveyor 1 74 74.0 0
Chain, bucket or nonbelt conveyor 2 26 13.0 0
HMoving mining rr;achine 7 59 g.4 0
Overating loader or mucker 4 73 18.3 0
Power driils - when drilling 13 122 9.4 0
Rock bolting machines 1 0 0.0 0
Cranes, dozers, front loaders 2 6,004 3,002.0 1
Moving any machine except miner or loader 1 3 3.0 0
Flying particles fram machines - except
bolters 2 18 9.0 0
A1l miscellanccus machines 12 103 8.6
TOTAL 45 6,482 144.0 1

Details not recorded 11
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TABLE 9

AOCIDENTS RESULTING FROM SLIDING OR FALLING MATERIALS

I. CQAL SHAFTS - 18972-1975

TOTAL
NUMBER OF DAYS 10ST AVERAGE NUMBER OF

OBJECT ACCIDENTS OR CHARGED SEVERITY FATALITIES
Props or timbers 1 0 0.0 0
Object dropped or thrown by co-worker 4 12 3.0 0
Material sliding or falling fram car,

loaders 4 27 6.8 0
Roll or slide of coal or gob 3 153 51.¢ 0
All miscellaneous 19 95 5.0 0
TOTAL 31 287 9.3 0
IT. METAL AND NONMETAL SHAFTS - 1973-1975

TOTAL
NUMBER CF DAYS LOST AVERAGE NIMBER OF

OBJECT ACCIDENTS OR CHARGED SEVERITY PATALITIES
Props or timbers 2 10 5.0 0
Cbject dropped or thrown by co~worker 5 9 1.8 0
Material sliding or falling from car,

loader 9 150 16.7 0
Falling ecuipment under repair 4 23 5.8 G
Roll or slide of ore, waste, or gob 2 6,039 3,019.5 1
tiscellaneous or unknown cbjects & 6,092 1,015.3 1

TOTAL 28 12,323 440.0 P
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Falls of Persons

Slips and falls were the fourth most serious
accidents at both cocal and metal-nonmetal shafts. Such
accidents are classified as falls on the same level, in-
cluding slipping on ice or in the shower, or falls from
height such as falling from a ladder or scaffold. Tables 10
and 11 show the details of fall-of-person accidents at coal
and metal-nonmetal shafts, respectively. Falls at metal-
nonmetal shafts resulted in two fatalities.

Other Significant Causes

Accidents resulting from handling materials and
miscellanecus causes were significant from a frequency
basis. Although common, such accidents were not particu-
larly severe. Materials handling accidents were the second
most common type at coal shafts and the third most common
type at metal-nommetal shafts. Table 12 gives details of
such accidents. Miscellaneous causes were the most commonly
occurring accident at metal-nonmetal shafts and the sixth
most common cause of coal shaft accidents. Table 13 details
these miscellaneous accidents.

WORKER EXPERIENCE

Many studies (Theodore Barry and Associates, 1971,
1972; Steinkamp, 1975) have indicated that worker experience
is a major factor in the cause of accidents. The available
accident reports for both coal and metal-nonmetal shaft acci-
dents were studied to determine the experience levels of the
injured workers. It was impossible from the available data
to normalize the results of these analyses. That is, it
was not posgible to project the results of the analyses of
injured workers to the total population of all shaft miners
in the United States. However, discussions with MESA per-
sonnel and contractors' representatives substantiated the
analyses.

Average Age of Injured Workers

Figures 30 and 31 show the distribution of the ages
of workers injured in coal and metal-nonmetal shaft projects.
The average age of injured workers in coal shaft projects
was approximately 31 years. Over 30 percent of the injured
miners were less than 25 years old, with only 17 percent
in the 41 to 65 bracket. According to Theodore Barry and
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TARLE 12

CAL'SES OF MATERIAL HANDLING AXIDENTS

I. COAL SHAFTS - 1972-1975

TOTAL

NUMEER OF DayYs 1IosT AVERAGE NUMBER QF
CAUSE ACCICENTS OR CGHARGED SEVERITY FATALTTIES
Props, timber, cribbing 5 14 2.8 0
Waste 6 2 0.3 0
Rails, pipe, structural steel 10 88 8.8 0
Wire, wire rope, cables 2 17 8.5 0
Rock bolts S 3 0.6 0
Flying particles fram handling materials 6 8 1.3 0
Miscellanecus supplies 70 31 4.4 0
TOTAL 104 443 ' 4.3 0
Details not recorded 1
II. !ETAL AND NOMMETAL SHAFTS - 1973-1975

TOTAL

NUMBER CF DAYS IOST AVERAGE NUMBER OF
CAISE AOCTDENTS CR CHARGED SEVERITY FATALITIES
Props, timber, crikbing 12 123 10.3 0
Waste 1 V] 0.0 0
Rails, pipe, structural steel 9 46 5.1 4]
Wire, wire rope, cables 1 1 1.0 ¢
Flying particles fram handling materials 4 48 12.0 0
Miscellaneous supplies 12 192 16.0 0
TOTAL 39 410 10.5 (]
Details not recorded 7




TABIE 13

ACCIDENTS DUE TO MISCELIANECUS CAUSES

I. COAL SHAFTS ~ 1972-1975

TOTAL
NUMBER OF DAYS LOST AVERAGE NUMBER OF
CAUSE ACCYIDENTS OR CHARGED SEVERITY FATALITIES
Burns, flash or flying particles from
welding or cutting 6 6 1.0 0
Chemical burns 14 121 8.6 0
Burns from controlled fires v 0.0 0
Miscellaneous 8 195 13.1 4]
TOTAL 30 232 7.7 ]
II. METAL AND NOMMETAL SHAFTS - 1973-1975
TOTAZL
NUMBER CF DAYS LOST AVERAGE NUMBER CF
CAUSE BCCIDENTS OR CHARGED SEVERTTY FATALTTIES
Wind-blown dirt or debris 2 3 1.5 0
Burns, flash or flying particles from
welding or cutting lo 7 0.7
Chemj.cal burns 38 295 7.8
Miscellaneous 8 60 7.5
TOTAL 58 395 6.8 0

Details not recorded 4
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Associates (1972), the average age for injured miners in
Pittsburgh Seam mines was 50 years, with the majority of
the workers in the 41 to 65 age bracket.

In metal and nonmetal mines, the average age of in-
jured workers was approximately 34 years. Figure 31 shows
a more uniform distribution of ages than Figure 30 but is
still weighted toward ‘the younger men.

The observation that shaft miners are generally
younger than production miners may be explained in two ways.
First, these average ages of injured workers may reflect the
fact that most shaft miners are younger than production
miners. Alternatively, it may indicate that younger miners
are more likely to have accidents than older, more experi-
enced workers. Theodore Barry and Associates (1972, p. 111)
stated that, nationally, younger miners are more prone to
accidents than older men, but in the Pittsburgh Seam mines
surveyed, the accident rate for both age groups was nearly
equivalent. Research cannot definitely determine which fac-
tor applies to shaft workers. It is, however, believed that
the shaft construction workers are younger than workers in
producing mines,

Total Mine Experience

Tabulations of total underground mine experience
reported for each injured miner are shown on Figures 32 and
33 for coal and metal-nonmetal shafts, respectively. Of the
206 coal shaft accident reports which listed total experience,
58.3 percent indicated 2 years experience or less. In their
1972 report (p. 59), Theodore Barry and Associates stated
that the average underground miner in the Pittsburgh Seam
has 25 years experience in underground mining, and the
national average is 16 years.

Injured workers in metal and nonmetal shafts re-
ported somewhat more underground experience. In this case,
approximately 25 percent have less than 2 years experience,
with the average being approximately 7.3 years.

These observations strongly suggest that one major
cause of shaft-sinking accidents is the lack of experience
in the work force. This observation was supported by inter-
views with various MESA inspectors and representatives of
contractors and the United Mine Workers of America.
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]
PERCENT

AGE NUMBER REPORTING AGE
UNDER 20 30 5.9
20 - 24 125 24,7
25 - 29 123 24,3
30 - 34 81 16.0
35 - 39 61 12.0
Lo - 4hi 30 5.9
45 - 49 29 5.7
50 - 54 9 1.8
55 - 59 12 2.k
OVER 59 7 1.4
NOT REPORTING 36 -
TOTAL 5h3 100

PERCENT OF FORMS REPORTING AGE

0] 20 25 30 35 40 45 50 55 60
AGE (YEARS)

FIGURE 30
AVERAGE AGE INJURED COAL SHAFT MINERS

r
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PERCENT

AGE NUMBER REPORTING AGE
UNDER 20 10 2.8
20 - 24 56 15.8
25 - 29 60 16.9
30 - 34 86 24,2
35 - 39 40 11.3
LO - Lk 53 4.9
L5 - 49 23 6.5
50 - Gh 20 5.6
55 - 59 b 1.1
OVER 59 3 0.8
NOT REPORTING 31 -—-
TOTAL 386 99.9

PERCENT REPORTING AGE

o 20 25 30 35 40 45 50 55 1
AGE (YEARS)

FIGURE 3I
AVERAGE AGE INJURED
METAL AND NONMETAL SHAFT MINERS
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PERCENT REPORTING EXPERIENCE

_ﬂ
EXPERIENCE NUMBER OF PERCENT QF FORMS

(WEEKS) ACCIDENTS REPORTING EXPERIENCE
0 - 13 Lo 19.4
4 - 27 22 10,7
28 - 40 8 3.9
L1 - 52 27 13.1
53 - 79 10 L.9
80 - 104 13 6.3
~ 104 86 L1,7
NOT REPORTED 337 ————
TOTAL cL43 100.0

50

40—

30

20 —

30 40 50 €0

TOTAL MINE EXPERIENCE (WEEKS)

FIGURE 32
TOTAL MINE EXPERIENCE INJURED COAL SHAFT MINERS

70 80 20 100 o 120

BE——
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PERCENT OF FORMS

EXPERIENCE NUMBER REPORTING EXPERIENCE
0 - 25 WKS L 4.9
26 - 51 WKS 10 3.4
T YR - 1,9 YRS 21 7.1
2.0 - 4,9 YRS 62 21.0
5.0 - 9.9 YRS 72 24,4
10.0 - 14,9 YRS Ly 14,9
15,0 - 19.9 YRS 17 5.8
20 + YRS 25 8.5
NOT RECORDED g1 _————
TOTAL 386 100.0

— - o
o] o o

PERCENT OF FORMS
REPORTING EXPERIENCE
o

0-25 26-51 1-1.9 2-4.9 5-9.910~-i4915~19.9 20+
WKS WKS YRS YRS YRS YRS YRS YRS

TOTAL MINE EXPERIENCE

FIGURE 33
TOTAL MINE EXPERIENCE -
INJURED METAL AND NONMETAL SHAFT MINERS
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EXPERIENCE NUMBER OF PERCENT OF FORMS
(WEEKS) ACCIDENTS REPORTING EXPERTENCE
0 - 13 73 26.0
14 - 27 L3 15,3
28 - 4o 19 6.8
b1 - 52 45 16.0
53 - 79 13 L,6
80 -~ 104 18 6.4
> 104 70 24,9

NOT REPORTED 262 _————

TOTAL 543 100.,0

40

30

PERCENT OF REPORTING EXPERIENCE

30 40 50 60 70 80 90 100 o 120
JOB EXPERIENCE (WEEKS)

FIGURE 34

JOB EXPERIENCE INJURED COAL SHAFT MINERS
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PERCENT OF FORMS

EXPERIENCE NUMBER REPORTING EXPERIENCE
0 - 25 WKS 108 35.3
26 - 51 WKS 25 8.2
T YR - 1.9 ¥RS 34 11.1
2.0 - 4,9 YRS 78 25.5
5.0 - 9.9 YRS 34 11.1
10.0 - 14,9 YRS 12 3.9
15,0 - 19.9 YRS 6 2.0
20 + YRS 9 2.9
NOT RECORDED 80 “——
TOTAL 386 100,0

PERCENT OF FORMS REPORTING EXPERIENCE

0-25 26~-561 |- 1.9 2-4.9 5-9.9 10~14.915-19.9 20+
WKS WKS YRS YRS YRS YRS YRS YRS

JOB EXPERIENCE

FIGURE 35

JOB EXPERIENCE INJURED
METAL AND NONMETAL SHAFT MINERS
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Job Experience

Job experience is that length of time the worker
has spent in his current job classification. Figure 34
shows the job experience reported for workers injured in
metal-nonmetal shafts. The length of job experience for
injured coal shaft workers has been plotted in weeks.
According to the reports submitted to MESA, only 25 percent
of the injured workers had more than 2 years experience in
their job classification. Production miners in the Pitts-
burgh Seam reportedly average 3 years experience in their
classification (Theodore Barry and Associates, 1972).

Figure 35 shows that length of job experience for
injured metal-nonmetal shaft miners is somewhat longer than
for coal. Although approximately 35 percent reported less
than 25 weeks experience, approximately 26 percent reported
2 to b years job experience.
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VIT. CURRENT PRACTICE

INTRODUCTION

To improve shaft safety it is necessary to understand
and observe the men and equipment at work in the industry. To
this end, sites, officials of key MESA Health and Safety Dis-
tricts, contractors' representatives, and members of the United
Mine Workers of America were visited to get a picture of shaft-
sinking practices currently in use. The discussions presented
herein are the result of the data analyses and conversations
held with the experienced shaft personnel.

THE SHAFT-SINKING INDUSTRY

The mine construction industry, which includes shaft
sinking, is a distinct phase of underground mining, and is, in
many ways, different from production mining. Shaft sinking is
a costly operation requiring a large investment in time, mate-
rials, and labor. This expenditure must be committed before
mine production can begin and a return realized on the invest-
ment., Mining companiegs and contractors are therefore vitally
interested in completing the shaft-~sinking in a minimum amount
of time. Shaft-sinking contractors are committed to a budget
and schedule that requires the work to be completed as effi-
ciently as possible. The mine owners are anxious to have the
shaft completed and in service so that mine production may
begin or continue. The work is, therefore, relatively tempo-
rary, and as a single shaft project does not provide long-term
employment, shaft miners are forced to continually travel,
seeking work.

In many ways shaft-sinking work is a mixture of
mining and heavy construction. Shaft work is done underground
and is subject to ground control problems as in mining; venti-
lation in shafts may be a problem as it is in mines; and a
hoisting system is used and is critical to the operation.
There are, however, several differences between shaft work and
mining. In shaft sinking much work is done from work decks or
platforms suspended in the shafts. This is not common in
production mining but is more closely related to heavy con-
struction. Other construction tasks are involved: forms are
handled and concrete for the shaft lining is placed; and cranes
and other temporary lifting devices may be used extensively.

Shaft sinking is a relatively small industry, pro-
viding steady employment to a limited number of people. The
increased demand for coal and uranium in recent years has
increased the need for shafts and the need for skilled workers.
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The industry is therefore in a period of growth. New tech-
niques of sinking and drilling are being tested and developed.
New regulations are also being proposed and implemented. The
situation is one of growth and change.

Site visits conducted during this study focused on
actual shaft-sinking practices in use today. Through these
visits it was possible to see the effects of regulation, en-
forcement policies, shaft-sinking methods and equipment.
Discussions with contractors and MESA inspectors highlighted
safety problems and provided data to supplement the previous
data analyses.

REGULATION

Regulation of the shaft-sinking industry is rela-
tively new. The mining industry in the United States was not
closely regulated until passage of the Federal Metal and Non-
metallic Mine Safety Act (1966) and Coal Mine Health and Safety
Act (1969). These laws greatly increased the inspection res-
ponsibilities of the Bureau of Mines, and later, of the Mining
Enforcement and Safety Administration. Subsequent federal
responsibilities for enforcing health and safety requirements
were concentrated on producing mines. The rapid increase in
the demand for coal caused an increase in shaft-sinking pro-
jects and an increase in shaft accidents. MESA inspectors were
generally unfamilar with the detailed procedures of shaft-
sinking work. The laws being enforced were designed for pro-—
ducing mines and did not adeguately define shaft requirements.

MESA inspectors and their supervisors have had to
interpret regulations based on their own training and experi-
ence, which has not always been completely applicable to shaft
operations. The regulations also contain ambiguities which
create confusion among contractors and inspectors.

In most mining nations, shaft sinking is considered
mining and is subject to the complete body of mining laws.
Special sections are added to exempt shaft sinking from certain
provisions or to require additional standards to meet con-
ditions unique to shaft sinking. This method of regulating
shaft work is followed by most United States individual state
laws and by Section 57 of MESA regulations dealing with metal
and nonmetal mines. Federal coal mine laws, however, put shaft
sinking in a separate subpart under Section 77, Surface Work of
Underground Coal Mines. This section is one of the most de-
tailed sets of shaft-sinking laws in the world. However,
individual regulations are ambiguous and the arrangement creates
problems in interpretation. Discussions with personnel in the
industry indicate a lack of consistent interpretation and




VII-3

enforcement. In several MESA districts, it was found that
Section 77, Subpart T - Shaft Sinking is the only regulation
that may be applied. Other districts apply all the sections of
the Coal Mine Health and Safety Laws to shaft projects.

Part of the controversy results from varying inter-
pretation of the shaft-sinking plan required under Section
77.1900. The plan must be submitted to the appropriate MESA
District Manager for approval before actual construction of the
shaft may begin.

Some contractors are critical of the interpretation
and use of the shaft-sinking plan by various District Managers.
The contractors contend that MESA officials often exceed their
authority in establishing requirements for approval of the plan
beyond the specific requirements of the law. They charge that
District Managers refuse to approve plans unless the contractor
agrees to unnecessarily stringent types of ground support and
ventilation systems. There may be some validity to these
charges. 1In some districts, plans are received, evaluated, and
approved with only changes requested to clarify particular
points. Other districts will withhold approval of the plans
unless the contractor includes such specification as dictated
by the District Manager.

The differing interpretations of the use of the shaft
plan causes confusion and antagonism between MESA and wvarious
contractors. The adversary relationship then tends to hinder
cooperation and the achievement of improved safety. At the
time of this study there was no formal statement of policy from
MESA's administration to guide the District Managers in their
interpretation of shaft plan requirements. Lacking such guid-
ance, the District Manager has no choice but to require stan-
dards he feels necessary based on his own training and experi-
ence and that of his staff. In many cases this leads to un-
necessary restrictions, or a lack of sufficient restrictions on
shaft-sinking operations.

Several other districts follow a more cooperative
approach which includes the use of a checklist of items re-
guired in the plan. Using the checklist contractors know what
criteria are used to evaluate and approve the plan. MESA
personnel also provide technical assistance inspections of
shaft equipment prior to the start of sinking operations.
These courtesy inspections provide a means of correcting de-
ficiences without the danger of violations and fines.
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CONVENTIONAL EXCAVATION

Initial Excavation

Initial excavation practices were observed at several
projects and were discussed, for the most part, with local
contractors and MESA inspectors. Initial excavation includes
the removal of soil and rock to a predetermined depth prior to
installation of the shaft collar or sinking headframe. The
major safety problems associated with initial excavation are
ground control and hoisting. Excavation through soil or un-
stable overburden is usually done with a backhoe or a crane and
clamshell. Men do not work in the excavation when the backhoe
or clamshell is in use but may enter the shaft as needed to
install shoring. Temporary shoring such as wooden forms or
segmented steel liner plates are commonly used until firm rock
is encountered. At that point a concrete collar and lining is
placed. If bedrock is sufficiently competent and shallow,
placement of the concrete lining will be delayed. When bedrock
is encountered at a shallow depth, drilling and blasting are
necessary. The broken rock may be removed by cranes and clam-
shells or mucking machines such as the Eimco 630 may be used to
load debris into a bucket hoisted by the crane.

During initial excavation men may enter the shaft by
fixed ladders or by riding buckets hoisted by the crane. When
fixed ladders are used, they must meet required federal and
state specifications. Several MESA Health and Safety Districts
have policies restricting the use of ladders to shafts less
than 40 feet deep. When mobile cranes are used to hoist men,
overspeed and overwind devices are required as on fixed hoists.

In at least one MESA district, contractors are pro-
hibited by district policy from permitting men to ride con-
veyances attached to the main hoist of mobile cranes during
initial shaft excavation. In this district, the contractors
are encouraged to mount air winches on the boom of the crane
for use in man hoisting. In discussion with other authorities,
this practice was severely criticized. The critics maintain
that the main hoist and rope are stronger and more reliable
than the air winches. They also state that proper limit con-
trols such as the Logan Simplex controller can be placed on
mobile cranes successfully to make the cranes as effective as a
fixed hoist. The critics also argue that placing a winch on
the crane boom may be dangerous since the winch places stress
on the boom in a location not planned in the machine's design.

The depth to which mobile cranes may be used during
initial excavation is another major restriction. Metal and
nonmetal shafts may be sunk to 200 feet using cranes for hoists.
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Several coal mine districts restrict mobile cranes to shaft
depths less than 60 feet. Most MESA coal mine districts limit
the use of mobile cranes to shaft depth of 100 feet. At that
depth, MESA regulations (Section 77.1908b) requiring conveyance
guides are enforced. This practice is reasonable since an
adequate depth is required to allow installation of a headframe
and work deck and maintain sufficient clearance to prevent
blast damage to the equipment. The available data does not
indicate that mobile cranes are less safe than fixed hoists and
headframes. The cranes must be equipped with proper limit
controls, adequately maintained and inspected and operated
within rated capacities.

Hoisting Systems

Following the period of initial excavation, the hoist
and headgear used to sink the shaft are installed. The instal-
lation of this egquipment allows the contractor to establish the
work cycle to be followed during the remainder of the project.
In conventional excavation of shafts, the hoisting system is
the key to a safe and efficient project. All access to the
shaft is gained with the hoist; men and materials are handled
and muck is removed. It has been said that proper installation
and maintenance of the hoist system will eliminate nearly all
potentially serious safety problems. In addition, a properly
designed and maintained hoisting system greatly improves pro-
duction.

To be truly safe and effective, the hoist system
should be carefully designed to insure that the components are
compatible and will function together. It is essential that
the selection of the hoist, headgear, sheaves, and rope be made
carefully. The capacity of the entire system is only as great
as its weakest component.

Problems arise when contractors begin shaft projects
using any available hoist and sheaves. This equipment may not
be compatible with the available rope, or project schedules
prohibit waiting for proper equipment to become available. In
these cases, some contractors and operators may begin work with
improperly matched rope, drum, and/or sheaves. This practice
is not only costly, since the rope will wear rapidly and must
be replaced, but is also dangerous.

Hoists used on all projects visited during this study
were securely mounted on concrete footings and enclosed in
temporary shelters to protect them from the weather. All were
well maintained and were fitted with automatic controllers.
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Winches and Miscellaneous Hoists - In addition to the
main hoist, many contractors use a number of small air winches
or tuggers to perform a variety of functions. They may be used
to handle steel forms for lining the shaft, lower ventilation
tubing or concrete mixing devices, or operate shaft cover
doors. One operator uses a series of tuggers mounted on the
surface to operate a small clamshell mucking machine. Larger
electric hoists are used to position the work deck. Since
these winches are not usually used to hoist men there is often
a tendency to neglect their maintenance. They are often fitted
with old, damaged or spliced rope and are not inspected as
regularly as the main hoist.

It should be remembered, however, that these hoisting
machines are often used to handle equipment over men working in
the bottom or on stages. Therefore, the tuggers, air hoses,
controls and rope should be carefully inspected and maintained.
In cold weather contractors should insure that ice does not
collect in controls or otherwise hamper the winches' operation.

Controllers - Nearly all controllers seen during this
study were Model D or Simplex devices manufactured by the Logan
Activator Company of Chicago. All persons contacted stated
that these devices are safe and dependable when properly in-
stalled, adjusted, and maintained. Problems with controllers
may result from improper installation and maintenance. The
operator ‘s manual, provided with the devices, specifies main-
tenance procedures and recommends that one man be designated to
inspect and adjust the controller. It is essential that a
trained, gualified person inspect and adjust the controller to
insure proper operation.

Current regulations (30 CFR Section 77.1905b) permit
the use of a second gqualified operator in lieu of automatic
controcllers. Most persons contacted during this study did not
agree that a second operator was a satisfactory substitute for
a controller.

Headgear - Several different types of headgear are
commonly found on shaft projects. The most common is the steel
sinking headframe. The sinking headframe is a temporary struc-
ture that may be disassembled and moved to other projects as
needed. No accidents were reported to have resulted from
headframe failure but several sources noted that these struc-
tures should be closely inspected. Since they are moved between
jobs, the headframes should be carefully assembled to insure
that all necessary structural members are installed and ade-
guately connected. The headframe should have a capacity at
least equal to the maximum strength of the hoist and rope and
be placed on a foundation adequate for the designed loads.
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In addition to the sinking headframe, other types of
headgear commonly in use include the stiff leg derrick and
tower crane. These devices were criticized by many sources but
were defended by those contractors and MESA personnel who had
direct experience with them.

The tower crane is a type commonly found on civil
construction projects. In shaft sinking, the crane is fitted
with controllers for overspeed and overwind protection and a
load limit control that applies the brakes and cuts power if
the operator attempts to 1lift a load heavier than a designed
amount. Such a limit device controlling the amount of torque
applied to the electric hoist motor may also be beneficial on
conventional hoists and platform hoists to protect against
overstressing the headgear and rope.

The stiff leg derrick is a steel boom supported by a
gin pole and guys. The boom swings horizontally and may be
raised or lowered. A conventional drum hoist with appropriate
controllers is used with the derrick.

If proper limit controls are used, the stiff leg
derrick and tower crane appear to be satisfactory types of
headgear. As with fixed headframes, they must be properly
installed and operated, and have sufficient capacity for the
loads to be lifted. The stiff leg derrick and tower crane have
the advantage of swinging the load away from the shaft collar.
This allows men and supplies to enter or leave the bucket on
firm ground and reduces the hazard of dropping materials into
the shaft. The ability to swing loads away from the shaft also
eliminates the use of a crosshead to stabilize the bucket.
Methods other than crossheads may be used to stablize the
bucket, but as will be discussed later, they appear less ef-
fective,

Rope Strength and Attachments - The rope and attach-
ments are critical factors in holsting safety. In meeting with
various contractors and MESA personnel, it was learned that
improper sheave and drum size was the major cause of rope
problems. Current MESA regulations for both cocal and metal-
nonmetal mines cite American National Standards Institute
(ANSI} Standard M11.1-1960 as the accepted specification for
installation and use of rope. It was stated, however, that the
ANSI standard needs revision to include other types of rope
construction now being used in mines. In addition, more atten-
tion should be given to calculation of factors of safety.

As described earlier in this report, the calculation
of the factor of safety is based upon the manufacturer's nomi-
nal breaking strength for new rope or upon the results of
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destructive testing of a sample of used rope. Several rope
manufacturers, including the United States Steel Corporation,
state in their specifications that the stated strength is based
on samples tested with both ends fixed. In use, the strength
will be reduced if one end is free to rotate (U.S.S. Tiger
Brand Wire Rope Catalog, pg. 20 and 21). This restriction
applies to 19 x 7 nonrotating and 8 x 19 spin-resistant ropes,
both commonly used in shaft-sinking work. No accurate data
were available which specified the amount of strength reduction
but several MESA inspectors reported being told the amount
could be as much as 35 percent. The strength reduction could
be significant since many shaft contractors use hoisting sys-
tems that allow buckets to rotate.

The only effective means to prevent bucket rotation
is a well designed crosshead. 2As with other safety devices in
shaft sinking, there is controversy as to the value of cross-—
heads. Critics contend that the crossheads present a greater
hazard by accidently hanging in the headframe when the bucket
is lowered. If the crosshead temporarily hangs up, then falls
free, the results are disastrous.

Several contractors prefer not to use work decks in
their shafts and therefore have no guide ropes on which to
mount the crosshead. Those operators opposing crossheads may
use alternatives to stablize the bucket. One alternative
method is the use of a weighted line and sling. In this system
a single, small~diameter rope is attached to a weight, commonly
a concrete-filled, 5-gallon bucket, and lowered by a small
winch into the shaft. Men riding the bucket then secure a rope
sling around the weighted line and either secure the sling by
attaching it to the bucket or heolding it by hand. While this
system complies with the requirements of the law, it is ques-
tionable whether or not it adeguately prevents the bucket from
rotating or striking the rib. Certainly, a hand-held sling
would fail to provide protection during violent or other than
routine movement.

Other operators use a non-rotating or spin-resistant
rope as a substitute. They argue that the weight of the bucket
is sufficient to prevent swinging during hoisting and no other
system is required, particularly in the relatively shallow
shafts of the eastern coal regions. In view of the rope
manufacturers' statements concerning reduced rope strength, the
use of free buckets should not be accepted as an alternative
method. 1In addition, it should be noted that besides pre-
venting bucket rotation, a crosshead provides protection
against tipping should the bucket strike an cbhstruction in the
shaft.
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If crossheads are to be used, they must be attached
to a system of shaft guides. 1In most shaft operations ropes
supporting the work deck are used to guide the crosshead.
Federal regulation (30 CFR Section 57.19-54) for metal and
nonmetal mines requires that ropes used as guides be of locked
coil construction. This regquirement was not found in coal mine
regulations and, in fact, only one coal site visited used
locked coil ropes for guides. The regulations similarly do not
require the use of safety catches in the crosshead. The safety
catches are designed to engage the guides and stop the con-
veyance in the event of failure of the hoist rope.

In discussion it was gquestionable whether or not the
rope guides would provide a satisfactory surface upon which the
catches could operate. Several operators believe that the
safety catches would merely stop the crosshead alone and not a
loaded bucket. At worst, they might accidentally engage,
breaking the stage suspension ropes and causing a major dis-
aster. In visits to shaft sites, only one contractor had
safety catches installed. Several expressed the view that
specific research should be done to develop a safe, effective
safety catch for use on rope guides.

Federal regulations also require a system of bridle
chains be used when hoisting men. The bridle chains are se-
cured to the hoist rope at least 3 feet above the bucket con-
nection and are attached to the bucket rim. In discussion with
several contractors, questions were raised regarding the actual
value of the safety chains. Many contractors and shaft miners
object to the use of these chains. The chains prevent tipping
of the bucket and therefore must be removed when mucking. The
miners object to the extra time needed to attach the chains for
man hoisting. They also argue that the chains cause injuries
to miners' hands when the men enter or leave the bucket. This
arguement is supported by accident records that show many such
injuries. There is apparently little firm data available to
verify the effectiveness of the chains.

Shaft Covers - Federal regulations regquire that
shafts be guarded to prevent people or materials from acci-
dentally falling into them. Three basic methods of guarding
shafts were cobserved. Several operators placed the shaft
collar at ground level. The shaft was then covered with steel
plates. Two steel doors provided access into the shaft. The
doors were hinged to open upward and were powered by an air
over hydraulic system. This system appeared to be extremely
safe since the shaft opening was completely covered. Another
method consisted of raising the collar about 2 feet above
ground level and covering the center third of the shaft opening
with a sliding door. The ends of the shaft opening were cov-
ered with steel mats. The cover door was moved by two air
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winches mounted adjacent to the collar. This system appeared
safe and offered the advantage of admitting more light to the
shaft. The third method consisted of erecting a fence around
the shaft collar. Entrance to the shaft was gained by hoisting
with a crane or stiff leg derrick that could swing the load
over the fence.

Platforms -~ Platforms or work decks were observed on
several shaft projects. The platforms ranged from single deck
scaffolds of wood or steel mats that were jacked against the
shaft wall, to large multi-deck galloway stages suspended by
ropes from surface-mounted hoists. Among the problems reported
with platforms was a lack of good housekeeping.

If the stage is to provide overhead protection to the
men on the shaft bottom, care must be taken to insure good
housekeeping on the stages. Excess materials, waste concrete
and fly rock should not be permitted to accumulate on the deck
or on sheaves supporting the suspension ropes. The deck plat-
form should also be fitted with guard rails and toe boards.

Drilling

Drilling on most shaft projects visited was done with
hand-held sinker drills although jumbos were common. Those
contractors and inspectors contacted in this study had no
opinion concerning the safety merits of either method. The
accident data analyses, however, indicated that drills were a
leading cause of accidents. It would appear that more injuries
result from the use of hand-held drills than from jumbos, but
no statistical evidence is available for support of this
conclusion.

Blasting

In United States coal mines, the law requires the use
of permissible explosives unless prior approval is obtained
from the MESA Eealth and Safety District Manager. In metal and
nonmetal mines there is no specified requirement for the use of
permissible explosives. Permissible explosives are those which
are approved by MESA for use in mine atmospheres containing
methane or other explosive gases. If an operator desires to
use a nonpermissible explosive, he must make a written appli-
cation to the District Manager explaining the conditions in the
shaft which require the use of nonpermissible agent.

The regulations require that all the other work in
the shaft be halted when explosives are lowered to the face.
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No men other than those actually needed to handle the explo-
sives may be transported in the bucket or cage with the ex-
plosives. Charging of the hole must be done only by experi-
enced men. Electric blasting circuits must be separated,
preferably on the opposite wall from the power circuits.
Blasting switches should be located in a locked box on the
surface and unlocked only by authorized persons prior to
blasting.

In our discussion with contractors, it was suggested
that the primers be prepared on the surface and transported to
the bottom. The contractor believed this would substantially
reduce the chance of misfires since the primers would be pre-
pared more carefully under better conditions at the surface.
This practice would reduce the amount of work on the bottom and
the potential damage to the leg wires which leads to misfires.
This contractor also advocates the use of plastic containers to
hold the powder charge when loading holes. This insures all
cartridges are in contact and insures against misfires.

Mucking

The mucking operaticn is one of the more dangerous
tasks in shaft sinking. The work requires at least one man to
be on the bottom while muck is being loaded. Men working on
the bottom during mucking operations must be alert to machines
and buckets moving in restricted areas. The accident data
reviewed in this study indicated the significance of mucking
accidents but could not identify any particular types of
mucking machines as being more dangerous than others. The
safety evaluation of each type of machine was bhased on dis-
cussions with people familar with shaft work.

Eimco 630 - The Eimco 630 excavator is the most
common type of mucking machine used in the United States. Many
persons contacted in this study were critical of the Model 630.
They believe the machine is too fast for use in confined shafts.
Operating on an uneven muck pile, the operator can easily lose
control of the machine. For this reason, several sources
suggested restricting use of the machine to shafts at least 20
feet in diameter. Although this restriction may prevent some
accidents, the real problem appears to be misuse of the machine.
In order for the machine to perform safely, it must be ade-
quately maintained and operated by a trained operator. The
machine is available with one of three bucket sizes ranging
from 5-1/2 to ¢ cubic feet capacity and one of 4 lengths of
bucket arms. Naturally, smaller diameter shafts would require
a machine assembled with shorter arms and a smaller bucket.
Proper maintenance is also essential. 0Older models of the 630
were equipped with dual tram controls and contained a spring to
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return the controls to neutral when the operator released
pressure on the levers. Operators commonly removed these
springs for operating convenience. When this was done the
machine would continue to move when the operator released the
tram levers. If the operator was thrown from the machine, the
mucker would be out of control on the shaft bottom. This
dangerous practice is being eliminated after receiving much
attention from MESA inspectors resulting in a redesign of the
tram controls by Eimcoc Corporation. The new models of the 630
machine are controlled by a single wobble stick control and
appear to be significantly safer than the older models.

Preventive maintenance is also important. At least
one contractor has established a practice of cleaning and
servicing the mucking machines every time they are removed from
the shaft. The operator is responsible for removing debris
from the controls, bucket arms, tracks and drive mechanisms.
The machines are then inspected and serviced as required. This
practice insures that deficiencies are discovered and corrected
early. The machines operate more efficiently and safely when
properly maintained.

Several persons were critical of some features of the
design of the Eimco 630 and suggested changes to improve safety.
These people were critical of the machine's method of casting
muck backward over the machine. It is believed this method of
throwing the muck endangers the operator. It is suggested that
guards be installed over the control handles to protect the
operator's hands and controls from rocks thrown by the machine.
Also recommended was a deadman control or a more easily acces-—
sible air cutoff handle on the main air valve.

Safety could also be improved by further training and
supervision of operators. Several contractors enforce the
policy of always mucking with the operator positioned toward
the center of the shaft. In this way, the operator is less
likely to be crushed between the machine and shaft wall. All
men on the bottom should be instructed to be alert to the
position of the machine and buckets at all times. When work
stages are used, the mucking machine's hose tender should work
from the stage to reduce the number of men on the bottom.

Clamshell - Mucking with clamshell buckets is com-
monly used during initial excavation and has been adapted by at
least one contractor for excavating the entire shaft. This
system consists of a small clamshell bucket suspended by rope
from two air winches mounted on the surface adjacent to the
shaft collar. The clamshell is operated by a miner on the
bottom using a button control box. The operator raises and
lowers the bucket and opens or closes it to load muck. The
clamshell is moved horizontally by two miners using tag lines.
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The muck is loaded into buckets by the clamshell and hoisted.
This method requires skill and coordination among the miners.
The contractor favors this method as fast and economical. The
method is criticized by others because:

— the clam support ropes are long and free to
swing in the shaft damaging themselves and vent
tubing, hoist rope, and other equipment;

- the tugger winches are exposed to weather and
have reportedly frozen causing a loss of control;

- if either miner slips or loses control of his
tag line the clamshell may swing and strike the
men on the bottom; and

~ danger exists for broken reopes falling to shaft
bottom.

The available accident records éid not identify the
number of accidents, if any, that resulted from this system.
It was reported that the clamshell suspension ropes wear rap-
idly and must be frequently replaced. Several scurces attri-
buted accidents to rope failures but these charges could not be
substantiated.

Other Types - Other types of mucking eguipment in-
clude the Cryderman mucker, LHD tractors, and backhoes. Back-
hoes have been used in several shafts but no accident data are
available for these projects. They appear to have some safety
advantage since the operator is located at a control panel hung
from the stage or shaft wall. The location provides good
visibility and reduces the number of men on the bottom.

The Cryderman mucker is also used but seems to be

" most commonly found on deep metal and nonmetal shaft projects.
Again no details are available for accidents caused by these
machines. The only accidents found associated with the Cry-
derman machine resulted when a rope clip failed when raising
the machine. Several MESA officials also commented that the
suspension systems used to raise the Cryderman muckers should
be carefully designed or controlled by regulations. No details
could be obtained defining specific problems or suggested
solutions.

Excavation in slopes is commonly done with LHD units.
Since these units are controlled by an operator on the machine
and do not require the use of tracks or hoists, they present
some safety advantage over rail cars. On slopes steeper than
approximately 10 degrees, hoists and ropes are used to assist
the units in moving up the slope. Accident records indicate
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one fatality resulted when brakes failed on a Wagner ST-8
loader at a slope project. Several MESA officials have sug-
gested prohibiting the use of this machine in slopes steep
enough to require the use of an assist hoist. They believe the
unit's brakes are inadequate. The accident records do not
indicate whether or not there has been a systematic failure of
LHD units in steep slopes. It is possible that the single
fatality resulted from failure of an individual unit and not a
design failure to be found in an entire line of machines. It
was noted, however, that LHD units are subject to severe use on
slope projects. Brakes and power train components are taxed
when the units must tram up long distances in reverse gear to
dump loads, then drive back down the slope to the face. The
cycle must be repeated many times in mucking out a round.
Inspection and maintenance should be constant and thorough to
protect against machine failure. It is questiocnable whether
all contractors maintain the units as required by the demands
of slope work.

Lining

Lining is not an essential step in shaft construction
but is commonly done and is beneficial to safety during con-
struction and later use. Shafts may be sunk bald or unlined if
ground conditions permit. Many contractors prefer this method
since speed 1is increased. This practice is criticized by many
authorities, particularly in the eastern United States coal
regions. The shale and other sedimentary rocks found in these
regions slake easily and decompose after exposure to air,
water, and periodic freezing. The rock deterioration may occur
rapidly and regquire frequent inspection and scaling. Several
authorities stated they did not believe contractors adequately
inspected and scaled the unlined shafts to insure complete
removal of weathered rock. Most authorities favored some type
of lining.

The most common lining material was concrete. Sev-
eral safety problems were related to placement of the concrete
or handling the forms. Accident reports from metal and non-
metal shaft projects reported a large number of workers re-
ceiving alkali burns from accelerators added to the concrete
mix. Burns resulted from workers contacting concrete and
excess water draining from freshly placed concrete. It would
appear, therefore, that the workers are not being informed as
to the potential danger involved or are not properly protected
with boots or gloves. This problem was found in metal and
nonmetal mine projects and not reported from coal projects
where the use of accelerators is not as common.
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The most common safety problems in shaft lining
resulted from handling steel-lining forms. It is common prac-
tice to suspend the forms from the work deck. When the forms
are to be broken free and lowered into position for the next
section of lining, a keyway is removed from the forms. The
remainder of the forms are freed by pulling with the platform
hoists, This practice places a large lcad on the hoists and
rope. Several authorities contacted stated this was perhaps
the largest locad placed on the headframe and the most difficult
to calculate. It was also stated that, since platforms are not
designed to hoist men, they are not considered subject to the
specifications for man-hoisting equipment found in Subpart 0,
30 CFR. The platform suspension systems are frequently not
closely inspected and maintained. In one particularly serious
accident, three fatalities were attributed to hoisting failure
while repositioning forms.

If lining forms are to be handled by the work deck,
it is advisable to withdraw men from the shaft when forms are
broken. This is done by at least one contractor. In addition,
it is suggested that hoists used to break forms be fitted with
controls to limit the amount of torque applied to prevent
overstressing the headframes and ropes.

Following placement of concrete, it is particularly
important to clean waste concrete and other materials from the
work deck. Waste concrete accumulating on the deck creates
hazardous footing for men and may jam or damage sheaves and
rope resulting in problems during stage movements.

Ventilation

Adequate ventilation is essential for underground
work. Continuous circulation of fresh air removes dust, blast
fumes and other gases. Federal and state regulations establish
minimum standards for air gquality and prescribe basic venti-
lation procedures for producing mines. Application of these
requirements to shaft work has created problems. In shaft-
sinking work fresh air is conducted to the working face through
metal conduits from surface-mounted fans and returns directly
up the shaft. Maintenance of the wentilation system is impor-
tant. Care must be taken to insure that the incoming air can
circulate around the platform and reach the working face. The
ventilation ducts must be protected against damage during
blasting, usually by ending the metal duct a safe distance
above the bottom and using fireproof cloth ducts to reach
bottom.
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Some controversy exists as to which system consti-
tutes adequate ventilation in a shaft. The controversy was
found not only between contractors but within MESA itself. The
primary disagreements center on the quantity of air required
and the distance from the end of the vent tube to the shaft
bottom. Several Coal Mine Health and Safety Districts apply
coal mine law to shafts and require a volume of 9,000 cubic
feet per minute at the tube end no more than 30 feet from the
bottom., This value and distance is based on the gquantities
required at the last open crosscut in the working face of a
coal mine. Other districts define adequate ventilation by
requiring 9,500 or 10,000 cubic feet per minute. In these
districts the vent tubing end may be 50, 60, or 70 feet from
the bottom. Other districts do not enforce firm values but
require that the air at the shaft bottom be kept clear of dust
anéd methane. The major problem in specifyving set volumes and
distances is encountered during cold weather. Miners working
in water, subjected to a high volume of very cold air, become
extremely cold and turn off the ventilation fan for comfort,
While this may be more comfortable, it does increase problems
from dust and methane. It would seem reascnable to specify
that air guality standards be met. The specific arrangement of
ventilation system components needed to meet these standards
should be left to the operators.

Another real controversy exists over which U.S.
Bureau of Mines Permissibility Schedule should apply to use of
diesel equipment. Schedule 31 is the more stringent specifi-
cation and is applied to diesel machines in underground coal
nines. Schedule 24 requirements are less stringent and are
used in underground metal and nonmetallic mineral mines and
tunnel work. In at least one district, contractors are re-
quired to use Schedule 31 equipment in driving slopes through
rock to reach the coal seam. They contend that Schedule 31 was
formulated to prevent ignition of coal dust which is not en-
countered in the rock excavation. They argque that the Schedule
24 requirements are adeguate in that coal dust is not encoun-
tered in significant quantities. Schedule 31 specifications
reguire expensive modifications to their equipment, increased
maintenance costs and reduce machine efficiency.

Noise

Noise levels in shafts may be extremely high es-
pecially during drilling and mucking. No regulations have been
formulated or applied to restrict worker exposure to noise
during shaft work. The accident records, likewise, did not
indicate injuries resulting from prolonged exposure to noise.
Several authorities stated that standards should be developed
or applied to shaft work.
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Lighting

At the present time, the only lighting in shafts is
the result of natural light and individual miner's cap lamps.
Natural light is restricted to shallow depths and ig not avail-
able for work at night. Several contractors are reportedly
experimenting with portable lights or mounting permissible
lights from shuttle cars on work decks. The major problems
have been in locating permissible lights that are adaptable to
shaft work. Research to develop satisfactory permissible
lighting systems is currently being conducted by the Bureau of
Mines (Contract Number HQO 262042). It has also been reported
that promising permissible lights have been developed in the
United Kingdom but have not been submitted for permissibility
testing in the United States. Many authorities believe that
improved lighting in shafts would greatly increase safety.

Maintenance and Inspection

‘Proper inspection of the shaft before the start-up of
a shift, after a blast and periodically during the shift are
required by law. Likewise, detailed inspection of all major
hoists and hoisting facilities is required. 1In visiting sev-
eral shaft projects, it was apparent that well managed projects
Had definite ingpection and maintenance programs beyond the
legal minimums. One contractor maintained his hoist inspection
records according to the format used in the Province of Ontario.
These requirements are more stringent and detailed than those
required under United States law. Another contractor required
that the mucker cperator clean, inspect, and service his machine
every time it was brought to the surface. 7This policy was
followed closely and applied to all equipment on the site.

RAISE DRILLING

Raise drilling to develop shafts is rapidly gaining
in popularity for several important reasons. Less eguipment is
required and fewer men are needed to develop the shaft. Work
is faster than by conventional methods. The relatively smooth
walls and circular cross section are stable and well suited for
ventilation shafts. The major safety problems have been in
ventilating the shaft during drilling and in protecting the
miners removing the cuttings at the shaft bottom.

The accident data surveyed for this study did not in-
dicate a safety problem in shaft ventilation. However, since
the raise drilled shaft is connected to an operating mine, it
is essential that dust and methane concentrations in the shaft
be strictly controlled. Potential problems have been recog-
nized and research is being conducted to develop an acceptable
ventilation system.
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VIII. CONCLUSIONS

GENERAL

This study into shaft safety has identified some of
the problems involved and has led to the development of recom-
mendations to improve safety at shaft-sinking projects. At-
tempts to identify systematic causes of accidents through ana-
lysis of accident records were only partially successful.

Following the review of shaft accident data, it was
concluded that data does not exist in sufficient detail to
adequately identify specific cases of inherently dangerous
equipment or procedures. What was identified are people-
related problems, such as mine owners hurrying to develop
shafts, contractors working on tight schedules and budgets, and
inexperienced and untrained workers performing dangerous work
under difficult conditions. The preliminary conclusions reached
after reviewing the accident data were tested during site
visits and discussions with MESA personnel and shaft contrac-
tors. The final conclusions were reached after these meetings
and represent the synthesis of shaft accident data and the
comments of shaft industry personnel.

ACCIDENT ANALYSIS

As contractors are reluctant to discuss the accident
histories of their projects, it was, therefore, necessary to
search the accident reports filed with MESA's Health and Safety
Analysis Center in Denver to develop the data required for a
statistical analysis of shaft safety. The existing require-
ments for accident reporting do not identify shaft sinking as a
separate type of mining activity; therefore, the records are
difficult to locate. While a thorough search of the records
was made, it is possible that many shaft-sinking accidents were
not available for analysis due to the operator's failure to
file a report or to inefficiency in the data storage and
retrieval system.

The data obtained did indicate that a significant
safety problem exists in the shaft industry. Shaft sinking is
a dangerous business. During the period of record analyzed in
this study, coal shaft projects had an accident frequency rate
of 131.6 accidents per million man-hours worked. For compari-
gon, MESA reported a fregquency rate of 66.06 for all under-
ground ccal mine injuries during the 12-month period ending in
Cctober 1976. In metal and nonmetal shaft projects the acci-
dent frequency rate was found to be 157.8 accidents per million
man-hours worked. This compares with an accident rate of 38.6
for all underground metal and nonmetal mines during the third
quarter of 1975.
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The severity of accidents at shaft projects was also
high. As severity rates based on the number of days lost from
injuries per million man~hours worked could not be calculated
due to lack of detail in the data, average severity, or the
number of days lost per accident, was calculated.

For computations of average severity in coal mine
shaft projects, 543 accident reports were located for the
period 1972 through 1975. Of these reports, 437 recorded a
total of 50,771 days lost, including 6 fatal accidents which
resulted in the deaths of 8 miners. The average severity was
therefore calculated to be 116.2 days lost per accident.
Excluding fatalities, the average severity was 6.4 days.

During the period of record 1973 through 1975, 386
accident reports were located from metal and nonmetal shaft
projects. OFf these reports, 54 were incomplete. The remaining
322 reports listed a total of 76,935 days lost for an average
severity of 232.4 days. This average value includes 10 fatal
accidents in which 12 men were killed. Ixcluding fatalities,
the average severity was 14.7 days lost per accident.

The most significant causes of accidents were haulage
and machinery. Haulage includes all equipment used for trans-
porting men or materials. In shaft and slope work, haulage in-
cludes hoisting men or materials and placement of buckets on
the bottom. Eaulage was the leading cause of accidents, based
on average severity, for both coal and metal-nonmetal shafts.
Such accidents were the leading cause of fatalities at metal-
nonmetal shafts and the second greatest cause of fatalities at
coal shafts. The greatest number of fatalities resulted from
operators being crushed between conveyances or between con-
veyance and rib while operating. Other serious or fatal acci-
dents resulted from errors with haulage ropes or by falling
from conveyances.

Machinery accidents include those resulting from the
use of loaders, drills, bolters and all powered tools. Based
on average severity, machinery was the second most important
cause of coal shaft accidents and the fifth leading cause of
metal-nonmetal shaft accidents. In both cases power drills
were the most common causes of machinery accidents. Drilling
accidents commonly occurred during miners' efforts to control
the drill or when changing drill steel. Injuries from broken
equipment were less common and usually resulted from broken
drill steel. 1In a few cases air hoses broke, striking the
operator or other miner. Other drilling accidents were the
result of clothing, hair or hands caught in the drill, foreign
objects in eyes, or dropping the Adrill on hands or feet. Al-
though power drills caused more injuries, dozers, cranes and
front loaders caused more severe injuries and accounted for
three fatalities.
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Examination of age and experience data submitted on
injured miners suggests several factors possibly contributing
to injury-producing accidents. Tabulation of the ages of
injured miners indicates shaft miners, particularly those at
coal shafts, are substantially yvounger than production miners.
This fact implies a lack of experience, an observation sup-
ported by an examination of the injured miners' total mining
and job experience. Perhaps this is a reflection of the over-
all trend in the coal industry in recent times. Previously the
United States coal industry was generally depressed and, there-
fore, was not particularly attractive to younger workers, How-
ever, with the increased interest in coal during recent years,
a demand for new mines and miners has grown which has not been
met by the available work force. Older, more experienced
miners are not sacrificing their careers and seniority at
established mines to work in relatively short-term shaft-
sinking projects. The result is a lack of experienced workers,
both as miners and supervisors. The situation in metal and
nonmetal mines has not been as dramatic. This portion of the
mining industry has been comparatively stable and has provided
longer periods of employment. In this area workers have had
opportunity to obtain the necessary experience.

In examining the various accident reports it became
apparent that nearly all of the incidents could have been pre-
vented by either the victim or a nearby worker applying a
little "common sense"., Common sense in an undertaking such as
shaft sinking, however, is a function of a person's experience
and training, which, indicated by the age and experience levels
of the injured workers, are lacking in shaft~sinking workers.
These observations were verified in several meetings with MESA
and contractors' personnel. These meetings also reinforced the
belief that the majority of shaft-sinking accidents are rela-
tively minor and would be preventable through improved training.
The fatalities, however, appear to be caused by improper equip-
ment procedures or equipment failure, particularly with regard
to holsting equipment. These accidents result from factors
beyond the immediate control of the individual miner and must
be prevented by proper management and supervision. Management
must insure that hoisting systems are properly designed for the
job, properly installed, properly maintained and used.

EQUIPMENT

In studying shaft operations it became apparent that
the hoisting system is critical to safety and efficiency. To
perform safely the hoisting system should be carefully designed,
installed and maintained. Many of the hoisting accidents re-
sulted from improper installation or maintenance of hoisting
equipment. A review of existing regulations indicates that
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present standards for hoilst installation and use are adequate
if applied to shaft operations. 8Since all hoisting in shafts
involves hoisting men or handling materials over men, strict
application of man~hoisting standards should apply.

In addition, two other important items were noted.
First, Section 77.1905(b) of coal mine regulations permits the
use of a second qualified hoist operator in lieu of automatic
overspeed, overwind and automatic stop devices. This section
should be eliminated since the second operator is less effec-
tive than properly installed and adjusted automatic controls.

Second, Section 77.1808(b) requires guides and guide
attachments or a no less effective means to prevent bucket
swinging when hoisting men from a shaft 100 feet or more deep.
At the present time a system comprised of crosshead and guides
is the only effective means of stabilizing the bucket. The
alternative system of a weighted line and rope sling does not
appear to provide equivalent protection although there is no
hard data to verify this conclusion.

There is, however, data to indicate that the use of
nonrotating or spin resistant rope without guides as used by
some contractors is not an effective means of safely stabili-
zing a bucket. Rope manufacturers state in their catalogs that
rope strength is reduced if one end is free to rotate. It is
therefore possible that use of an unguided bucket would result
in a reduced factor of safety.

Additional research and testing are regquired to de-
velop alternate means for stabilizing buckets that are no less
effective than a crosshead and quides. It is recommended that
permission of the appropriate Health and Safety District Mana-
ger be required for use of any system other than a crosshead
and guide.

Two additional areas of concern, noise and illumi-
nation, were noted. Existing regulations governing shaft work
do not address these problems. It is believed that safety
would be improved by establishing suitable standards for al-
lowable noise levels and illumination in shafts. To implement
these standards would require additional research to develop
mufflers or other noise suppressants for drills and mucking
machines and to develop suitably permissible lighting systems
for shafts.

TRAINING

Accident records and comments by experienced per-
sonnel indicate a critical shortage of trained shaft miners and
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supervisors. Many injuries are the direct result of this lack
of training and experience. It is firmly believed that im-
provements in training would provide more immediate and more
dramatic improvements in shaft safety than would the develop-
ment of additional regulations.

Thorough training is essential. No one is allowed to
enter a South African shaft project unless he is thoroughly
trained or experienced (Swallow, 1960). Methods for training
South African miners are detailed (Jamieson and others, 1961)
and include practical experience in equipment operation and
gsinking procedures. The training is conducted in simulated
shafts constructed on the surface. While such detailed train-
ing may not be economically feasible in the United States,
workers should be thoroughly instructed in procedures and
safety rules. Men should be instructed in equipment operation
of the surface before being permitted to operate machines
underground. Supervisors are especially important in insuring
safety through enforcement of safety rules and in providing
instruction in safe working practices. Certification proce-
dures for shaft supervision should be established and enforced.

REGULATIONS

As stated earlier, the existing regulations are gene-
rally adeguate to insure safety; however, they should be clari-
fied to remove ambiguities and to clearly indicate their appli-
cability to shaft work. Existing regulations defining safety
standards for shaft-sinking tasks should be extracted from all
applicable portions of mining laws and compiled into separate
subparts which would govern shaft work. In this way shaft
sinking would be acknowledged as a special phase of mining as
are surface and underground mines. The shaft regulations could
be organized in either of two ways. First, a separate subpart
could be established under Part 57 of Title 30 CFR to define
regulations applicable to sinking shafts in metal and nonmetal
mines. This subpart could be patterned after Subpart T of
Section 77 which establishes standards for shaft sinking at
coal mines. The second method would establish a single section
of shaft-sinking regulations patterned after Subpart T to be
applied to all shafts, coal and metal-nonmetal. The latter
arrangement is preferred since it could be expanded to include
all mine construction activities in addition to shaft sinking.
A regulation would be needed defining when the project should
be considered a mine and therefore subject to underground
mining standards. It is suggested that shafts to coal deposits
be considered coal mines when the excavation enters the seam to
be mined and excavation direction becomes parallel to that
seam. Metal and nonmetallic shaft projects could be considered
mines when the shaft, including loading pockets and ore pas-
sages, reaches its planned depth and development into or to-
wards where the orebody begins.
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FUTURE TRENDS

From this study's overall view of the shaft industry
it was seen that the increased demand for shafts coupled with
increased labor costs and reduced productivity will encourage
the development of shaft drilling techniques. These methods
appear to offer a significant improvement in safety primarily
due to the fact that men do not work in the shaft during sin-
king. At the present time identified safety problems in raise
drill projects include adequate ventilation of the shaft and
placement of the collar and lining. In blind drilled projects
the major safety problems occur during lining. The solutions
to these problems will be found as more drilled shafts are con-~
structed. MESA and industry personnel should critically ex-
amine shaft drilling operations to anticipate their potential
safety problems. Steps should be taken to rapidly implement
additional training for inspectors or develop new regulations
as required to meet the safety problems presented by shaft
drilling techniques.
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I¥. RECOMMENDATIONS

The recommendations presented here are based on the
results of accident data analyses and interviews with people
active in the shaft industry. PFour major categories of recom-
mendations are included.

1. Training of shaft miners should be improved and
should include training in equipment operation
on the surface before beginning work in the
shaft. A system of certification for shaft
supervisors should also be developed.

2. Several proposed equipment standards are in-
cluded. Generally, the standards for equipment
safety devices currently applied to underground
mining machines were found to be adeguate. They
should, however, be required in shaft work.

3. Recommendations are made suggesting modifi-
cations in MESA's policies concerning inter-
pretation of regulation and reporting accidents.
The recommendations are designed to clarify
regulations and to increase timely return of
accident data to aid inspection.

4. There is a need to clarify the regulations
governing shaft work. Specific standards are
proposed to reduce the ambiguities found in
Subpart T of 30 CFR. A similar set of shaft
regulations should be established for metal and
nonmetallic mineral mines.

TRAINING

It is recommended that MESA act to encourage improve-
ments in training for shaft miners and supervisors. Formal
certification should be required for shaft supervisors. The
certificates of competancy could be issued by state authority
with federal guidance. Certification for shaft supervisors
should be separate from surface or underground mining cer-
tificates, but could recognize such experience in partial
fulfilliment of shaft requirements., As a minimum, 4 years
experience should be required, of which 2 years could be in
underground mining. Candidates should have formal training in
first ald, roof and rib control, air quality measurement,
principles of hoist system installation and maintenance in-
cluding the use of mobile cranes and derricks.
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or stiff leg derricks that swing the loads away from the collar
thereby requiring the rope to be freed from a crosshead. Both
methods have merit and should not be prohibited solely because
they make crossheads impractical.

When crossheads are used there is no requirement for
the use of gafety catches to hold the conveyance in the event
of a slack rope or rope failure. There is much doubt in the
industry whether an existing safety catch would be effective on
rope guides as used in shaft work. Research should be con-
sidered to evaluate existing safety catches or develop a safety
catch for use on shaft projects,

When tower cranes or stiff leg derricks are used in
place of fixed headframes indicators should be provided to
assist the operator in positioning the conveyance in the center
of the shaft, It is important that the operator accurately
center the conveyance over the shaft before lowering the load.

Standards are needed defining the requirements for
lighting and the permissible noise level in shafts. Most
persons contacted in this study stated that improved lighting
in shafts would greatly increase safety. The problem, however,
is developing a portable, permissible light system suited for
use in shafts. Several systems have been developed but have
been reported unsatisfactory because they are nonpermissible or
require long periods to recharge and provide light for a lim-
ited time. Research by the U.S. Bureau of Mines (Information
Circular IC8709) indicates that a minimum luminous intensity of
0.06 foot-lamberts is necessary for safe underground mining
work and is a practical, attainable standard. Research should
be continued to develop a permissible lighting system for use
in shafts prior to the establishment of specific lighting
requirements.

Standards regulating noise levels in shafts should be
implemented. Current standards for employee exposure to noise
are contained in 30 CFR Section 57.5-50 for metal and nonmetal
mines and Subpart F Section 70.500 through 70.510 for coal
mines. These standards restrict worker exposure to noise
according to the following table.
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Permissible Noise Exposures

Duration per day Noise Level
(hours) (decibels)
8 90
6 92
4 95
3 97
2 100
1-1/2 ) 102
1 105
3/4 107
1/2 110
1/4 or less 115

Noise reduction may require development of modifi-
cations to drills, mucking machines or other equipment to
reduce noise. Until such modifications are available, suitable
ear protection should be required.

MESA POLICY

In addition to the proposed revisions in regulations
and training, MESA policies should be established to aid oper-
ators in complying with the law and to assist the inspectors.
MESA districts should prepare guidelines specifying the cri-
teria to be met in evaluating shaft plans. The criteria should
be based on the regulations in Standard 77.1900 and prevailing
local conditions. The practice of providing Technical Assis-
tance Inspections should be encouraged particularly prior to
activating the sinking hoisting system. The inspection should
encourage operators to select and install this vital system
properly.

MESA should hire additional experienced shaft per-
sonnel as shaft inspectors. Such inspectors could be assigned
at district or subdistrict level or be responsible for shaft
activities in more than one district as needed. MESA currently
has inspectors specializing in electrical systems and surface
and underground mining. Shaft sinking and mine construction
activities, in general, are sufficiently distinct from mining
to warrant specialized inspectors.

Additional training programs should be developed for
shaft and slope inspectors. The training could serve to stan-
dardize enforcement peclicies. Shaft contractors could be
utilized as advisors in preparing training programs. In line
with this recommendation, an inspection guide has been prepared
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and is included in Appendix A of this report. The guide has
been designed to be used by inspectors or other Health and
Safety District personnel in reviewing an operator's shaft
plan. The guide follows the requirements of Subpart T 30 CFR
and may be used as a checklist in training new shaft inspectors
or by inspectors in their shaft visits.

MESA's administration should act to revise the system
of accident reporting, data processing and feedback to District
personnel. As a minimum a system should be established by
which the Health and Safety Analysis Center (HSAC) provides
weekly or monthly reports to each subdistrict identifying
accidents within their area. These reports should describe
each accident that occurred listing the mine name, owner or
contractor, victim's name and brief description of the acci-
dent. The present system of providing statistical summaries
fails to . provide the inspector with vital background data on
the types of accidents occurring in their areas.

The data available in HSAC are extremely valuable if
used in a timely manner. The data should be used as an active
means of monitoring and improving safety conditions at ongoing
shaft projects and not merely as a historical record of past
mistakes or tragedies.

PROPOSED REGULATIONS

Current regulations governing shaft sinking for ccal
or metal and nonmetal mines should be revised and clarified.
It is proposed here to include the standards in a new subchap-
ter combining ccal and metal-nonmetal shaft-sinking regulations.
Recommendations for standards to be included in such a sub-
chapter are presented below, These recommendations are based
on the research and discussions included in this study, as well
as recent MESA proposed revisions to existing regulations. The
proposals are organized following Subpart T, Slope and Shaft
Sinking, of 30 CFR revised as of July 1, 1976.

Section 77.1900 - Slopes and shafts; approval of plans

Each operator of a coal, metal or nonmetallic mineral
mine shall prepare and submit to the appropriate Health and
Safety District Manager a plan providing for the safety of
workmen in each slope or shaft to be constructed or deepened.
The plan shall be consistent with prudent engineering design
and shall be prepared under the supervision of and certified by
a registered professional engineer. The methods employed by the
operator shall be selected to minimize the hazards to those
employed in the initial or subseguent development of any such
slope or shaft. The plan shall include but not be limited to:
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The name and adress of the mine owner;

The name, address, Mining Enforcement and Safety
Administration Identification Number of the
mine, and specific location of the shaft;

The name and address of all contractors per-
forming the work;

A topographic map at a scale of 1:62,500 or
larger showing:

aﬂ

b.

d.

the geographic location of the shaft or
slope;

the location of surface drainage and im-
poundnent ;

the location and extent of known under-
ground workings, tunnels, c©il or gas wells
or other facilities within 500 feet of the
shaft or within 500 feet of the center line
of a slope;

the location of the spoil area.

The elevation, depth, and dimensions of the
slope or shaft;

The general characteristics of the rock and
unconsolidated overburden through which the
shaft or slope will be developed including:

a. the elevation of the ground surface at the
shaft collar and elevation of the coal seam
or mineral deposit;

b. logs of test borings drilled at the shaft

site; for slope projects logs of test
borings drilled along the surface projec-
tion of the center line of the slope, shall
be included.

Drawings and specifications for the hoisting
facilities including:

the size and capacities of hoists, hoist-

a.
drums, ropes, motors, headframes, brakes,
and sheaves;

b. factors of safety for main hoist and plat-~

form suspension ropes including the cal-
culations used to compute the factors of
safety;



e.

[
on

X

methods of rigcing inciuding platform
rigging; :

the types of overspeed and overwind devices
to be used, a description of the speed and
position of the conveyance activating the
devices and the position of the nearest
rope attachment to the head sheave after
overwind devices are activated;

emergency hoisting devices.

A description of the operational procedures and
equipment to be used for conventional excavation:

al

b.

method for initial excavation and shoring
of overburden;:;

method for worker access during initial
excavation;

method for placing shaft collar, depth of
shaft when collar is placed, type of shaft
cover or collar protection to be used;

drilling equipment and procedures;

blasting including type and guantity of
explosives, pattern, stemming, type of
blasting device;

methods for inspecting ribs, wall, roof or
back, provisions for scaling, and temporary
support;

loading and removal of broken material
including type and capacity of loading ma-~
chine, number and duties of miners employed
at the face during excavation, capacity and
number of buckets used to hoist muck,
system for handling muck at the surface;

method for placing lining, handling forms,
placing concrete, shotcrete or gunite, and
the use of additives to concrete;

installation of service lines or other
facilities;

ventilation system including: size and
capacity of the fan, size, type and loca-
tion of tubing, schedule for air quality
and quantity testing; and
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establish schedules for inspection and
preventive maintenance of hoist, rope,
headgear, platforms, drills, excavations
and ventilation equipment.

For shafts developed by raise boring methods
provide:

d.

g

plans and specifications for drilling
machine, drill stem, bits and foundation
for drill;

plans for temporary and permanent support
of mine roof in the working area at shaft
bottom:

ventilation plan to include description of
any changes to mine ventilation system
during drilling, method for monitoring
methane content of air in shaft during
drilling;

methods for removal of broken material;

method for protecting workmen performing
maintenance on bit including inspection or
change of cutters during drilling;

procedures for breaking bit through to the
surface including removal of bit from
shaft, securing and removal of drilling
machine; and

method to line the shaft.

For blind drilled shafts provide:

a.

plans and specifications for drilling
machine, drill stem, bits and foundation
for the drill, and associated surface
facilities;

methods for removal of cuttings and dis-
posal of waste on the surface;

emergency procedures to protect miners if
drilled shaft is to connect with or pass
close to existing workings;
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d. plans and specifications for man hoisting
and ventilation if men are required to
enter the shaft during drilling; and

e. method for lining the shaft.

Section 77.1900-1 - Compliance with approved slope
and shaft-sinking plans

No work other than surface preparation and grouting
shall be permitted prior to approval of the shaft plan by the
Health and Safety District Manager. The operator shall be
notified in writing of approval or disapproval of the plan. If
the bistrict Manager determines that revisions to the plan are
required before approval can be granted, the revisions and the
reasons for the revisions shall be specified in writing. The
operator shall have the opportunity to discuss the plan and any
proposed revisions with the District Manager and to present
evidence justifying the safety of the proposed methods. Upon
approval by the Health and Safety District Manager of a slope
or shaft-sinking plan, the operator shall adopt and comply with
such plan.

Section 77.1900-2 - Modification of approved slope
and shaft-sinking plans

Each operator desiring to meodify an approved slope or
shaft plan shall, prior to initiating such modification, notify
the appropriate Health and Safety District Manager in writing,
of the details and reasons for such a modification. The Dis-
trict Manager shall notify the operator in writing of approval
or disapproval of the proposed modifications. If the District
Manager disapproves the modification or determines that re-
visions are required prior to granting approval of the modifi-
cation, he shall specify in writing the reasons for disapproval
and the revisions required. The operator shall have the op-
portunity to discuss the modification and revisions with the
District Manager and present evidence justifying the safety of
the proposed modification. Upon approval by the Health and
Safety District Manager, a proposed modification becomes part
of the approved slope or shaft plan.

Section 77.1901 - Preshift and onshift inspections; reports

a) Examinations of slope and shaft areas shall be
made by a certified person for hazardous con-
ditions including tests for methane, oxygen de-
ficiency and air quantity:
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{1} within 90 wminutes before each shift:

(2) at least once each hour on any shift during
which men are employed inside any slope or
shaft during development;

(3) before and after blasting.

{4) the appropriate Health and Safety District
Manager may require additional testing.

{5) the tests shall be made at least 12 inches
from the face or walls in the working area
of the shaft.

No changes are recommended in subsections "b" through

llfl‘l .

Section 77.1901-1 - Methane and oxygen deficiency tests;

approved devices

No changes are reccommended.

Section 77.1902 - Drilling and mucking operations

No changes are recommended.

Section 77.1902-1 - Permissible diesel-powered equipment

No changes are recommended.

Section 77.1903 - Hoists and hoisting; minimum reguirements

(a)

Hoists used to transport persons or materials in
shafts or slopes shall not handle loads greater
than the rated capacity of the hoist, rope
fastenings, headgear or the static load safety
factor of the rope. The rated capacities shall
be those stated by the manufacturer or certified
by a registered professional engineer.

The static load factor of safety required shall
be determined by the following table:



(c)

{(d)

(e)

(£)

(g)
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Minimum Factor Minimum Factor

Length of Rope of Safety of Safety
in Shaft (feet) (New Rope} (Retire Rope)
500 or less 8 6.4
501 to 1,000 7 5.8
1,001 to 2,000 6 5.0
2,001 to 3,000 5 4.3
3,001 or more 4 3.6

The factor of safety for new or used rope shall
be calculated using ultimate strength values
certified by laboratory tests performed by the
rope manufacturer or other qualified testing
agency.

Hoists used to transport persons or handle
platforms shall be equipped with an automatic
device designed to cut the power and apply the
brakes if the load exceeds the rated capacity of
the hoist, rope fastenings, headgear or rope.

Every hoist used to transport persons, materials,
or handle platforms shall be equipped with
brakes capable of stopping and holding a fully
loaded conveyance or platform at any point in
the shaft or slope. Loads should not be lowered
using the hoist brakes, except in emergencies,
All hoists including mobile cranes used to
transport persons or materials should raise and
lower loads only under power.

Every hoist used to transport persons or mate-
rials shall be equipped with overspeed, overwind
and automatic stop controls.

Each hoist used to transport persons or materials
shall be equipped with an accurate and reliable
indicator of the position of the conveyance
which shall be installed in clear view of the
hoist operator.

The American National Standards Institute "Speci-
fications for the Use of Wire Rope for Mines",
M11.1-1960, or the latest revision thereof,

shall be used as a guide in the use, selection,
installation and maintenance of wire ropes used
for hoisting. For ropes not described in this
standard, the recommendations of the manufac-
turer or a registered professional engineer

shall be used.
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Section 77.1904 - Communications between slope and shaft
bottom and hoist operators

Communications between slope and shaft bottoms and
hoist operators are adequate as stated. However, communica-
tions should also include the shaft collar and work platforms
as well as the slope or shaft bottom and hoistman.

Section 77.1905 - Hoist safequards: general

"Hoist safeguards: general"” may be omitted. The
requirements for hoist brakes are included in other standards.

Section 77.1906 ~ Hoists: daily inspection

"Hoists: daily inspection" should be made more
specific by detailing the criteria to be used in conducting the
daily inspection of the hoist system. Suggested criteria
include:

(a) Inspection of the hoist to include proper lubri-
cation and operation of brakes, overspeed,
overwind, and automatic stop devices. Hoist
drive units shall be protected from the weather,
and the mechanism that operates the brakes shall
be guarded to prevent material or tools from
accidentally fouling or jamming the brake sys-
tem. The conveyance should be operated through
one full cycle to test the proper operation of
the overspeed, overwind, and automatic stop
devices.

(b) Headgear including the headframe and sheaves
should be inspected for damage, missing parts,

broken flanges and sheaves, and proper lubri-
cation.

(c) The rope should be inspected for evidence of
corrosion, damage, or slippage of fasteners.
The rope must be removed from service when any
of the following conditions are found:

(1) 8Six randomly distributed broken wires in
one rope lay, or three broken wires in one
strand in one rope lay. Snagged, nicked or
severely bent wires shall be counted as
broken wires;
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(3)

(4)

(5)

IX-14

Abrasion, scrubbing, or peening causing
loss of more than 1/3 the original diameter
of the outside individual wires;

Evidence of rope deterioration from cor-
rosion;

Kinking, crushing or other damage that
results in distortion of the rope struc-
ture;

Reduction in nominal rope diameter de-
termined as follows:

i) 1/64 inch for rope diameters up to and
including 5/16 inch;:

ii) 1/32 inch for rope diameters 3/8 inch
to 1/2 inch inclusive;

iii) 3/64 inch for rope diameters 9/16 inch
to 3/4 inch inclusive;

iv) 1/16 inch for rope diameters 7/8 inch
to 1-1/8 inches inclusive;

v) 3/32 inch for rope diameters 1-1/4
inches to 1-1/2 inches inclusive;

vi)} Rope diameters over 1-1/2 inches, as
recommended by the wire rope manu-
facturer.

(d) Wire rope attachments shall be replaced when in-
spection shows:

(1)
(2)

(3)
(4)

Improper installation of attachment:

Cracked, deformed, excessively worn, or
loosened attachments;

Wire rope slippage at attachment;
More than one broken wire at the point of

attachment of a spelter filled or swaged
attachment.

The reguirements of Section 77.1906 reguiring one
complete cycle of hoist operation prior to each working shift
and detailed recording of inspection results should be con-

tinued.



IX-15

Section 77.1907 - Hoist construction: dgeneral

General hoist construction standards as stated in
Section 77.1907 are adequate; no revisions are recommended.

Section 77.1908 - Hoist installation; use

(a)

(b)
(c)

Where men are transported by means of a hoist
and the depth of the shaft exceeds 50 feet, the
hoist rope shall be suspended from a substantial
hoisting installation capable of withstanding a
force at least equal to the breaking strength of
the rope. The hoist installation should be high
enough to provide clearance between the main
sheave and the highest rope fastener.

No changes are recommended.

All guides and guide attachments or other no
less effective means installed in accordance
with Paragraph (b) of this section shall be
maintained to a depth of not more than 75 feet
from the bottom of the shaft.

Paragraphs (d) through (o) are adequate as published.

Section 77.1908-1 - Hoist operator; qualified hoistman

No changes are recommended.

Section 77.1909 - Explosives and blasting; use of

(a)

{b)

nonpermissible explosives and shot-
firing units

Nonpermissible explosives and nonpermissible
shot-firing units may be used in shafts and
slopes provided that all persons are withdrawn
from the shaft or slope to a place of safety on
the surface prior to firing the shot and the
shot is fired electrically from the surface.

The appropriate Health and Safety District
Manager may require the use of permissible ex-
plosives and permissible shot-firing units when
he determines that the use of nonpermissible
explosives or shot-firing units may present a
hazard to persons.
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Section 77.1910 - Explosives and blasting; general

No revisions are recommended.

Section 77.1911 - Ventilation of slopes and shafts

(a) All slopes and shafts shall be ventilated by
mechanical ventilation equipment during de-
velopment.

The ventilation system shall be capable of
producing a volume of 3,000 cubic feet of air
per minute at the working face. The air shall
contain not less than 19.5 volume per centum of
oxygen, not more than 0.5 volume per centum of
carbon dioxide and no harmful quantities of
other noxious or poisonous gases. Additional
ventilation shall be provided when diesel-
powered equipment is used underground. The
guantity of air required shall be determined by
the requirements specified for the type and
number of machines in use and shall maintain air
quality as specified in this section.

Such ventilation equipment shall be examined
before each shift and the gquantity of air in the
slope or shaft measured by a certified person as
specified in Section 77.1901 of this subpart.
The results of such examinations shall be re-
corded in a book approved by the Secretary.

No other revisions are recommended in Section 77.1911
with the exception of Paragraph (b)é6ii. This paragraph should
state that: Ducts shall extend as close to the bottom as nec-
essary to maintain air quality and guantity as specified in
Paragraph (a) of this section.

Reqguirements of Sections 77.1912, Ladders and stair-
way; 77.1913, Fire-resistant wood; 77.1914, Electrical equip-
ment; 77.1915, Storage and handling of combustible materials;
and 77.1916, Welding, cutting, and soldering: fire protection
are adequate and do not require revision.
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APPENDIX A

INSPECTION GUIDE

INTRODUCTION

This guide was prepared to assist inspectors in
their examination of shaft and slope construction projects.
It must be emphasized that shaft sinking is a specialized
form of mining just as are underground and surface oper-—
ations. While there are many similarities between shaft
work and underground mining, there are also significant
differences. Some of the differences create potential
hazards not found in production mining while other mining
hazards are not present in shaft work. The items included
here were found to be significant hazards based on an ana-
lysis of accident reports, interviews with MESA inspectors,
contractors, and union representatives.

Following the description of critical items is a

corresponding outline-checklist which may be used in in-
specting shaft and slope projects.

SHAFT PLAN

Coal mine operators are required by 30 CFR, Sec-
tion 77.1900 to submit a plan to the appropriate Health and
Safety District Manager for sinking the proposed shaft.

Upon approval, this plan sets the standards to be followed

in the shaft-sinking operation. This plan should be reviewed
prior to any inspection so that the inspector is familiar
with the operator's procedure.

Under present regulations, plans are not required
for metal or nonmetal mine shaft projects. However, the in-
spector should obtain as much information and become as
familiar as possible with the project. The following dis-
cussion reviews the reguirements for coal shafts and may be
used either for evaluation of a proposed plan or in prepar-
ation for an inspection.

Information Required by Section 77.1900

A, Name, MESA identification number, and address of the
mine. If the shaft is to connect with an existing
mine, consider the safety problems of that mine. What.
are the roof, water, or gas problems to be encountered.
This is especially important if the shaft is to be
raise drilled or when connection is made to the mine.

Preceding page blank



Name and address of the operator and/or contractor per-
forming the work. Consider the operator or contractor
actually performing the work as an indication of the
overall safety situation. Projects done by operators
with their own employees are commonly slower but repor-
tedly safer than those done by contractors who are
committed to a schedule. Evaluate the contractor, some
are extremely conscientious while others are less so.
Has he worked in this district before? What experience
has he had sinking shafts? New contractors are entering
the industry and may lack vital experience. A meeting
with the operator, contractor, the district or subdis-
trict manager and shaft inspector may be helpful prior
to approval of the plan. This is particularly useful
with unfamiliar contractors in that all parties become
acquainted, the proposed plan is reviewed, and require-
ments are understood.

Under existing regulations, the operator must provide a
description of the construction work and methods to be
used in the construction of the shaft or slope. Re-
visions to the existing regulations have been proposed
by MESA which require more details in the shaft plan.
The following items are not specifically required by
existing regulations but should be obtained and re-
viewed in evaluating a shaft plan.

1. A surface map showing:

a. Geographic location of the slope or shaft.
Examine the shaft area to determine if flood-
ing, snow slides or other factors will en-
danger the operation. If the shaft is located
in a valley or near a stream consider the
potential problems from ground water, parti-
cularly during initial excavation of the
overburden,

b. Surface drainage and impoundments. Is the
shaft collar safe from potential flcocods? Are
there impoundments upstream which might en-
danger the project? Well engineered reser-
voirs usually present no problems; however,
mine refuse banks, tailings ponds and similar
impoundments are usually not engineered and
might be potentially hazardous. If such
structures are located near the shaft will
they be affected by blasting vibrations?

c. Known underground workings or construction
projects within 500 feet. The shaft plan
should consider the possibility of gas or



water accumulation in old workings near the
shaft. How accurately is the location known
for such workings? If older surface facili-
ties existed are there buried electrical, gas
or other utilities which may be encountered
during initial excavation?

Spoil areas. Examine the location of the
dumping area. Is it near the shaft collar?
Will muck removal be done so as not to inter-
fere with other operations? Will muck be
handled near the collar where it may fall
back into the shaft? If the dump is located
away from the collar, will a haul road be
maintained? Will the muck pile endanger
other facilities or impound surface water?

2, Drawings and specifications of hoisting apparatus
showing:

a.

Size capacity and safety factor of ropes,
drums, headframes, brakes, and sheaves. This
data should be reviewed very carefully since
the hoisting system is the critical factor in
shaft safety. The sheave and drum diameters
should be in the proper ratio with the rope
diameter and construction. A proper fleet
angle should be used. ANSI Standard M11l.1-
1960 should be used as the guide in estab-
lishing the proper installation for the rope.
If the rope construction is not listed in
that standard, the use should be compatible
with the rope manufacturer's recommendation.
If the rope has had prior use, insure that it
has been properly tested and certified prior
to new installation. Although current regu-
lations do not reqguire the submission of
calculations to verify safety factors, they
should be checked., Rope manufacturers state
that their rope strength data were determined
by testing samples with both ends fixed and
the strength is reduced if one end is free to
rotate. Since manvy contractors use systems
which allow the bucket to rotate slightly,
the rope strength may be sufficiently reduced
to affect the safety factor.

Methods of rigging. Rigging of the hoist
system is especially important if mobile
cranes or gstiff leg derricks are used.
Rigging schemes should be evaluated to insure



that excesgssive rope wear does not occur. The
system must be capable of supporting the
planned lcad.

C. Distance from head sheave to nearest rope
attachment after overwind device is activated.
Many District Managers currently require 6
feet from the attachment to the head sheave
when the conveyance has stopped. This dis-
tance should be verified once the system is
in operation.

d. Emergency hoisting devices. The emergency
escape system should be evaluated to deter-
mine its suitability for use under a variety
of conditions. 1Is it available for immediate
use? Does it have the capacity to remove the
number of men normally employed in a shaft
within a reascnable time? Several contractors
use the work deck as an emergency escape
system. The platform hoists have a maximum
speed of approximately 20 feet per minute.
This system would require 50 minutes to bring
men up from a depth of 1000 feet. The system
must be evaluated to determine if this is
acceptable., The system must be able to reach
the maximum planned depth of the shaft.
Provisions must also be included to enable
men to reach the work deck from the bottom or
to be hoisted directly from the bottom.

Operational sequences for initial and subsequent
excavation. Many of these activities are routine.
Evaluation of their safety problems is best made
by watching field operations. Several points must
be considered.

a. Methods for initial excavation and shoring
overburden should be considered. Are men
required in the shaft? How is access pro-
vided? How deep will these methods be used
before headframe and other sinking equipment
are established?

b. Blasting procedures should be detailed and
comply with applicable regulations governing
explosives and blasting found in 30 CFR,
Section 57.6 (Metal and Nonmetal Mines) or
Subpart N, Section 77.1300 for coal mines.
Existing regulations applicable to coal
shafts require the use of permissible blas-
ting agents unless a permit is obtained from



the District Manager to allow use of nonpermis-
sible explosives. The plan should be closely
reviewed to insure a permit is requested if use
of nonpermissible blasting agents is planned.

Adeguate measures must be taken to protect

workers if a nonpermissible blasting device is
used. If the operator proposes to use a sepa-
rate blasting circuit the plan should include
provision for its proper installation and use.

Loading and transportation of broken rock. The
methods and equipment proposed to remove broken
material should be closely examined. A variety
of mucking machines may be used, and each system
has potentially dangerous features which must be
considered when inspecting the site. Handling

of muck at the surface should be considered.

Does the plan provide protection against material
accidentally falling back into the shaft?

Placement of linings, concrete forms and work
platforms. Among the items to be considered are
the methods of handling forms. Will the forms
be fixed to the platform or suspended by a
separate winch system? Is the suspension system
adequate for the size and weight of the forms?
If the forms are to be freed and transported by
the work deck, the platform hoists and ropes
must have the capacity to withstand the loads
imposed when forms are broken free. Will the
system require men to work on the platform while
forms are being broken? If so, such hoisting
would potentially endanger men and therefore
should be subject to the requirements of Sub-
part 0 of Section 77 or Sectiocn 57.19.

The type of lining should also be reviewed. If
a concrete lining is used, will accelerator
agents be added to the mix? Such additives are
a common source of chemical burns to shaft
miners. If other linings are proposed, will
they provide adequate protection during the
work? Does the plan provide for maintaining the
lining sufficiently near the bottom to provide
support? Will temporary wall support be re-
gquired or must the lining be kept closer to the
bottom during sinking? If rock bolts are to be
used they should be properly installed using a
calibrated torque wrench. The plan should
include a schedule for periodically testing rock
bolts and improving support as needed.



If the contractor proposed to sink the shaft
without lining (a bald shaft) consider the rock
types present and degree of fracturing. Will
the ground conditions permit sinking a bald
shaft? Does the operator have a satisfactory
method to scale the walls, and periodically
examine and rescale them as necessary? If a
temporary support system is proposed will it be
adequate?

e. The ventilation system should be evaluated.
Will the proposed fan and tubing system provide
sufficient air to the face? If the tubing is
kept close to the bottom how will it be pro-
tected from blast damage?

The shaft-sinking plan should be reviewed to verify
that the operator is in compliance with the appropriate regu-
lations and is providing for the safety of the workmen. MESA
should not be responsible for verification of design or estab-
lishment of specific practices unless the operator's proposed
methods would present an unusual hazard to the workers. The
burden of proving that the proposed methods are safe should
rest with the operator. MESA must allow operators to develop
more efficient methods provided they are adequately designed
and provide worker safety.

INSPECTION DURING INITIAL CONVENTIONAL EXCAVATION

Inspections during the initial stages of excavation
are particularly important. During this phase the operator is
using temporary hoisting systems and construction methods. The
work has not established a routine which will be followed while
sinking through rock to the final depth. Careful inspections
and a cooperative but firm attitude by the inspector will be
beneficial in leading the operator to establish safe work
practice for the rest of the project.

Among the items reguiring careful attention are:

A, Temporary hoisting systems. Mobile cranes commonly used
during initial excavation must be equipped with suitable
brakes and limit controls if used to hoist men. If men
are not hoisted with the c¢crane, a suitable fixed ladder or
other properly equipped hoist should be provided. If a
crane and clamshell are used for mucking, men should not
be permitted in the shaft while this equipment is being
used.



The excavation should be properly supported. Soil and
unconsolidated overburden require support. In areas where
ground water levels are high, extreme care should be taken
to insure adequate support of overburden until the collar
and lining are placed. Once rock is encountered, the
operator should be careful to establish the proper exca-
vation routine to be followed. Close compliance with the
shaft plan at this time will establish proper procedures
for the jcb.

The surface arrangement should be carefully inspected to
establish habits of good housekeeping, and proper equip-
ment maintenance and storage of materials.

HOISTING SYSTEMS

If the hoist system is properly installed and main-

tained, many serious safety problems are avoided. The in-
spector should examine the system in the same manner he would
that at a producing mine. The hoist should be mounted on a
suitable foundation and protected from the weather. The hoist
should be fitted with adequate brakes, deadman, and limit
controls as required by Subpart 0 of Section 77 or Section
57.19. The following items should be considered when hoisting
systems are being planned and inspected.

A,

Hoisthouses should be substantially constructed of fire-
resistant materials. They should be capable of with-
standing wind and snow loads. The hoisthouse must protect
the hoist, ropes, and associated equipment against weather
and dust. Maintenance and housekeeping are important.

The hoisthouse should not be used as a shop, change room,
or storage area.

Hoist machinery should be firmly anchored to reinforced
foundations capable of withstanding a force at least egual
to the capacity of the hoist, rope, and headgear. The
machinery should be anchored with bolts of a sufficient
size and capacity. The hoist frame should be sound and
free from damage.

Hoist bearings should be properly aligned and lubricated.

Pillow blocks should be firmly anchored. Bearings should

be closely inspected for wear, improper alignment, or lack
of lubricatiocn.

Gears are the only acceptable drive mechanisms for hoist
power trains; belts, ropes or chains are unacceptable.
Gears should be properly aligned and lubricated. Gear
teeth should mesh properly and should show no signs of
wear, chipping or missing teeth.



Hoist brakes should be capable of stopping and holding a
loaded conveyance from full speed at any point in the
shaft. Brake blocks should have adequate thickness,
uniform contact, be free from oil, and not charred. Brake
linings should be inspected. The operating linkage should
be inspected for cracked or worn parts.

Hoist clutches should be inspected for cracked, worn, or
defective parts. All parts should be secured preoperly.
Friction clutches should be inspected for signs of slip-
page or contamination by grease or other lubricants.

The hoist drum should be of a suitable diameter for the
size of rope in use. The rope should be securely fastened
to the drum by an approved method and there should be at
least three full turns of rope on the drum when the con-
veyance is in the lowest position in the shaft. The drum
should be inspected for cracks or other damage to the
shell, spokes, or flange. Flanges should be of a proper
size for the rope being used. If the drum is grooved, the
grooves must match the size of the rope.

Hoist controls should be properly installed for easy use
and should be easily accessible to the operator. The
controls should be inspected for cracked, broken or mis-
sing parts or connections. The operator's station should
be protected, reasonably comfortable, and free from extra-
neous materials which may interfere with the operation of
the controls. The conveyance position indicator should be
accurate and clearly visible to¢ the operator. The code of
gignals should be clearly posted. '

Overspeed, overwind, and automatic stop controls should be
properly installed, adjusted, and maintained. The devices
should be firmly fastened to the hoist in a location that
protects them from damage. Trained, experienced mechanics
should be assigned to inspect and maintain the devices.

Coal mine regulations specify that men may be hoisted at a
maximum speed of 500 feet per minute or 200 feet per
minute within 100 feet of any landing. The overspeed
control is commonly set to engage if the hoist grid ex-
ceeds 575 feet per minute or 115 percent of the maximum
man-hoisting speed. The maximum speed limits for man
hoisting in metal and nonmetal mines are the same as in
coal mines but the regulations are advisory only and may
be exceeded at the operator's discretion. In these cases,
a maximum speed is selected based on the hoist capacity
and shaft conditions and the controller is adjusted ac-
cordingly.
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The overwind device must be properly adjusted to bring the
conveyance to a complete stop with sufficient clearance
between the highest rope attachment and the main sheave.
In several coal mine Districts, policy states that 6 feet
of clearance is required. The conveyance should decel-
erate smoothly, generally at a rate of less than 6 feet
per second.

The hoist rope should be carefully inspected for signs of
corrosion, excess wear, broken wires, crimping, or flat-
tening. Fasteners should be inspected for proper instal-
lation and slippage. ANSI Standard M11.1-1960 should be
used as a guide.

After inspecting the hoisting system it may be desirable
to verify proper adjustment of the brakes and safety
devices by testing the egquipment in operation. Tests
should be conducted after all men have been withdrawn £from
the shaft. The conveyance should be operated through a
complete cycle allowing the overspeed control engage to
stop the conveyance. The overwind device should be tested
by slowly raising the conveyance intc the headframe until
the controller engages. The time and distance needed to
stop the conveyvance should be noted. The clearance be-
tween the main sheave and highest rope fastener should be
verified when the overwind device has engaged.

Regulations require that the operator assign a gqualified
person to conduct periodic hoist gystem inspections and to
record the results in logs kept for that purpose. Three
basic types of records should be kept - a hoistman's log,
maintenance log, and a rope log,.

The hoistman's 1log should record the date and shift,
results of tests of hoist operation, record incorrect
signals, and any unusual hoisting problems and the cor-
rective action taken. The log should also contain special
instruction to the hoistmen. The log should be read and
signed by each hoistman at the beginning of each shift.

The maintenance log should record the results of all tests
and maintenance performed on the entire hoisting system.
Tt should describe problems and the corrective actions
applied. The log should contain a detailed description of
the hoist specifications including horsepower, drum dia-
meter, drum width, hoist capacity, rope capacity, sheave
diameter, depth of shaft and inclination.

The rope log should record the manufacturer's name, rope
serial number, date of manufacture, type of construction,
diameter, weight per foot, graded steel, type of core,



type of lubricant and strength. 2All logs should be main-~
tained by qualified persons responsible for hoist oper-
ation or maintenance and should be countersigned by the
superintendent, assistant superintendent, foreman or
health and safety supervisor,

HEADFRAME AND COLLAR

The headframes on shaft projects are commonly tem—
porary structures which are transported and used repeatedly on
several projects. It is important that they be correctly
installed and maintained. The inspection should insure that
the foundation is adequate construction and shows no signs of
settlement or shifting. The headframe should be securely
bolted to the foundation, and assembled as specified in its
design drawings. All structural members should be in place and
securely fastened. Missing bolts, rivets, stiffeners should be
noted and corrected. Ladders and platforms should be adequate
and securely fastened. The head sheave should be the proper
size for the rope, properly mounted and lubricated. No un-
necessary tools or supplies should be stored on or in the
headframe.

The shaft collar should be securely guarded to pre-
vent materials or persons from falling into the shaft. The
collar should be surrounded with a substantial fence or cov-
ered., Shaft doors should operate smoothly and should he con-
structed to prevent materials or persons from entering the
shaft.

CONVEYANCES

The conveyance, attachments, and guides should be
inspected. Buckets should be deep enough to allow men to stand
with adequate clearance of the attachments or bridle chains,
and to prevent men from falling from the bucket. Self-dumping
buckets should have positive means of preventing dumping when
men are hoisted. Rope attachments should follow approved
methods and show no signs of slippage. Bridle chains are
required when hoisting men. The chains should attach securely
to the bucket and connect to the rope. Guides should be se-
curely fastened and have an adequate capacity. Crossheads or
other guides should be properly maintained and lubricated as
necessary. They should engage and disengage smoothly as needed.

PLATFORMS AND AUXILIARY HOISTING DEVICES

Conventional shaft-sinking methods commonly utilize a
variety of air winches and other small hoists in addition to
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the main hoist. These hoists are used to support and move the
work platform, handle lining forms, lower concrete remix cham-
bers or vent tubing, or to handle a variety of mucking machines.
With the exception of platform hoists, these machines are not
used to lift men and are therefore not subject to the more
stringent man-hoisting requirements. Even so, such equipment
must be properly selected, installed, and maintained to perform
its function safely.

Platform hoists and rope are commonly used to move
steel liner forms and serve as guides for crossheads and con-
veyvances, The hoists should be fitted with suitable brakes.

If the sinking procedures reguire men to be on the platform
when it is moved or if it is used for emergency escape, the
system should be in compliance with man-hoisting standards.

The hoists should have adequate brakes and be fitted with limit
controls. The rope should be selected to provide the required
factor of safety as specified for man hoisting. Sheave and
drum sizes should meet ANSI specifications.

The platform ropes and attachments should be care-
fully inspected. When a two-part line is employed, the in-
spection should include an examination of the rope for signs of
wear, broken wires, flattening, or corrosion as required. The
sheaves on the platform or platform bridle chains should be
examined. It has been reported that waste concrete may accu-
mulate on platform sheaves causing rope wear. The attachment
of the rope to the headframe should be examined for slippage.
Platforms should be substantially constructed. Guard rails are
regquired around the perimeter of each deck and around bucket
wells. Housekeeping is especially important. Waste materials
and supplies should not be stored on the platforms.

Additional hoists used for handling forms or other
materials should also be inspected. The hoist brakes should be
capable of stopping and holding the maximum planned load at any
point in the shaft. The hoist controls should be protected
against weather. The rope and attachments should be of suit-
able capacity for the planned loads. They should be inspected
for excessive wear, corrosion, or broken wires,

LINING AND SUPPORT

The method of lining or other support varies with
ground conditions and the ultimate purpose of the shaft. The
shaft plan specifies the methods of temporary and permanent
support to be used. The inspector should verify that the
proposed methods are being followed and are adequate. The
exposed rib should be carefully examined by a qualified person
and scaled as needed. Reexamination of all exposed ribs should
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be made according to a definite schedule and scaling pexformed
as needed. Special attention should be given to areas of poor
ground including highly fractured, wet and soft, or incompetent
strata. If rock bolts are used, they should be properly in-
stalled.

The bolts should be applied with the correct amount
of torque as specified by the manufacturer and should he re-
checked periocdically. A calibrated torgque wrench should be
used for this purpose. The shaft plan should include a sche-
dule for testing and replacing rock bolts as needed. The
inspector should verify that such testing is being done.

When gunite or shotcrete linings are to be used, the
inspector should insure that the egquipment used is properly
installed and maintained. Pressure lines should be secured
with safety chains. Workers should have available and use
respirators and other protective clothing as needed.

Placement of a full concrete lining is perhaps the
most common type of ground support used. Installation of the
lining includes several operations which are potentially ha-
zardous. Handling the forms entails the greatest potential
hazard. The forms may be lowered into position using the work
deck or by independent winches. In either case, it is es-
sential that the support hoists and ropes are adeguate and well
maintained. Breaking the forms free from the previously placed
section of lining places a large load on the hoisting system.
If men are on the work deck they are exposed to possible in-
jury. If the forms must be pulled free, it is recommended that
men be withdrawn to the surface.

Following placement of forms, the concrete must be
transported and placed commonly by bucket or slickline. The
bucket should close securely to prevent leakage of concrete.
Any waste material should be cleaned from the ocutside of the
bucket and dumping chute prior to hoisting.

Slicklines should be securely fastened to the shaft
wall or otherwise firmly anchored. All joints should be se-
curely connected to prevent separation during concrete place-
ment.

If the concrete mix includes additives to accelerate
setting, workers should be provided with protective clothing
and advised of potential hazards. Following concrete place-
ment, the work area should be cleaned to remove waste concrete,
especially any accumulation on platform ropes or sheaves.
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VENTILATION

The ventilation system for the shaft is outlined in
the shaft plan. The inspector should verify that the fan is
properly installed and maintained. The vent tubing should be
examined and maintained to prevent excessive leakage. Air
quality and quantity measurements should be made at the shaft
bottom and in other critical areas such as on work' decks. A
commonly reported problem was insufficient ventilation around
work decks; if the ventilation tubing ends above the platform,
insure that ventilation is achieved on the bottom.

DRILLING AND MUCKING MACHINES

Nearly all machinery used in shafts is air powered.
Although some hydraulic backhoes are used in shafts and rubber-
tired diesel tractors are used in slopes, the majority of
drills and mucking machines are operated by compressed air. An
inspection of a shaft site should include a detailed examin-
ation of the compressed air service system including compres-—
sor, surge tank and lines. The system should provide air at a
sufficient pressure to safely operate the necessary machinery.
The surge tank and lines should be sound and capable of oper-
ating at the required pressures.

Drilling equipment should be secured to a conveyance
when lowered intco the shaft. The conveyvance may be a shaft
drill jumbo or a supply conveyance which contains air dis-
tribution lines to individual sinker drills. In either case,
the conveyance should be firmly secured to the hoist rope and
should not be used to transport men.

Individual drills should be inspected for broken or
missing parts, and carefully maintained and lubricated.
Particular care should be paid to attachment points of air
hoses and drill steel. Connections should be positive and free
from broken or chipped surfaces. Safety chains should be used
to secure air hoses.

A variety of mucking machines are in use in shaft
sinking and each type presents certain safety hazards. The
following descriptions outline the critical features of the
most common types of mucking machines.

Eimco 630 - Critical safety considerations are main-
tenance of the tracks, drive mechanisms, and rocker arms and
controls. These assemblies should be cleaned and inspected

between mucking cycles. Workers should not be permitted to
remove the track control centering springs or to wedge the main
air supply valve. RAll linkages should be inspected for worn or



broken parts. The operator's platform should be in good repair
and firmly fastened to the machine. The 2-inch diameter bull
hose should be secured to the machine with a safety chain and
should be tended when the machine is in operation. The Eimco
630 may be fitted with a combination of buckets and rocker arms
to allow use in shafts as small as 14 feet in diameter. The
inspector should verify that the machine is properly assembled
for the shaft being sunk. Operating procedures should be
observed and hazardous practices prohibited. Among the latter
are:

1. operators should not attempt to level the muck
pile when the mucker is suspended from the hoist
rope;

2. the machine should not be operated with the
operator positioned between the mucker and shaft
wall or bucket;

3. the bucket should not be used to straighten
forms or as an elevated platform;

4, the mucker should not handle excessively large
rocks; and

5. the track centering spring should not be re-
moved and the main air wvalve should not be
wedged open.

Cryderman — This machine may be more than 40 feet
long and may be suspended vertically in a shaft or in slopes as
flat as 20 degrees. The Cryderman requires two suspension
systems, one system to raise or lower the machine in the shaft
and a second system to provide lateral stability. The inspec-
tor should insure that the capacity of the primary suspension
system is adequate for the load and vibrations imposed by the
machine, If suspended from a surface-mounted hoist, the entire
hoist, rope, and headgear system should be carefully inspected.
If the machine is suspended from a platform it is vitally
important that the platform, hoists and ropes be designed and
maintained to withstand the unbalanced load and vibrations.

The Cryderman unit itself should be inspected for damage after
each blast. All air supply hoses should be fastened with
safety chains, all linkages should be inspected for worn,
broken or missing parts and lubricated as required. The oper-
ator's cabin should be easily accessible and free from damage.
When the machine is hoisted in the shaft, the bucket should be
locked and safety slings secured.

Operating procedures are extremely important. The
Cryderman should be operated only by a trained, experienced



A-18

related equipment and should span beyond the planned diameter
of the shaft. Preparation for drilling should include develop-
ment in the mine at the bottom of the proposed shaft. Tem-
porary roof support should be added in the shaft area. Adjust-
ments to the mine's ventilation system may be needed and should
be checked.

Once the pilot hole has been drilled, the cutter head
is assembled and raise boring can begin. Ventilation of the
shaft between the bit and the muck pile is particularly im-
portant and presents problems. The operator's plan should
include a detailed scheme for providing ventilation and peri-
odic monitoring of the methane content in the shaft. The
inspector should insure that the operator complies with his
plan. Work should be halted if methane content approaches
dangerous concentrations and should not be resumed until the
ventilation system has cleared the shaft. At the present time
several methods are being developed for ventilating shafts and
monitoring methane content. Technical support personnel should
be consulted to determine the most effective means.

During the boring operation, cuttings fall to the
level of the mine and must be removed. It is important that
men not be permitted to work below the cutter when mucking.
When cutters require replacement or servicing, the head is
lowered to the mine level. Temporary overhead protection
should be provided for the men working on the equipment.

Extreme care is necessary when the cutter head rea-
ches the surface or other upper level. Men must not approach
the bottom of the shaft at this time. Steps should be taken to
secure the boring machine and surface facilities to guard
against a possible collapse of material into the shaft.

Once the shaft has penetrated the surface, steps
should be taken to insure that the new shaft will not adversely
affect the mine's ventilation system.

If the shaft is to be lined it will be necesgsary to
place men and equipment in the shaft. The hoist system, plat-
form, lining forms, ventilation and other equipment must con-
form to all requirements stated earlier. The ribs of the bored
shaft are smoother and commonly more stable than those of an
excavated shaft but an examination is still necessary and
temporary local support may be required.

BLIND DRILLING

Sinking shafts by blind drilling is not as common as
railse drilling or conventional methods. As this method is



developed further and its use increases, safety problems will
be identified. At the present time, safety regulations do not
address blind drilling operations. The inspector should con-
sult with MESA technical support personnel for advise when
evaluating a shaft plan for a blind drilled project or when
inspecting such work. Operators should provide details and
specifications of equipment to be used.

Drilling equipment should be secured to substantial
foundations. The drilling machine should be inspected for
broken or damaged structural members. Since men do not usually
enter the shaft, most problems arise from handling materials.
Hoisting equipment should be securely mounted and have a capa-
city sufficient to 1lift the designed loads. Ropes should be
securely fastened to drums and should be inspected for cor-
rosion, broken wires, flattening or other damage. The shaft
collar should be adegquately guarded to prevent persons from
accidentally falling into the shaft. Pumps and drilling fluid
circulation lines should be strong encugh for the pressures to
be used.

If men are reguired to enter a shaft to construct a
lining or to operate a downhole machine, standards for venti-
lation and man hoisting should be applied as in conventional
excavation.
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INSPECTION GUIDE -~ QUTLINE AND CHECKLIST

SHAFT PLAN

A.

Shaft plan is required for coal mine projects.
Similar information is desirable for metal and non-
metallic mine projects.

Name and location of the mine, and MESA mine iden-
tification number.

Name and address of operator and/or contractor per-
forming work.

Description of methods and equipment to be used.

1. Surface map of shaft area showing:
a. geographic location;
b. surface drainage and impoundments;
c. location of known underground workings or

facilities within 500 feet of shaft or
slope: and

d. locations of speil areas and haul roads.
2. Specifications and drawings of hoisting system

including:

a. size and capacity of hoist, headframe, and

sheaves;

b. type, capacity and safety factor of ropes;

C. methed of rigging;

d. type and adjustment of overspeed and over-

wind devices;

e. clearance between main sheave and highest
rope fastener when overwind device stops
hoist; and

f. type and capacity of emergency hoisting
devices.
3. Operational sequence for initial and subsequent

excavation including:



a. methods for initial excavation and support
for overburden;

b. equipment for initial access by persons;
C. blasting procedures and agents;

d. types of mucking equipment and handling;

e. placement of lining;
f. use of work decks or platforms; and
g. ventilation system.

II. INSPECTION DURING INITIAL CONVENTIONAL EXCAVATION

A. Check temporary hoisting system including:
1. proper rigging of crane or other device:
2. overspeed and overwind devices if used for man

hoisting; and

3. suitability of ladders for personnel access.
B. Excavation method:
1. crane and clamshell - men not in shaft while

mucking; and

2. mucking machine and bucket.
C. And, if shoring is required:
1. support for overburden;
2. temporary support for rock; and
3. length of exposed rib prior to placement of

lining and collar.

IIT. HOISTING SYSTEMS
A. Hoisthouse:
1. substantially constructed;

2. fire-resistant materials; and
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3. good housekeeping - hoisthouse free of unnessary
materials.

Hoist securely mounted on substantial foundation.
Hoist bearings properly aligned and lubricated.
Heolst power train:

1. gears only - no belts, rope, or chains; and

2. gears properly aligned, lubrlcated no chipping
or missing teeth.

Brakes:
1. adequate to stop and hold loaded conveyance:

2. brake blocks with proper thickness and uniform
contact;

3. linings free from o0il, grease, charring;

4., hydraulic fluid at proper levels; and

5. linkage free from cracks, worn or missing parts.

Clutches:

1. all parts securely fastened;

2. 1igkage free of cracked, worn or missing parts;
an

3. friction clutches free from cil or grease - no
sign of slippage.

Drum

1. diameter suitable for rope used;

2. rope securely fastened by approved method;

3. at least three full turns on drum at all times;
4. drum free from cracks or damage to shell, spokes,

or flanges;

5. flanges proper height for rope used;



6. flanges securely fastened; and
7. drum grooves of proper size for rope.
Hoist controls:

1. properly installed and easily accessible;

2. controls and linkage free of broken or missing
parts;

3. operator's station free of extraneous materials;
and

4, conveyance position indicator clearly visible.

Controller:

1. controllers securely mounted in location to

protect from damage;

2. overspeed device properly adjusted to maximum
permitted man-hoisting speed; and

3. overwind device adjusted to halt conveyance with
sufficient clearance between main sheave and
highest rope fastener.

Rope - inspect for signs of damage, corrosion or
wear. Wire rope shall be removed when inspection
shows:

1. six randomly distributed broken wires in one
rope lay or three broken wires in one strand in
one rope lay. Snagged, nicked or severely bent
wires shall be counted as broken wires; or

2. abrasion, scrubbing or peening causing loss of
more than 1/3 the original diameter of the
outside individual wires; or

3. evidence of rope deterioration from corrosion;

4. kinking, crushing, or other damage that results
in distortion of the rope structure; or

5. reduction in ncominal rope diameter determined as
follows:
a. 1/64 inch for rope diameters up to and

including 5/16 inch;
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ropes securely anchored to headframe or shaft
collar on the dead end.

Platforms:

substantially constructed with guard rails and
toe boards;

good housekeeping is essential; and

sheaves must be proper size for rope used.

VII. SHAFT LINING AND SUPPORT

A.

B.

Shaft walls inspected by qualified person and scaled
as needed.

Rock bolts:

1. expanded shell or resin-grouted type;

2. proper size bearing plate;

3. correct amount of torque as per manufacturer;
and

4. calibrated torque wrench used for installation

and periodic rechecks.

Wire mesh secured firmly against wall to prevent
damage.

Shotcrete or gunite:

1.

2.

3.

shotcrete/gunite machines properly maintained,
and safety chains on pressure hoses;

shotcrete/gunite applied to full design thick-
ness; and

protective clothing for workers.

Concrete lining:

1.

adequate hoists and ropes for handling forms;

concrete bucket well maintained, and dump doors
close firmly;

slickline securely anchored and assembled;



thorough cleanup of waste concrete;
workers protected from alkali burns; and

workers withdrawn from shaft when breaking forms
with platform.

Ventilation system:

reversible fan offset at least 15 feet from
collar;

fan and tubing of fireproof construction;
tubing securely fastened to wall;

metal tubing grounded against static electri-
city:;

tubing in good condition, and no leakage; and

air quality and quantity meets standards.

VIIT,.DRILLING AND MUCKING EQUIPMENT

A.

Compressed air service system:

1. compressor, surge tank and lines properly in-
stalled; and

2. all hoses secured with safety chains.

Drills:

1. drills inspected and maintained;

2. operating pressure within limits set by manu-
facturer;

3. jumbos securely positioned before drilling;

4, men not permitted to ride jumbos; and

5. men instructed in proper use of sinkers, close

supervision.

Mucking Machines

1.

Eimce 630:

a. clean and service tracks, linkage and
rocker arms between mucking cycles;
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PERSONNEL

A.

Certification required or advised for:
1. supervisors;

2, hoist operators; and

3. examiners.,

Inexperienced miners should receive instruction in
procedures and close supervision.

Individual safety equipment:

1. hard hat;

2. steel toe safety shoes;

3. self-rescuer;

4, rubber boots, rainsuit as needed;

5. eye protection; and

6. safety belts and lines to prevent falls.

Work practices:

1. good housekeeping maintained;
2. explosives and flammable materials stored pro-
perly;

3. miners on bottom alert to hazards of moving
machines and buckets;

4, miners use individual safety equipment provided;
and

5. miners do not ride buckets with tools or mate-
rials,

RAISE DRILLED SHAFTS

A.

B.

C.

Drilling machine firmly mounted.

All hydraulic and electrical lines and connections
properly maintained.

Area at bottom of proposed shaft adequately supported.
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Ventilation:

1.

mine ventilation system adjusted to handle dust
from drilling;

2. ventilation into shaft to remove methane and
dust; and

3. air guality in shaft monitored for excess me-
thane.

Mucking:

1. loader operators work only under supported roof;

2. no one enters area below bit; and

3, positive overhead protection provided if repairs

performed on bit.

Completion of drilling:

1. drill secured when bit reaches surface;

2. miners not permitted near shaft bottom;

3. shaft collar area guarded; and

4. change in mine's ventilation system is antici-
pated and controliled.

Lining:

1. hoisting system to meet man-hoist requirements
if men enter the shaft; and

2. ventilation of shaft regquired.

BLIND DRILLED SHAFTS

A.

Blind drilling is less commonly used than conven-
tional or raise drilled methods and many detailed
safety problems have not been identified.

Drilling machines should be firmly anchored.

Hoisting systems should be adequate for applied
loads:

1.

power connections should meet applicable elec-
trical codes;
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hoists securely mounted;

system inspected for cracked, broken or missing
parts;

rope inspected for corrosion, excess wear, and
flattening;

sheave and drum sizes suitable for rope used;
and

hydraulic lines and connections inspected for
damage.

Shaft collar guarded.

Personnel:

1. workers have individual protective equipment;

2. supervisors are qualified and closely supervise
workers; and

3. workers should be instructed in hazards asso-
ciated with handling materials.

Lining:

1. hoisting system should meet man-hoisting stan-
dards if men are required to enter the shaft;

2. ventilation system should be established; and

3. all requirements for lining used in conventional

methods should apply if men are required to work
in the shaft.
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APPENDIX B

INVENTORY OF RECENT SHAFT PROJECTS

In an attempt to examine the extent of the shaft-
sinking industry, an inventory of shaft-sinking projects com-
pleted since 1965 has been compiled. Shafts sunk during this
period would reflect the most current state-of-the-art in
shaft-sinking technology. The egquipment, methods, and accident
histories of these projects would provide the most useful base
for recommendations to improve safety.

The inventory is subdivided into three major sections,
United States coal shafts, United States metal and nonmetallic
mine shafts, and foreign shafts.

Every effort was made to cbtain accurate, complete
information on each shaft; however, it is recognized that
certain inconsistencies exist. The data on the shafts were
obtained from a variety of sources including mine operators,
contractors, federal and state agencies in the United States
and other nations, and from published articles in a variety of
industry publications. Some information was contradictory or
incomplete. It is possible that certain shafts may have been
reported by different names in different sources. Some shafts
may have been omitted. Details of owners, depth, or cross-
sectional dimensions may have been generalized. Attempts were
made to identify and correct such discrepancies. It is likely,
therefore, that some errors exist. It is hoped these are
minor.

Preceding page blank |
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PART 16.—SHAFT SINKING.

16.1. Regulation 16.1 to regulation 16.18, inclusive, apply to all shaft
sinking operations.

16.2. The provisions contained in this Part of these regulations apply to
shaft sinking operations in addition to, and not in substitution for, the
provisions of Part 15, but where there is ahy inconsistency in the require-
ments of those provisions the regulations contained in this Part shall

prevail,

16.3. For the purposes of this Part, “factor of safety"” used in relation
to any rope or attachment means the ratio of the breaking force or strength
of that rope or attachment to the maximum total static force on it includ-
ing the component of its own weight.

16.4. (1) Prior to sinking any new shaft or extending any existing shaft,
the owner, agent or Manager shall notify the Senior Inspector in writing
of his intention so to do and shall submit plans and specifications show-
ing—

(a) the location of the shaft:

Application.

Part 15
provisions,
inconsist-
€ncy.

Inter-
pretation.

New shaft
sinking
operations.
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{b) the general layout of the sinking project;

(c) details of the sinking and hoisting equipment and the convey-
ances, rope type and size and attachments to be used; and

(d) the ventilation arrangements,

(2) The Benior Inspector may request further details relevant to the
proposed operation and any such further information shall be forwarded
by the cwmer, agent or Manager within one month of that request.

Approval 16.5. The owner, agen’ or Manager shall not cause or permit any shaft
gg‘;};‘?nce_ sinking operation to be commenced unless the Senior Inspector has given
ment. his approval in writing,

Use of " 16.8. (1) Subject to subregulation (3) and to the written approval of
crant, the Senior Inspector a crane may he used to hoist the broken rock from

the initial surface excavation and from the shaft, to 2 maximum depth
of 50 metres.

(2) The Senior Inspector may impocse conditions under which a crane
may be operated, and may at any time withdraw his approval if in his
opinion the use of a erane could create a danger.

€3) A crane shall not be used when the shaft perimeter has been tra-
versed by dividers or any other structure which could be an obstruction to
the free passage of the shaft conveyance.

(4) The load lifted by a crane in shaft sinking operations shall not
exceed 50% of the norma! safe working load as provided in Australian
Standard CB2, Crane and Hoist Code,

(5) The ¢rane shall be of a slewing type and shall be located in a fixed
position during the hoisting and dumping operations,

(6) The crane driver and the crane are each required to be certificated
under and are subject to the requirements of the Inspection of Machinery
Act, 1921, or an Act repealing or replacing that Act.

(7) Where a crane is used, an effective method of signalling approved
by the Inspector shall be instalied to communicate with the driver.

(8) A person may nct be ralsed or lowered from a shaft excavation
by means of a erane unless— ’

(a) he travels in & kibble or similar conveyance;

(p) he wears a safety belt attached to the rope or conveyance if more
than one-third of his body is outside the conveyance; and

(¢) he is within sight of & person stationed in a place to communicate
with the crane driver.

(9) A person shall not remain in the shaft excavation while the crane
is used to hoist broken rock by means of a grab.

Ajterpative 16.7. (1) During shaft sinking operations, unless there is an alternative
;!;:3:15 of winding plant available for the raising or lowering of men in an emer-
* gency in the event of power failure or winding plant failure, a substan-
tial ladderway securely supporied at intervals of not more than 5 metres
shall be installed from the surface to the bottom of the shaft but the
lower end of thal ladderway may be constituted by a chaln ladder.
(2) Where a sinking stage Is used provision shall be made by means of a
chain ladder or otherwise to permit travel from the shaft bottom to that

stage.
Factore of 16.8. The minimum factors of safety to be used in shaft sinking opera-
satety. tions shall be—

(a) for ropes hoisting men and materials or roeck 7.5—0.001L where
L eguals the depth of wind in metres;

(b) for ropes raising and lowering a sinking stage—6;

{c) f«}r chains used for the suspension of a kibble, a combined factor
of 20;

(d) for all components of attachments—10,
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16.9. The provisions of Part 15 relating to the history, Inspection, majin- Ropes,
tenance and discarding of winding ropes and attachments shall apply to ;‘;ﬂ’:’;ﬁ;’f
winding ropes used in shaft sinking operations, but for the winding YOPeS tepance.
used to support a shaft sinking stage the following inspection and main-
tenance procedures shall apply—

(’}) at least monthly the structure of every rope shall be examined
for—
(i) the Incidence of broken wires;
(ii) any obvious increase in the lay length;
(iii} any obvious corrosion; and
(iv) any other unsafe condition,
(b) at least monthly each repe shall be lubricated with a sultable
lubricating compound; '
(¢) when a physical Inspection of the rope shows that 1t appears to
be unsafe for the se to which it is subjected it shall be discarded;
ang

(d) the period of service 0of any Such rope shall not exceed two years.\

16.10. When the depth of a shaft exceeds 50 metres— Monkeys,
(a) a kibble and monkey or crosshead arrangement; or crossheads
(b some other conveyance, :ggv"e‘y‘;‘gces_
each of g design approved by the Senlor Inspector and provided with an
overhead cover for the protection of men when travelling, shall be used
for haulage purposes in the shaft,

16.11. (1) A kibble used in shaft sinking operations shall be of robust gy h1essna
construction and of a shape which wiil prevent it from catching on any attachments.
obstruction during its travel in the shaft.

(2} The kibble may be suspended by a bridle, or by means of at least
three chains equally spaced around the perimeter of the kibble top.

(3) Chains used for the suspension of the kibble shall be of identical
dimensions and strength and shall be of sufficient length to ensure that the
Included angle at the apex of the suspension of any two chains is not
greater than 60 degrees.

16.12. A kibble or skip used in shaft sinking shall not be over filled Overfiiling

with loose rock above its brim. of kibbles
or skips.

16.13. Unless otherwise authorised in writing by the Senior Inspector,
firing in shaft sinking eperations shall be by mesans of electricity initiated
from the surface or some ¢ther safe location.

Firing.

16.14. (1) When a shaft is to be sunk below any level which is being
worked it shall be protected below that level by a securely constructed
pentice to the satisfaction of the Inspector.

(2) The plans of any proposed pentice shall be submitted for approval
to the Senior Inspector who shall arrange for it to be inspected during
its construction.

Pentlces.

16.15. Where timber Is used fo line a shaft, bearer sets or other means Timber,
of support shall be provided between working levels or ai distances of Desrersels.
not more than 60 metres apart.

16.16. (1) During shaft sinking operations adeguate provision shali be Frotection.
made and maintained to prevent spillage from falling down the shaft
during dumping aperations.

(2) A door or doors for covering the sihking compartment shall be

provided and maintained at the collar of every shaft while sinking
opcrations are in progress .
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(3) Unless suitable alternative protection ig provided to prevent spillage
from falling down the sheft, the doors shall be kept closed st all times
when men, tools or material are being loaded into or unloaded from the
Iéibble or skip at the collar of the shaft, or when the kibble or skip is being

umped.

Warning of 16.17. Any doors or other shaft protective devices which, when moved

obatructlon. intn the haulage way or trave! area of & shaft, would Interfere with the
free passage of the conveyance shall be so equipped that their position
is positively indicated to the winder driver.

Signals. 16.18. With the approval in writing of the Senior Inspector, slgnals in
addition to those specifled In Part 15 may be used in a shaft sinking
operation.
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Act No. 27 of 1956 92 Regulations
MINES AND WORKS 15.10.3—16.1

15.10.3 every such workshop shall be under the charge of a competent scheduled person who
shall be appointed in writing by the manager and who shall have successfully completed a
course on gases and gas-testing sinilar to that provided in regulation 28.40.7.3;

15.10.4 the person appointed to be in chargc shal] ensure that—
(@) the workshop is kept clean at all times, and
(5) fqny equipment to be welded, flame-cut or #ame-heated is properly cleaned and free
rom oil;

15.10.5 if for any reason the person appointed to be in charge is required to leave the work-
shop, he shall first satisfy himself that all gas or electrical welding, cutting, grinding,
vulcanising, soldering or similar equipment is rendered inoperative and is securely locked in
a box or compartment of robust construction in the wotkshop and of which he has the key:

15.10.6 in each such workshop an effective alarin systemn shall be installed and maintained in
working order to give aua alarm in the workshop whenever the main fan, which serves the
workings in which the workshop is situate, ceases to operate. When such alarm is received
the use of all equipment for the purposes contemplated in terms of regulation 15.10.1 shall
cease forthwith;

15.10.7 each electric power-feed circuit into any such worksliop shall be contrelled by a cireuit
breaker situated not more than 100 retres outbye of the workshop in an intake airway and
every such circuit breaker shali incorporate effective “no-volt”, “overload” and “‘carth leakage”
trips;

15.10.8 2 hose of sufficicnt length to reach from an adeguate water supply to all points in the
workshop shall be kept connected and ready for immediate vse;

15.10.9 {for the intentional creation of an arc or spark for the lighting of welding or cutting
torches in a worksltop approved of in terms of regulation 15.10.1, only lighters of the friction
type may be taken into the workings for use in the workshop. Fach such lighter shall bear a
distinctive mark or number and shall te issued under signaturc of the manazer to the competent
scheduled person referred to in regulation 15.10.3, Such lighters shall not be taken to or from
the workshop except personally by such competent scheduled person.

Right of search,
15.11 At every fiery mine—

15.11.1 the manager shall appoint a banksman or some other perSon or persons to be present
at each entrance to the workings of the mine at all times and such banksinan or other person
or persons shall ask every person about to enter the workings of the mine whether he is in
pussession of any of the articles prohibited in tarms of regulation 15.8.5, 15.9.1 or 15.10.1,
and the banksman or gther person or persons so appointed shall have the right to search any
person about to enter the workings of the mine for such articles: Provided that a non-scheduied
person shall not have theright to search a scheduled person. Any person, when asked or searched
In terms of this regulation, shali immediately produce and hand over any of the prohibited
articles which may be in his possession;

15.11.2 a mine overseer or an official of equal or higher rank shall have the right to search
any person in the workings of the mine for articles prohibited in terms of regulation 15.8.5,
15.9.1 or 15.10.1 if he suspects that such persen has any such articles in his possession, and
10 plu'son shall hinder or obstruct such minc overseer or other official in his search for such
articles

CHAPTER 16.
WINDING.

THE CONVEYANCE OF PERSONS IN SHATFTS AND WINZES,

No conveyance of persons without permission,

16.1 No person shall ride or cause or permit any other person to ride in a convevance operatcd
by a \'.mdmg, engine except in terms of permission granted under regulation 16.2 or as is pro-
vided for in regulation 16.94,

MW 1/1975—3



At No. 27 0l 1956 93 Regulations
MINES AND WORKS 16.2.1—16.6.2

Winding plant to have permit,

16.2.1 Bxcept as provided for in regulation 16.94, the manager of a mine or works shall rot use
a winding plant nor permit a winding plaat to be used unless he is in possesion of a permit
issued by the Inspector of Machinery.

Application for use,

16.2.2 Every application for the use of a winding plant shall be made to the Inspector of Mines
on the form obtainable from him.

Inspector to issue permit

16.2.3 The Inspector of Machinery may grant a permit to use such winding plant, subject to
conditions as he may specify,

Test by Inspector,

16.2.4 The Inspector of Machinery shall not issue a permit to use a winding plant until he has
satisfied himself by actual test, to the extent practicable, that the requirements of regulations
16.5 to 16,15 inclusive, regulations 16.25 to 16,40 inclusive and regulations 16.57 to 16.01
inclusive, as far as they are applicable, are complied with.

Where permit to be kept.

16.2.5 The permit shall be kept at the mine office and a legible copy thetreof shall be displayed
in a suitable glazed frame in the engine room.

Cancellation of permit,

16.2.6 The Inspector of Machinery may antend, suspend or cancel the permit if such action
is deemed necessary by him.

Perigdic tests,

16.3 The Inspector of Machinery may carry out specific or periodic tests or inspections
of any winding plant,

DESIGN OF WINDING ENGINE.

Mass of person.

16,4 In calculating the fotal mass of persons for the purpose of regulation 16.6 and regula-
tions 16.30 to 16.40 inclusive, 70 kilograms shall be allowed for each person.

16.5 The winding engine shall be such that—

Starting and stopping.

16.5.1 when running at various speeds with light or heavy loads it can be readily slowed
ang stopped and after being stopped it can be restarted immediately in either direction,
an

Lifting power of engine. .

16.5.2 it can lift from the bottem to the top of the shaft or winze the maxioiim unbalanced
load on one drum. This provision shall not apply where other means exist enubling persons
employed below to reach the top of the shaft or winze,

Brakes and holding poswer.
16.6.1 Each winding drum or winding sheave shall be provided with an adequate brake or
brakes which shall be kept in proper working order,

16.6.2 For drum type of winding engincs where the rope is securely aftached to the winding
drum the brake or brakes, without the assistance of any counterbalancing effect of any lead
supported by the other drum, shall be capable of holding without slipping a load on the rope
at the drum equivalent to the combined pass of—

(@) the convevance and its attachments, ]

(5) the maximum permitted mass of mineral, or double the maximum permitted mass
of persons, or the maximum permitied mass of material together with dot:ble the
maximum permltteq mass of persons when both material and persens are conveyed
simultaneously, whichever is the greatest, and

(¢) the mass of repe between the sheave and the conveyance, when the conveyance

is at a point in the shaft which produces the maximum static torgue on the brakes.
AW 1/1975—3



Act No. 27 of 1956 94 Regulations
MINES AND WORXKS 16.6.3—16.8

116.6.3 For a friction drive or sheave type winding engine where the rope or vepes are not secyrely
attached 1o the wivding drvim or winding sheave, the brake or brakes shall be capable of holding
without slipping the maximum static out-of-balance load which occnrs when ove of the con-
veyauces, or wiere a cownterpoise iy used the conveyance—
&) s loaded with the permitted mass of mineral; or
(b} s laded with double the permitted number of persons; or
(¢) s loaded with double the permitted mass of museriol together with donble the mass of
the permitted nuniber of persons when both material and persons are conveyed simul-
taneously; or .
(d) is remaved from its bridle.

Flanges or horns.

16.6.4 Every winding drum shall have flanges or hotns, and if conical or spiral, such other
appliances to prevent the rope from slipping off or ceiling unevenly,

Minimum turns of roge ont drim.

16.6.5 Except for friction drive or sheave type of winding engincs, there shall not be less than
3 turns of rope upon the drum when the cage, skip or other means of conveyance is at the
lowest point in the shaft or winze from which howsting is effected and the ¢nd of the rope
where applicable shall be fastened securely round the arm or the shaft of the drum.

Slip where friction drive,

16.6.6 For friction drive or sheave type of winding engines where no part of the rope is se-
curely attached to the winding drum or sheave, there shall be no dangerous slipping of the
rope on sueh drum or sheave under any possible working conditions,

Opzrating levers.,
16.6.7 Every winding drum at the driver's right hand side shall have overiay rope; where
only one drum is used it shall have overlay rope.

16.6.8 The reversing lever of every steain or air operated winding engine and the control lever
of every clectrically operated winding engine shal! follow the overlay rope in the direction
of movement.

16.6.9 Where a hand-operated brake lever is provided on any winding engine it shall be pulied
towards the driver to apply the brakes,

16.6.10 The relief and throttle valve levers of every steam or air operated winding engine
shall be in a ceniral position.

Locking devices.

16.6.11 The operating mechanism of the clutch of every winding drum shall be provided
with a locking arrangement which shall be used to prevent inadvertent withdrawal of the
clutch. If the clutch is not clearly visible from the driver’s operating position, means shall te
provided to indicate to the driver at all times Lhe extent to which the clutch is engaged or
disengaged. :

16.6.12 Tt shall be impossible to unclutch any winding drum unless the brake or brakes
of such drum are fully apptied and it shall be impossible to release the brake or brakes of
such drum until the ciuteh is fully engaged and securely Tocked.

16.6.13 All bolts and other fittings of winding drums, brakes and clutches shall be rendered
secure by mieans of suitable locking devices.

Depth indicator,

16.7 In addition to any marks on the rope, every winding engine shall be provided with reliable
depth indicators conveniently situated, which will at all times show clearly and accurately
to the winding engine driver at his operating position the position of the cage, skip or other
means of conveyance and where a reduction in winding speed is necessary. The pointer of
the diai indicator on the driver’s right hand side shall move in a clockwise direction when
lowering, and the pointer of a post and spiral indicator shall move up or down as the convey-
ance moves up or down. On every winding engine where the rope is driven by friction, every
single-drum winding engine and cvery winding engine having 2 drums permanently fixed
on one shaft, anly one indicator need to be provided. :

Warning device.

16.8 Where the length of wind below the uppermost Janding place for rersens exceeds 100
metres, adequate provision shall be made whereby the winding-engine driver is warned of the
acrival of the ascending cage, skip or other means of conveyance at a point in the shaft, the
distance of which from the uppermost landing place for persons is not less than the equivatent
of 3 revolutions of the drum or sheave of the winding engine.

1. Substituted by G.N. No. R, 210t dd. 15.11.1974.
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Overwinding prevention device,

16.9 Every winding enginec shall be fitted with at least one effective automatic overwinding
prevention device,

Speed indicator and tachograph.

16.10 Any winding engine with 2 permitted speed of over five metres per second shall be tined
with a speed indicator and a tachograph, which shall be used and maintained in efficient
working order, The speed indicator shall be 56 situated that the winding speed can be casily
read at ali tines by the winding-engine driver from his operating position.

CONSTRUCTION OF WINDING PLANT CONVEYANCES.

Cages.

16.11 Every cage used for the regular conveyance of persons shall be of substantial constrie-
tign and shall be provided with a proper roof or cover and doors. The cage shall be encluszd
in such a manner as-to prevent any portion of the body of any person therein from acciden-
tally coming into contact with the timbering or oiher equipment in the shaft or winze or the
sides of the shaft or winze, The doors shall be securely attached to the cage and so arranged
that they canuot be opened outwards or uccidentally, Provision shall be made for adequate
ventilation through the cage.

Other conveyances.

16,12 Every skip or kibble, used for the regular conveyance of persons in a vertical or steeply
inclined shaft or winze shall be provided with a substantial roof or cover that will safeguard
the occupants,

Roaf or cover.

16.13 E_ver)_' conveyance used for examining, repairing or doing other work in a vertical or
steeply inclined shaft or winze sha!l be provided with a substantial roof or cover and shall
be sufficiently enclosed to protect any person from accidentally falling out.

Examination platform,

16.14 Where the roof or cover of a cape or skip is used as a platform for persons enpaged
in examining, repairing or doing other work in a vertical or steeply inciined shafl or winze,
the persons so engaged shall be protected by a hood or cover immedialely above them. Such
hood or cover shall be removed as soon as this work is completed,

Trailers,

16,15 No trailer or trolley shall be attached to a conveyance operated by 2 winding enyine
in a shaft or winze where persons are regularly conveyed unless permission in writing has
been obtained from the Inspector of Machinery who may impose conditions for its use.

CONNECTION TO WINDING PLANT CONVEYANCES.

Adequate strength.

16.16 No rope, bar, link, chain or othcr conneetion shall be used for winding purposes unless
it is of good quality and manufacture, free from any patent defect and of adequate calculated
strength.

Accidental disconncction.

16.17 The connection between—

() any winding rope and the eage, skip, bucket, kibble, other means of conveyance or
counterpoise,

{b) any balance rope or tail rope and the conveyance of counterpoise, and
{¢) any connecting rope and the conveyance and any troley, trailer or other attached
conveyance,
shall be such that no accidental disconnection can take place.
MW 1/1975—3
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Annealing.
16,18 At intervals of not more than 6§ maonths the connections between—

(«) any winding rope and the conveyance or counterpoise,

{&) the convevance and any trolley, trailer or other attached conveyance, and

(¢} any balance rope or tail rope and the conveyance or ceunterpoise,
shall be annecaled or given other proper heat treatment or shall be discarded and replaced.
With connections of a class of steel approved by the Government Mining Engineer, the interval
{Eor i'wa,t treatment may be extended with the written permission of the Government Mining

ngineer.

Record of heat treatment,

16.19 A proper record shall-be kept of the heat treatment and working life of the connections
referred to in regulation 16,18 and a person appointed in terms of regulution 2,13.1, 2.13.2 o
2.13.3 shall add to the record his report on the method and procedure followed in such treat-
ment and his comments on the. results. All such connections and their component parts
shall be marked clearly for the purpose of identification.

WINDING ROPES.

Sultability. ,

16.20 In any shaft, winze or vertical or inclined plane the winding rope shall be made of -
steel wire, and the gauge of the wires used in the construction of the rope shall be suited
to the diameter of the sheaves and drums fitted.

Spliced rope. ‘
16.21 A spliced winding rope shall not be used without the written permission of the Govern-
ment Mining Engineer.

Defective rope.
16.22 A winding rope shall not be used if a weak or defective portion has been cut from it
and the ends spliced.

Use of old rope.

16.23 A winding rope which has previously been in use in any place beyond the control of
the manager shall not be put on anew except with the written permission of the Government
Mining Engineer,

Spare rope.

16.24 At least one spare winding rope suitable for each winding plant in use shall be kept
in reserve on the mine, and shall be at ail times ready for use, uniess the Fnspector of Mines
has granted weitten exemption from the requirements of this ergulation.

Test of new rope.

16.25 A new winding rope, balance rope, tail rope or guide rope shall not be used unless
the manager is in possession of a certificate showing the breaking force as obtained by actual
test.

Test of old rope.

16.26 A winding rope, balance rope, tail rope or guide rope which has previously been in
use shall not be put on anew unless the dreaking force of 2 specimen cut off from the end of
the rope has becn obtained by actual test at a testing station approved of by the Government
Mining Engincer. :

Examination of attachments and test run.

16.27 A winding rope, balance rope, tail rope or guide rope newly put on, whether new or
previously used, and the attaclments connecting any such Tope to any conveyance or Yhalance-
piece or counterpoise shall be examined carefully by a competent person appointed for the
purpose by the manager and shall not be used in conuection with the raising or lowering
of persons until the conveyance loaded with the maximum permitted mass has been run
2 complete test trips down and up between the highest and lowest stopping places ordirnarily
in use. The resuit of this examination and test shall be recorded immediately in the Rope
Record Book provided in terms of regulation 16.79, The record shall be signed by the person
who conducted the examination and test.

1. Substituted by G.N. No. R. 2102 dd. 15.11.1974.
MW 1/1975—3



Act No. 27 of 1956 97 Regulations
MINES AND WORKS 16,28—16.35.1

Particulars of rope to inspectar.

16.28 When a new winding rope, balance rope or tail rope 1o be used in connection with the
raising or lowering of persons is put on, the particulars specified in paragraphs (a) and (&)
of regulation 16.79.2 shall be forwarded in duplicaie to the Inspector of Mines.

16.29 When a winding rope, balance rope or tail rope which has previousiy been in use and
which is to be used in connection with the raising or lowering of persons is put on anew, the
particulars specified in paraceraphs (a), (&) and {¢) of reculation 16.79.2 shali be forwarded in
duplicate to the Inspector of Mines,

Definitions.
- 168.30.1 For the purpose of repulations 16,31 to 16,40 inclusive—

“effective combined weight™ shall mean the static weight resulting from the muss of any foad
where winding is conducted in a vertical plane and it shall be 1,05 times the incline component
of this static weight where winding is conducied in an inctined plane;

“attachmnents” shall include everything suspended from or attached to the conveyance other than
the winding rope and shall include any balance rope or rail rope;

“lenghth of winding rope” shall mean the lenghth between the sheave or drum in the heudgear
and the lowest working point of the comeyarice;

“balunce rope or tail rope™ shafl include alf balance ropes or tail rupes.

16.30.2 In determining, in accordance with the provisions of regulations 16.31 to 16.40 inclusive,
the minimum alfoweble breaking force of cuy rope wsed in eonnection with winding, the weight
in newions of any muss carried by the rope shall be vbrained by muluplying this mass in kio-
grams by a factor of 9,8,

Ratio of man load to mineral load.

16.31 The total masy attached to the winding rope when persons or material are conveyed
shall not exceed nine-tenths of the mase attached to the winding repe when mineral is con-
veyed.

. Multiple ropes. :

16.32 Where a conveyance is suspended by 2 or more winding ropes, the ropes shall be of
approximately equal size and strength. Adequate arrangements shall be made to equalize
the tension in the ropes and, in calculating the breaking force of the copes, each rope shall be
assumed 1o carry an equal share of the load.

Factors of safety, winding repes.

16.33 A winding rope, balance rope or tail rope shall not be used if the breaking force at any
point in the rope is less than nine-tenths of the initial breaking force.

16.34 Where the winding system is such that it allows of the periodic testing of the winding
rope or ropes as required by regulation 16.41 and a balance rope or tail rope is not used, a
winding rope shall not be used for the raising or lowering of persons or material if the breaking
force at any point in the rope is less than whichever is the greatest of—

16.34.1 10 times the effective combined weight of the conveyance and its attachments and
the maximum permitted number of persons or load of materiai, or

16.34.2 9 times the effective combined weight of the conveyance and its attachments and the
maximum permitted load of mineral, or
16.34.3 5 times the effective combined weight of the length of winding rope, the conseyance
and its attachments and the naximum permitted numbet of persons or {oad of material,
or
16.34.4 4.5 times the clfective combined weight of the fength of winding rope, the conveyance
and its attaclunents and the maximum permitted load of mineral.
16.35 Where the winding system is such that it does not allow of the periodic testing of the
winding rope or ropes as required by regulation 16.41 and a balance rope or tail rope is used,
a winding rope shall not be used for the raising or lowering of persons or material if the
breaking force at any point in the rope is less than whichever is the greater of—
16.35.1 9 times the effective combined weight of the length of winding rope. the conveyance
and jts attachments, the maximum permitted number of persons or load of material. and
one-half thai of any tail carriage and sheave, b this factor may be reduced by (WO 5 for
every meire of the length of the winding rope, provided that the factor shall not be less than—

(a) 7.5 where the conveyance is suspended by a single winding rope,

() 6,875 where the conveyance is suspended by 2 or 3 winding ropes,

(¢) 6,25 where the conveyance is suspended by 4 or more winding ropes, o-
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15.35.2 8,1 times the cffective combined weight of the length of winding rope, the conveyance
and its attachmeats, the maximum permitted load of mineral, and owe half that of any taii
carriage and sheave, but this factor may be reduced by 0,000 35 for every metre of the length
of rope provided that the factor shall not be Jess than—

{a) 6,75 where the conveyance is suspended by a single winding rope,

{d) 6,19 where the conveyance is suspended by 2 or 3 winding ropes,

(c) 5,62 where the conveyance is suspended by 4 or more winding ropes.

16.36 Where the winding system is such that it allows of the periodic testing of the winding
rope or ropes as required by regulation 16.41 and a balance rope or tail rope is used, a winding
rope shall not be used for the raising oc lowering of persons or material if the breaking force
at any point in the rope is less than whichever is the greater of— ’

16.36.1 8,1 times the effective combined weight of the length of winding rope, the conveyance
and its attachments, the maximum permnitted nimber of persons or load of material, and
oie-half that of any tail carriage and sheave, but this factor may be reduced by 0,001 35 for
cvery metre of the length of winding rope provided that the factor shall not be less than—

(@) 6,25 where the conveyance is suspended by a single winding rope,
(b} 5,94 where the conveyance is suspended by 2 or 3 winding ropes,
{c) 5,62 where the conveyance is suspended by 4 or more winding ropes, or

16.36.2 7,29 times the effective combined weight of the length of winding rope, the conveyance
and its attachments, the maximum permitted load of minsral and one-haff that of any tail
carriage and sheave, bat this factor may be reduced by 0,001 2 for every metre of the length
of winding rope provided that the factor shall not be less than—

(@) 5,62 where the conveyance is suspended by a single winding rope,
(5) 5.34 where the conveyance is suspended by 2 or 3 winding ropes,
{¢) 5,06 where the conveyance is suspended by 4 or more winding ropes.

16.37 Where the winding system Is such that it allows of the periodic testing of the winding
ropes as required by regulation 16.41 and a balance rope or tail rope is not used and each
coliveyance is suspended by 2 or more winding ropes in conjunction with a rope-tension
compensator, the winding ropes shall not be used for the raising or lowering of persons or
matenal if the breaking force at any point in any of the ropes is less than that specified in
regulations 16.34.1, 16.34.2 and 16.34.3 or less than 0,95 times that specified in regulation
16.34.4, whichever is the greatest,

15.38 Where a winding plant which is not used for the raising or lowering of persons or
material operates in a shaft or winze where persons are regulacly conveyed, no winding rope
shall be used en such winding plant if the breuking force at any peint in the repe is less than
thelmjnimum permitted for a similar winding system in terms of regulations 16.33 to 16.37
mnciusive, .

Factor of safetv, balance rope. .

16.39 A balance rope or tail rope shall not be used in a shaft or winze where persons are
ccsularly conveyed if the breaking Joree 3t any point in such rope is less than 6 times the
effective combined weight of the balance rope or tail rope and one Adlf that of any tail carriage
and sheave.

Factor of safety, guide rope,

16.49 A guide rope shall not be used in a shaft or winze where persons are regularly conveyed
il the breaking furce at any point in such rope i3 less than 6 timey the cifective combined weight
of the rope and its tensioning weight. This provision shall not apply to any guide rope which
is also used as a winding repe to raise or Jower a stage, in which case the breaking force at
any point in the rope shall not be less than § times the effective combined weicht of the length
of winding rope, and its share of the combined weight of the stage and attachments, the
maximum permitted number of persons and the load of material.

Cutting, recapping and testing.

16.41.1 Unless the winding svstem is suech that it does not allow of the shortening of the winding
rope, a portion of the winding rope shall be ¢ut from the end attached to the conveyance,
the Ybalance-picce or the conuterpoize, as the case may be, at intervals not exceeding 6 months
and the rope shall be recapped. The length of the poretiont so cut off shall be at least 3,7 merres
or such shorter length as the Government Mining Eegincer may permit in writing,

1. Substituted by G.N. No. R. 2102 dd. {5.11.]974.
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16.41.2 From the portion of the rope cut off in terms of regulation 16.41.1, a specimen shall
be sent without delay for test to a testing station, approved of by the Government Mining
Enginesr, where its actual breaking force and gencral condition shall be determined. The test
shall be at the expense of the owner. The testing station shall send the manager a certificate
showing the results of such test and shall send a copy of the certificate to the Government
Mining Engineer, If the specimen of the rope received at the testing station is in a condition
not admitting of a satisfactory test, a fresh specimen shall be sent by the manager.

WINDING PLANT SIGNALLING ARRANGEMENTS.

16.42 Unless exempted in writing by the Inspector of Mines—

System where persons are conveyed,

16.42.1 every shaft in which winding is carried on, other than a shaft in the course of being
sunk, shall be provided with some efficient signalling arrangement in respect of each winding
plant for interchanging distinct and definite signals between—

(@) the winding-engine driver and the bank, and
(5) the winding-engine driver and every established point below the bank from which
winding is carried on.
Where persons are regularly conveyed in such shaft and the signalling arrangements are
operated by electricity, the provisions of regulation 16.43 shall be complied with;

System for shaft examination.

16.42.2 every shaft where persons travel on or in the conveyance while carrying out any
examination, repair or cother work shall be provided with some efficient means, approved
by the Inspector of Machinery, whereby persons doing such examination or work can signal
effectively from any depth in the shaft to the winding-engine driver;

System at inclined sinking shafts.

16.42.3 every inclined shaft in the course of being sunk shall be provided with some efficient
signalling arrangement in respect of each winding plant for interchanging distinct and definite
signals between—

(a) the winding-engine driver and the bank, and

(b) the winding-engine driver and every established intermediate landing station below
the bank, and

{c) the winding-engine driver and a point not more than 40 merres from the bottom of
the shaft, When this point is more than 15 metres from the bottom of the shaft, some
efficicnt signalling arrangements shall also be provided and used for signalling from
the bottom of the shaft to this point; and

System at vertical sinking shafts.

16.42.4 every vertical shaft in the course of being sunk shall be provided with 2 separate
means for each winding plant whereby persons employed in the sinking process can sigual
effectively from the bottom of the shaft and from any depth in the shaft to the winding-
engine driver and there shall also be provided in respect of each winding plant an efficient
signalling arrangement for interchanging distinct and definite signals between the winding-
engine driver and the bank and between the winding-engine driver and every established
intermediate landing station below the bank.

Electric signalling systems.

16.43 At every shaft and winze, other than a shaft or winze in the course of being sunk,
where persons are regularly conveyed and where the signalling arrangements arc operated
by electricity, the following provisions, except as is provided for in regulation 16.44, shall be
observed in respect of each winding plant used for the raising or lowering of personsi—

16.43.1 There shail be provided and maintained in good working order 2 separate, indepen-~
dent, and efficient signalling arrangements, hereinafter referred to as the locked-bell system
and the call-bell system, which shall be used for transmitting signals,
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Locked-bell system.
16.43.2 The locked-bell systemn shall be for the interchange of signals between—
(a) the winding-engine driver and the bank, and
(6) the winding-engine driver and every established point below the bank from which

winding is normally carricd on, but it shall not enable the banksman to signal on
this system to anyone but the winding-engine driver.

16.43.3 The system shall be arranged so that the winding engine-driver can easily distinguish
between signals received from the bank and signals received from below the bank.

Locking of signal mechanism.

16.43.4 The sytem shall further be arranged and maintained so as to prevent as far as possible
signals being given by unauthorised persons, The signal operating mechanism at the bank
and at all points below the bank shall be securely enclosed in a metal casing of substantial
construction and shall be kept locked when not in actual use. The key shall be removable and
when not required shall be removed and retained by the banksman, onsetter or other authorised
person: Provided that other locking arrangements may be used if approved by the Inspector
of Machinery,

Bell-brake interlocking device.

16.43.5 There shall be in use a device which automaticaily prevents the conveyance or convey-
ances being raised or lowered after the winding-engine driver has given a signal on the circuit
of the locked-bell system provided for interchanging signals with the bank or on the circuit
of the locked-bell system provided for interchanging sighals with the established points
below the bank from which winding is normaily carried on, until he has received a signal
on each of the circuits on which he gave a signal.

Call-bell system.

16.43.6 The call-bell system shall enable signals to be transmitted—
(a) to the winding-engine driver from the bank, and

{6) to the winding-engine driver from every established point below the bank from which
winding is normally carried on,

and shall also enable signals to be intcrchanged between the bank and every established

poiat below the bank from which winding is normally carried on, but it shall not enable

the winding-engine driver to transmit signals on this system.

Accessibility of call-bell.

16.43.7 The signal operating mechanism of the call-bell system shall be accessible to any
person to transmit the signals “10 followed by station signal” and “one long ring® referred
to in regulation 16,43, but it shall not be used for any other purpose: Provided that the banks-
man or onsetter or any person duly authorised by the manager may use the system to indicate
the station at which the conveyance is required and subject to the approval of the Inspector
of Machinery to transmit special signals.

Tone of bells,

16.43.8 The tone of the bells of the call-bell system shali be such as to be easily distinguishable
from that of the bells of the locked-beH system,

Telephone in place of call-bell,

16.43.9 In a shaft or winze where efficicnt telephonic intercommunication is provided between
the bank and cvery established landing station for persons below the bank, it shall be neces-
sary to provide only one call-bell system in respect of all the winding plants serving such
shaft or winze,

Other systems—approval,

16.44 Signalling arrangements other than those required by regulation 16.43 may be used
with the written approval of the Government Mining Engineer,
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Code of signals.

16.45 The following code of signals shall be used and strictly obscrved where a winding plant
is operated at a shaft or winze where persons are regularly allowed to ride:

Knocks or rings—

Ll B e e

2 pause 2 |,

2 pause 2 pause 2
2 pause 2 pause 2

2 pause 2 pause 2 pause 2

3 pause 3 pause 3
3 pause 3 pause 3

4 pause ! ..
4 pause 2 ..
4 pause 4 ..
4 pause 4 ..

4 pause 4 pausc 4
4 pause 4 pause 4 .,
5 pause 5

Spause§S .. .. .. ..

5 pause 5

5 pause 5 pause §
5 pause 5 pause §

6 pause 6 ..
6 pause 6 .,

6 pause 6 followed by
signal ., .
pause
signal ..

6 pause 6 pause 6

6 pause & pause 6

6 pausc 6 pause 6 pausc

6 pause & pause & pausc &

station

6 followed by station

Raise when engine at rest.

Stop when engine in motion.

Lower,

Persons about to travel,

In reply: persons may continue to travel or may
enter the cage or other convevance for the purpose
of travelling,

From engine-driver when cage or other conveyance
containing persons is brought to rest at a station:
Persons may leave the cage or other conveyance.
To driver {Clear signal): driver may move at lis
discretion.

From driver: persons must leave the conveyance,
In reply: no persons in the conveyance.

Cancel or repeat signal.

Person giving signal about to travel.

In reply: acknowledgement by driver that person
signalling is about to travel.

Raise slowly.

Lower slowly,

To driver: Mark signal.

In reply: acknowledgement by driver of “mark™
signal,

To driver: clutching signal.

In reply: clutching operations completed.

To driver: explosives about to be placed in the
conveyance.

in reply: Explosives may be placed in the convey-
ance.

From driver when conveyance containing explosives
is brought to rest at a station: explosives may be
removed from the conveyance,

To driver: no explosives in the conveyance,

In reply: acknowledgement by driver that there
are no explosives in the conveyance,

To driver: winding compartments served by engine
locked.

In reply: acknowledgement by driver of *com-
partments locked™ signal.

To driver; winding compariments served by engine
locked below station designated,

In reply: acknowledgement by driver of “com-
partmernts locked below station designated™ signal.
To driver: compartments served by engine re-opened.
In reply: acknowledgement by driver of “compart-
ments served by engine re-opened” signal.

To driver: shaft examination and rcpairs about to

take place.

In reply: acknowledgement by driver “shaft cx-
amination and repairs’ signal,

To driver: persons about to have access to the con-
vevance for a purpose other than travelling or the
loading or unloading of mineral in trucks or of
malterial,

1. Caglish version correcied by G.N, No. R, 2103 dd. 15.11.1974.
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7 Ce ee e we e e e In reply: person may have aceess to conveyance for

a purpose other than travelling or the loading or
unloading of mineral in trucks or of material.

Tpause 7T .. oo i ae e as To driver: conveyaunce is clear of all persons who
have had access to it for a purpose other than
travelling or the loading or umloading of mineral
in trucks or of material,

Tpause7 .. .. .. .. o .. In reply: acknowledgement by driver of “persons
clear™ signal.

15 te e e v e e e Electrician testing bells.

- In reply: acknowledgement of “‘bell testing™ signal.

15pause 2 pause 2 .. .. .. .. Electrician has completed test.

10 followed by station signal .- Accident to person: station where conveyance is
required,

tlongring .. .. .. .. .. Accident to shaft: winding operations to be sus-
p;:fded brunediately in all compartments of the
shaitt,

In any purely mechanical signalling system “continued ringing™ shall replace “one long
ring’* for the “accident to shaft™ signal.

When raising or lowering mineral in trucks or material:

Knocks or rings—

8 ve ee e ee ee e To driver: raising or lowering of mineral in trucks
or of material about to commence.
3 Gh b e e e e e In reply: acknowledgement by driver that raising

or lowering of mineral in trucks or of material is
about to commence.
t e e e e we e ea From driver: persons may have access to conveyance
: for the purpose of loading or unloading mineral
in trucks or material.

8 pause 8 e e ea ee e To driver: raising or lowering of mineral in trucks
or of material compieted.

g pause § e ee ae ea es In reply: acknowledgement by driver that raising
or lowering of mineral in trucks or of material is
completed.

Special signals.

16.46 In addition to the foregoing signals, special signals may be used provided they have
been approved in writing by the Inspector of Machinery,

Offence.

16.47 Any person acting in conflict with the code of signals referred to in regulation 16.45
or of any of the special signals used on 2 mine shall be guilty of an offence.

Access to conveyance.

16.48 No person shall enter or have access to or be permitted to enter or have access to a
cage or other conveyance for any purpose whatsoever or shall continue to travel in a cage or
other conveyance or shall leave or be permitted to leave a cage or other conveyance unless and
until the appropriate signals required in terms of regulation 16.45 have been exchanged, or,
if a signal cannot be given on the bell system, some other appropriate and distinet signai has
been received from the winding-engine driver,

Code 1o be posted up,

16.49.1 The code of signals referred to in regulation 16.45 or an abridged form thereof appro-
ved by the Government Mining Engineer, as well as the special signals that may be in use on a
mine, shall be displayed suitably in the form of distinctly legible notices in lettersand figures
not less than ten millimesres in height. The decision whether such notices are suitably dis-
played and aistinctly legible shall rest with the Inspector of Machinery. Such notices shall
be posted up in the winding-engine room, at the bank and at all shaft or winze stations for
the time being in use.

16.49.2 Where only some of the signals in the aforementioned code are used it shall be neces-
sary to display only that portion of the code which is used.
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REQUIREMENTS IN SHAFIS AND WINZES.

Guides int vertical shafts.

16.50 Every vertical shaft and every vertical winze exceeding 30 metres in depth and used for
winding purposes shall be provided with guides for skips, cages or other conveyances unless
exempted in writing by the Inspector of Machinery.

Provision for crossing shaft.

16.51 At any place in a shaft where it is necessary for workmen to pass from one side to the
other, provision shail be made for them to do so without entering, or crossing a compartment
in which winding is taking place; such passage shall be securely fenced off from moving parts
of machinery and from any conveyance.

Entering winding compartments.

16.52 No person shall enter or cross a compartment of a shaft or of a headgear in which
winding is taking place, except for the purpose of entering, leaving or having access to a cage,
skip or other conveyance or for the purpose of conducting an examination, effecting repairs
or doing other necessary work in such compartment.

Winding during repairs.

16.53 No winding operations shall be carried on in a shaft or a headgear while persons are
engaged in effecting repairs, conducting an examination or doing other work in such shaft
or headgear, except—

16.53.1 where such winding operations are necessary for the purpose of effecting the repairs,
conducting the examination or doing the other work, or

16.53.2 where the persons engaged in effecting the repairs, conducting the examination or
doing the other work are adequately protected from the conveyances and other winding
equipment used in such winding operations as well as from falling stones and falling material.

Repairs in shaft.

16.54 No person shall effect repairs, conduct an examination or do other work in a shaft or a
headgear while winding operations are being carried on in such shaft or headgear, except--

16.54,1 where such person is adequately protected from the conveyances and from other
winding equipment as well as from falling stones and falling material; or

16.54.2 where the winding operations are necessary for such person to effect the repairs,
conduct the examination or to do the other work.

Driver to be specially warned.

16.55 The person in immediate charge of any repairs or examination in a winding compartment
of a shaft or a headgear or in immediate charge of any work in connection with maintenance
or instalfation of ¢quipment in a winding compartment of a shaft or a headgear shall warn
the driver of the winding engine operating the conveyance in such compartment that such
repairs, examination or work are about to be undertaken and where practicable shall enter
forthwith, in the presence of the driver on duty at the time, such warning in the driver’s logbook
provided in terms of regulation 16.81, Such entry shall be countersigned by the driver and by
any driver relieving him.Where it is not practicable for the person in charge of such repairs,
examination or work to enter such warning, the entry shall be made by the driver on duty,
Except where the provisions of regulations 16.53.2 and 16.54.1 are complied with, the driver of
every other winding engine operating conveyances in the shaft or headgear shall be warned
in a similar manner. The entry shall be cancelied by the person in immediate charge of such
repairs, examination or work on completion thereof,

16.56 For the purpose of regulations 16.53, 16.54 and 16.55 work in a shaft shall not include
work at the bottom of a shaft in the course of being sunk.

Spring keps or jack catches.

16.57 Where winding is carried on in a shaft there shall be fitted above the bank spring keps
or jack catches or some other eifective contrivance to support any conveyance detached from
the winding rope as a result of an overwind.
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Deiaching hooks.

16.58 For a winding system in a vertical shaft where the end of the winding rope is fastened
to the drum of the winding engine, there shall be fitted detaching hooks to detach from the
winding rope any conveyance overwound in the headgear and to support it. Such detaching
hooks shall be additional to the devices required in terms of regulation 16.57: Provided that
the Inspector of Machinery may grant exemption from the requirement of fitting detaching
hooks in the case of 2 winding system in a vertical shaft in the course of being sunk,

Retarding device,

16.59 For a winding system in a vertical shaft where the winding rope isnot fastened to the
drum or sheave of the winding engine—

16.59.1 the over-run space in the headgear above the highest established stopping place
shall be provided with rigid guides or other appliances arranged so that an overwound con-
veyance is retarded to minimise the risk of the conveyance coming into contact with the rope
sheave or the buffer stops io the headgear, and

16.59.2 the over-run space at the bottom of the shaft below the lowest established stopping
place shall be provided with rigid guides or other appliances arranged so that an overwound
conveyance is retarded and arrested before it can come into contact with any fixed obstacle.

Over-run clearance.

16.60 The headgear shall be carried sufficiently high to aliow a clearance of at least 7,5 metres
in which the conveyance can travel above or beyond the highest landing place for persons
pefore it comes into contact with any fixed obstacle excluding any retarding appliance pro-
vided in terms of regulation 16.59.

16.61 The shaft shall be carried sufficiently deep to allow an over-run space of at least 7,5
metres in which the conveyance can travel below or beyond the lowest Janding place for persons
before it comes into contact with any fixed obstacle excluding any retarding appliance pro-
vided in terms of regulation 16.59: Provided that such over-run space need not be provided
in a shaft in the course of being sunk or in a shaft not exceeding 300 mmetres in depth or length
below the bank where the winding system does not include the use of a balance rope or taii
rope.

LOADING OF WINDING PLANT CONVEYANCES.

Simultaneous winding of men and mineral.

16.62 No person shall travel in a conveyance operated by a winding engine if such conveyance
is loaded or partially loaded with minerai, and no person shall travel in a conveyance operated
by a winding engine that is being used simultaneously for the winding of mineral: Provided
that, if authorised by the manager or mine overseer, persons engaged in sinking operations
in a vertical shaft or winze may descend such shaft or winze in a_conveyance operated by a
winding engine that is being used simultaneousiy for the raising of mineral,

Travelling with material,

16.63 Except as is provided for in regulation 16.65, no person shall travel in a conveyance,
operated by a winding engine, with material except detonators, safety fuse, igniter cord,
lighting torches or articles which are unlikely to endanger persons travelling and for which
permission has been granted by the manager or mine overseer, and no person shall travel
n a conveyance operated by a winding engine that is being used simultaneously for the winding
of such material,

List of permitted material.

16.64 The manager shall cause a list to be kept at the shaft or winze of all articles regularly
conveyed in such shaft or winze for which permission has been granted in terms of regulation
16.63 and he shall ensure that every banksman, onsetter and other person authorised to give
signals for the raising and lowering of persons are made aware of the articles included in the
list. A copy of the list shall be accessible to all persons concerned,

Persons authorised to travel with material,

16,65 The manager or the mine overseer may authorise the following persons to travel in a
shaft or winze with material prohibited in terms of regulation 16.63 if such travelling is neces-
sary for the efficient carrying out of their duties:—



C-52

Act No, 27 of 1956 105 Regulations
MINES AND WORKS 16.65.1—16.73

16.65.1 Onsetters and their gangs;
16.65.2 Persons required to distribute explosives;

16.65.3 Persons engaged in sinking operations or in conducting an examination, effecting
repairs or doing other work in the shaft or winze;

16.65.4 Persons required to ensure the safe passage through the shaft or winze of material
which cannot be conveyed inside a conveyance.

Loading of explosives,

16.66 No person shall place explosives in or remove them from a conveyance operated by a
winding engine except under the immediate supervision of the banksman or onsetter or a
responsible scheduled person authorised thereto by the manager or mine overseer,

Riding outslde conveyance.

16.67 No person shall ride in any shaft or winze on the roof, top, side, bow, rim, bridle or
frame of or in any position outside a conveyance operated by a winding engine, except that
persons engaged in examining or repairing the shaft or winze or doing other work in the shaft
or winze may ride on the roof of such conveyance or on a special ptatform if authorised to doso
by the manager or mine overseer and if riding on the roof of such conveyance or on the special
platform is necessary for the efficient carrying out of such examination, repairs or other work,

Nao travelling in attached conveyance.

16.68 Persons shall not be regularly raised or lowered in a conveyance attached to the normal
conveyance.

Conveyance to be steadied,

16.69 No bucket or other means of conveyance that can sway shall be allowed to leave the
top or bottom of the shaft or winze unless the workman in charge thereof has steadied it or
caused it to be steadied.

Overfilling of conveyance.

16.70 No bucket or other means of conveyance shall be filled with loose rock or ground
above the level of the brim. :

Fastening projecting material.

16.71 When tools, timber or other material, which project above the top of the cage, skip,
bucket, kibble or other means of conveyance, are raised or lowered in' a shaft or winze, the
projecting portion or portions shall be fastened securely to the winding rope or to the bow of
the convevance,

TRIAL RUN OF WINDING PLANT,

16.72 When winding in any compartment or compartments of a shaft, winze or headpear
has been stopped for repairs or blasting operations or when it has been stopped for any other
purpose for a period exceeding one hour in duration or when a conveyance has been changed,
the winding engine serving such compartment or compartments shall not be used for the
raising or lowering of persons until the cage, skip or other means of conveyance has been run
at least one complete trip up and down such compartment or compartments: Provided that
this regulation shall not apply to the use of the winding engine for the raising or lowering of
persons conducting an examination or effecting repairs; and provided further that where
such stoppage is confined to a portion of any compartment or compartments, the requirements
of this regulation shall apply only to such portion.

EXAMINATION OF WINDING PLANT AND SHAFT.

Appointment of persons to examine shafts.

16.73 The manager or subordinate manager appointed in terms of regulation 2.6.1 shall
appoint in writing some competent scheduled person or persons whose duty it shall be to
examine carefully at least once in each week the guides or rails and the winding compartments
generally, including the doors, gates or barriers and ancillary equipment at stations, landing
platforms and loading boxes.
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Appointment of persons to examine winding equipment.

16.74 The person appointed in terms of regulation 2.13.1, 2.13.2 or 2,13.3 shall appoeint in
writing some competent scheduled person or persons whose duty it shall be to examine carc-
fully—

16.74.1 at least once in each day the winding ropes, the balance ropes or tail ropes, the con=
nection of the winding ropes to the drums, the connections referred to in regulation 16.18,
the conveyances and the main members by which they are suspended and any safety catches
attached thereto, the pulley wheels and sheaves, the brakes, the depth indicators, the safety
devices and all external parts of the winding equipment upon the proper working of which
the safety of persons depends: Provided that these examinations will not be necessary on
any day mentioned in section 9(1) of the Act, if the winding plant makes less than 50 trips
during any such day, and

16.74.2 at least once in each week the signalling arrangemcents and safety devices used in
connection therewith.

Examination by engineer of winding equipment and rapes.

16.75 A person appointed in terms of regulation 2.13.1, 2.13.2 or 2.13.3 shall examine care-
fully—

16.75.1 at least once in each week the overwinding prevention devices and the external parts
of the winding engine;

16.75.2 at least once in each year the winding engine as to the condition of the internal mech-~
anical parts and, as far as reasonably practicable, the internal electrical parts;

16.75.3 at least once in each calendar month at intervals not exceeding 45 days the structure
of the winding rope and the balance rope or tail rope, with a view to ascertaining the amount
of deterioration thereof. For the purpose of this examination the rope shall be cleaned at
places selected by the person making the examination whao shall note any reduction in the
circumference of the rope, any variation in the length of lay of the rope, the superficial con-
condition of the wires as to wear, corrosion, fractures and brittleness, and all other data
necessary for ascertaining the amount, extent, and distribution of the deterioration of rope.
If the examination discloses features such as undue or rapid wear or fractures of the wires,
which, although not constituting sufficient reason for condemming the rope, call for more
than wsual attention, the examination required under this paragraph shall be made more
frequently;

16.75.4 at lecast once in each calendar month at intervals not exceeding 45 days the connections
between the winding rope and the drum and the connections referred to in regulation 16.18;
and

16.75.5 after every accident or occurence referred to in regulation 25.6(z) and before winding
operations are resumed, all portions of the winding equipment affected by such accident or
occurence on which the safety of persons depends.

16.76 In the case of connections referred to in regulation 16.18 being of a class of steel approved
by the Government Mining Engineer, such connections and their component parts shall be
dismantled, cleaned and then examined by the person appointed in terms of regulation 2.13.1,
2.13.2 or 2.13.3 at intervals not exceeding 12 months.

Duty when defect discovered.

16.77 If on any examination required in terms of regulations 16,73, 16,74, 16.75 and 16.76
there is discovered any weakness or defect which may endanger the safety of persons, and
such weakness or defect cannot be remedied immediately, the person making the discovery
shall report such weakness or defect to the manager without delay. Until such weakness or
defect is remedied the winding plant shall not be used except in so far as may be necessary
to remedy such weakness or defect.

WINDING PLANT RECORD AND LOG BOOKS.

Machinery record book.

16.78 The manager shall provide for cach winding plant a book to be termed the Machinery
Record Book in which shall be entered—

16.78,1 the name of each person appointed under regulation 16,74 to perform the duties
cal(lied for in the said regulation together with the particulars of the duties of each such person;
an
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16.78.2 a true report of every examination referred to in regulations 16,74, 16.75 and 16.76.
These reports shatl be recorded and signed without delay by the person making such examination.
The reports made by the persons appeinted in terms of regulation 16.74 shall be scrutinised

. and countersigned by the person appointed in terms of regvlation 2.13.1, 2.13.2 or 2.13.3 at
least once in each week,

Rope record book,

16.7% Thg manager shall provide a book to be termed the Rope Record Book in which shall
be entered.— .

16.79.1 the name of each person appointed under regulation 16.27;

16.79.2 the following particulars for each winding rope, balance rope or tail rope used on
each winding plant :— .

(@) Name of manufacturer.
Date of manufacture.
Coil number,
Length in metres.
Mass per metre in kilograms.
Diameter in millimetres, or
Width and thickness in millimetres.

Construction of rope—
type and Iength of lay;
number of strands;
class of heart;
type of lybricant,

Construction of strands—

number of wires;

diameter of wires in millimetres;

¢lass of core; ‘

class of steel in wires;

tensile strength of steel in megapascals.
Breaking farce in kiloniewtons.

Rope test certificate number and place of test;

(b) Whether used for winding or balance purposes.
Name and type of shaft,
Name of compartment.
Winding plant certificate number.
Date put on;

{c) Dates of reeapping, shortening or turning end for end.
Dates of testing and the breaking force obtained at cach test.
Date taken off.

Dates of annealing or rencwing connections: and

16.79.3 a true report of every test or examination referred to in regulation 16.27. These
reports shall be recorded and signed without delay by the person making such test or ex-
amination,

Shaft log book.

16,80 The manager shall provide for each shaft or winze where persons are regularly conveyed
a book to be termed the Shaflt Log Book in which shall be entered—

16.80.1 the name of each person appointed under regulation 16.73 to perform the duties
mentioned therein together with the particulars of the duties of each such person;

16.80.2 a true report of every examination referred to in regulation 16.73. This report shall
be recorded and signed without delay by the person making such examination and the reports
shall be scrutinised and countersigned by the manager or mine overseer and by the person
appointed in terms of regulation 2.13.1, 2.13.2 cr 2.13.3 at lcast once cach week,

Driver's log book.

16.81 The manager shall provide for each winding engine a book to be termed the Driver’s
é,ogl_Book which shall be kept in the winding-engine room and in which shalil be recorded in
uplicate—



C-55

4 from
P‘i‘::'o:::'\?ab\e copY-.
& Regulations

MINES AND WORKS 16.81.1—16.26.4

Act No. 27 of 1956

16.81.1 a true report of the condition of the winding engine, including the brakes, clutches,
reversing gear, depth indicators and all other fttings, Such report shall be made and signed
by the winding-engine driver for each period of charge, the time and duration of which shall
be recorded;

16.81.2 a true repoit of the condition of the signalling arrangements together with a record
of any signals received by the winding-engine driver which he has questioned. Such repoert
shall be made and sighed by the winding-cngine driver for each period of charge;

16.81.3 any special instructions involving the safety of persons given to the winding-cngine
driver and the time such instructions were given. Such entry shall be signed by the person
giving the instruction and shall be countersigned by the winding-engine driver; and

16.81.4 any warning given in terms of regulation 16.55 and the time such warning was given.

16.82 The entries in the Drivers’ Log Book shall be serutinised and countersigned daily by
the persons appeinted to carry out the dulies specified in regulation 16,74, The duplicate
shall be scrutinised and countersigned within 24 hours by the person appointed in terms of
rezulation 2.13.1, 2.13.2 or 2,13.3, and shall be retained by him for at lcast 30 days.

WINDING-ENGINE DRIVERS.

Winding-engine driver to liave certificate.

16.83 No person shall drive or be permitted to drive any winding engine for which a permit
has been granted in terms of regulation 16,2, or any other winding engine whije it is being
used for the conveyance of persons, unless he is the holder of 2 winding-engine Jdriver’s certifi-
cate, issued in terms of these regulations, provided that a learner winding-cngine driver nray
drive a winding engine for which a permit has been granted in terms of regulation 16.2 under
the immediate supervision of a certificated winding-engine driver while persons are not being
conveyed,

Record aof certificate to be kept.

16.84 Upon engaging a winding-enginc driver, who is required in terms of regulation 16.83
to be the holder of a certificate, the manager shall record or cause te be recorded the niinber
and type of such certificate.

Driver not to be distracted.

16.85 No person shall speak to or in any way distract the attention of the person operating
a winding engine while it is in motion, except 4 person in authority, and then only in cascs of
necessity or emergency.

16.86 The driver of a winding engine—

When driver may start engine,

16.86.1 shall not start his engine before he has received o distinet and proper signal to do
50, unless he has been instructed to do so by the manager, the mine overseer or the person
appointed in terms of regulation 2.13.1, 2.13.2 or 2,13.3, or unless he has received the *elear
signal™ 2 pause 2, or unless he has sole control of the cage, skip or other means of convey-
unce;

Action on signal.

16.46.2 shall not act on any signal if he has been unible to do so within one minvte after
recciving it, but shall await a fresh siynal: Provided that for the ““clear signal™ 2 pause 2,
he may move his engine at his disceetion at any time during his shilt, but if a period of more
tllmn 5 minutes has elapsed since receiving such clear signal he shall move away the conveyance
slowly;

Control of speed.

16.86.3 shall not run such engine at a greater speed than that fixed by the Inspector of Mach-
inery;

Avoidance of shocks.

16.86.4 shall, cxcept lin the case of emergeney, avoid shecks in starting, in running and in
stopping the said engine;
MW 1719753
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Prevention of overwinds,
16.86.5 sf{all apply correctly every device and means at his disposal to prevent the conveyance
over-running-—-
(a) the signalled destination, or
(&) when the destination is not signalicd, the highest or lowest landing place when persons
are being conveyed and the highest or lowest cstablished stopping place when persons
are not being conveyed,
to an extent which may endanger the safcty of persons or may cause damage to the winding
cqQuipment;

Moving in wrong direction.

16.85.6 shall apply correctly every device and means at his disposal to prevent the conveyance
moving Ia a direction opposite to that signalled;

Pause before starting.

16.86.7 shall not start his engine until the expiry of at {cast 10 seconds after receiving a signal
to raise or lower persons: Provided that this requirement shall not apply when blasting is
about to take place in a shaft or winze in the course of being sunk;

Response to call-bell signal,

16.546. 3 shall not act in responsc to any signal on the call-bell system other than the one
long ring referred to in regulation 16.45;

Unelutching of drum,

16.86.9 shall not unclutch a drum of his engine until he has assured himself immediately
beforehand by testing the brake of the drum against sufficient power of the engine that the
brake is in proper condition to hold the load suspended from the said drum;

Lowering on unclutched drum prohibited.,

16.86.10 shall when a drum of his engine is unclutched, use the brake only for the purpose of
maintaining such drum stationary. Lowering from an unclutched drum shall nct be permitted;

Testing of friction eluteh,

16.86.11 shall when such engine is fitted with a friction clutch, test the holding power of the
clutch after engaging the clutch and before releasing the brake of the corresponding drum. For
a steam engine or an air engme the test shail be made against the full power of the engine, and
foa;( an clﬁ‘ctnc engine against the normal starting current, while the brake of the other drum
is kept off;

When clutching prohibited.
16.86.12 shall not perform clutching operations while persons arc in either of the conveyances
operated by his engine; .

146.86.13 shall not, unless he intends operating the winding engine on single deim during shaft
examination, shaft repaivs or shaft sinking operations, give the signal that clutching operations
are gcompleted untit e fas engaged the cluteh and has securely focked it and where uppliceble
hay carried out the test prescribed in regulation 16.86.11; and

Duration of shift.

£6.86.14 shall not work nor shafl be cavsed or permitted to work a loncer shift on the winding
engine than [0 hours, except where permission has been obtained from the Inspector of
Machinery and under sach conditions as he may direct.

BANKSMEN AND ONSETTERS.

Interference with signalling arrangement,

16.87 No unauthorised person shall give any signal other than an accident sigpal, or shall
in any manner whatsaever interfere with the sinnalling arrangeinents provided for winding
operations.

1. Substituied by G.N. No, R. 2101 Jd. 15111974,

MW 1/1975—3
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Appointment of onsetter.

16.88 No person shall be permitted to carry out the duties of a banksman or onsetter unless
he is the holder of an onsetter’s certificate issued in accordance with these regulations. Every
appointment of a banksman or onsetter shall be made in writing by the manager.

Who may give signals,

16.89.1 No person, other than the banksman or onsetier on duty, shall give or shall be caused
or permitted to give any signals for the raising or lowering of persons provided that—

(@) when the banksman or onsetter is not availablq, a responsible scheduled person
to whom the manager has given written permission to do so may give signals for
the conveyance of himself and of any person travelling with him,

(6) the ganger or miner in charge at the bottora of a shaft or winze in the course of
being sunk or a person acting under his immediate supervision may give a signal to
raise persons, and

{(¢) any person duly autherised in writing by the manager or mine overseer may give
signals for the conveyance of persons between the main mineral loading station at
the bottom of a vertical or inclined shaft and the lowest landing station for persons.

The Inspector of Mines shall be furnished on demand with a list of the persons to whom
permission has been granted in terms of paragraph (@) above and may order its revision.

16.89.2 No person other than the banksman or onsetter on duty shall give any signat for the
raising or lowering of material or mineral unless duly authorised by the manager or mine
overseer. Where the winding plant is also used for the conveyance of persons, such authorisa-
tion shall be in writing,

Onsetter to have knowledge of shaft operations.

1690 No person shall be appointed as a banksman or onsetter, nor shall any person be
authorised to give signals, uniess such person has sufficient knowledge of the shaft operations
and of the signals to be given in connection with such operations.

Special duties of onsetters.

16.91 The banksman, onsetter or other person authorised to give signals for winding opera-
tions—

16.91.1 shall not, after the winding-engine driver has signalled that persons may enter the
conveyance for the purpose of travelling or that persons in the conveyance may continue to
travel, give any signal on the signalling arrangements for that winding compartment until
all persons are properly placed in the conveyance and the doors or gates of the conveyance
and the gates ot barriers at the bank, station or landing platform are property shut: Provided
that when the banksman, onsetter or other person authorised to give signals intends to travel,
such doors, gates or barriers as will prevent his entrance to the conveyance may be left open
until he has given the signal to raise or lower and has entered the conveyance;

16.91.2 shall not, when the conveyance containing persons is brought to rest in the proper
position at the bank, station or landing platform and the winding-engine driver has signalled
that persons may leave the conveyance, give any signal on the signalling arrangements for
t!}at winding compartment until all persons who are to [eave the conveyance are out and clear -
of it

The provisions of regulations 16.91.1 and 16,91.2 shall not be taken to prohibit the giving
of the “accident to shaft’’ signal;

16.91.3 shall ensure that the roof, cover or hood, required to be provided in terms of regulations
16.11 to 16.14 inclusive, is properly in position before persons are raised or lowered in or on
such conveyance;

16.91.4 shall take all reasonable measures to prevent persons from having unauthorised
access to the conveyance and to the winding compartments;

16.91.5 shall not allow any person to travel in a conveyance operated by a winding engine
if such conveyance contains mineral and, except as is provided for in regulation 16.62, shall
not allow any person to travel in a conveyance operated by a winding engine that is being
used simultaneousty for the winding of mineral;

16.91.6 shall not, except as is provided for in regulations 16.63 and 16.65, allow any person
to travel in a conveyance operated by a winding engine that is being used simultaneously
for the winding of material;
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16.91.7 shall not, excent as provided for in regulation 16,67, allow any person to ride on the
roof, top, side, bow, rim, bridle or frame of or in any position cutside a conveyance operated
by a winding engine;

16.91.8 shall acqguaint himself with the maxinum number of persons authorised by the In-
spector 0_[‘ Machinery to travel at any one time in the cage and on each deck of the cage, or
in the skip or other means of conveyance and shall not allow such maximum 1o be exceeded;

16.91.% shall not allow any unauthorised person to give signals on the signaliing arrangements
used in connection with windiny operations;

16.91.18 shall not give the *‘clear signal™ 2 pause 2 or any signal to raise or lower the con-

evance unless all persons at the banX, station, landing platform, loading box or other place
where he i3 in chargs, are in a position in which they will not be endangered by the movement
of such conveyance or any other conveyance operated by the same winding engine;

16.91.11 shall not give a signai to clutch unless ail persons are out of and clear of the convey-
ance of conveyances operated by the winding engine;

16.91.12 shall not cause or permit any persen to enter or have access to the conveyance or
conveyances until he has received a signal from the winding-engine driver that clutching
operations are completed; and

16.91.13 shal! take all reasonable measurss to safeguard against accident all persons at the
place where he is in charge, whether such persons are under his direct supervision or not.

NOTICES REQUIRED AT WINDING PLANTS.

16.92 Where a winding plant is used the following shali be kept posted up:—

156.52.1 At each winding engine—
(a) a copy of the permit issued in terms of regulation 16.2; and
(b} the code of signals and any special signals,

16.92.2 At each bank, station or landing platform—

(a) a notice showing clca_rly the maximum number of persons permiticd to ride in each
gonveyance, or a notice prohibiting the conveyance of persons where the Inspector
of Machinery has not granted permission for the conveyance of persons; and

(b) the code of signals and any special signals,

REQUIREMENTS AT SHAFTS BEING SUNK.

16.93 In addition to the provisions of the forugoing regulations, the folfowing provisions shali
apply to any winding plani used at any shaft in the course of being sunk:—

Speed through stage.

16.93.1 The winding-engine drivee shall control the speed of the winding engine in such manner
as to ensure that when any bucket or other nwans of conveyance is approaching or passing
through the stage, or the covering provided in accordance with the requirements of regulation
16.93.4, it does so slowly and safely and that the crosshead is picked up or released, as the case
way be, without shock.

Stopping above shaft botrom.

16.93.2 The bucket or other means of conveyance shall not be lowered directly to the bottom
of the shaft if men are there prescnt but shall be stopped by the winding-engine driver at
least five mmetres above the bottom and shall not be Jowered Turther until the signal has been
given by one of the sinkers thereat,

Guides in vertical shafts.

16.93.3 In a vertical shaft where sets are used to support the guides, guides for conveyances
shalf extend down to0 the lowest set which shall not be more than 15 werres [rain the bottom
and when winding is buing done to the bottom the crosshead shail travel 1o the lowest sct
but one, In a vertical shaft where thc guides are not supported by scls, the guides Tor con-
vevances shatl extend down to 1) metres or less from tha battom, and when winding is keing
d.12 to the bottom the crosshead shall travel to as near the end of the guides as is practicable.
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Protective cover,

16.93.4 No person shall work or be caused or permitted to work at the bottom of the shaft
unless protecled by an adequate covering extending over the whole area of such shaft, sufficient
space only being [eft therein for the passage of any bucket, skip or other means of conveyance.
Tn a vertical shalt such covering shall be situated not more than 25 metres from the bottom.
In an inclined shalt such covering shall be situated not more than 30 metres from the bottom,

Access to conveyance,

16.93.5 No person shall enter the conveyance at the botton of the shaft until such conveyance
has been raised and lowered or until some other distinct signal has been received from the
winding-engine driver,

Signal when blasting.

16.93.6 The person in charge of blasiing operations shall notify the winding-engine driver
by a special signal, nanely 5 knocks or rings, when blasting is about to take place, and, except
in the case of firing by electricity, the driver shall reply by raising and lowering the conveyance
upproximutely two metres.

SMALL WINDING PLANTS.

Permit not required.

16.94 The permit mentivned in regulation 16.2 shall not be required for a winding plant
that is driven by an engioe ot motor developing not more than (00 kifewarr, provided that
such winding plant—

146.94.1 is not wsed for the raising or lowering of persons other than persons engaged in re-
pairing or examining a shaft or winze: ond

16.94.2 does not operate in any portion of a shaft or winze in any manner likely to interfere
with the conveyance or conveyances operated in that shaft or winze served by a winding plant
for which permission in terms of regulation 16.2 has been granted,

Regulations not applicable,

16.95 The winding plant referred o in regulation 16.94 shall not be subject to the provisions
of regulations 16.5.1, 16,5.2, 16.7, 16.9 to 16.15 inclusive, 16.18, 16.19, 16.24 tp 16.29 in-
clusive, 16411, 16.41.2, 16.49.1, 16.58 to 16.61 inclusive, 16.74, 16.75 and 16.81: Provided that
the manager or subordinate manager appointed in terms of regulation 2.6.1 shall appoint
in writing some competent scheduled person or persons to carry out the dutics and examinations
prescribed in regulation 16.74 and provided further that the person appointed in terms of
regulation 2.13.1, 2.13.2 or 2.13.3 shall appoint in writing some competent scheduled person
or persons whose duty it shall be to examine carefully at Icast once in cach week the items
specified in repulation 16.74.1. Notwithstanding the provisions or rezulations 16.78 and
16,79, a Small Hoist Record Book or card index system may be provided in place of the Mach~
inery Record Book.

Competency of driver.

16.96 The person appointed in terms of regulation 2.13.1, 2.13.2 or 2.13.3 shall satisfy himself
that any person required to drive a winding engine referred to in regulution 16,94 is com-
petent to do so.

Prospecting shafis, scrapers and Ilifting muchines.

16.97 The provisions of regulations 16.2 and 6.3 shall not apply to any prospecting shaft or
winze where the length of wind does not exceed 30 merres and where winding is done by
manual or animal power or to any hoist or winch used for the seraper cleaning of broken
ground or to any lifting machine or lifting tackle.

LYFTING MACHINE AND LIFTING TACKLE.

Use of lifting muchines,
16.98 No lifting machine or [ifting tackle shall be used untess—

16.98.1 it is of good construction, sound material, adequate strenpth and free from any
patent defect;

16.98.2 it is so used that the safety of persons is not endangered;

1. Substituied by G.N. No. R, 2101 dd, 15.11.1974.
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16.98.3 it is provided, where practicable, with a brake or other device which automatically
prevents the inadvertent downward movement of the load when the raising effort is removed;

16.98.4 it is provided, where practicable, with a limiting device which will cut off automatic-
ally the power when the load reaches its highest safe working position; and

16.98.5 the maximum load it is designed to carry with safety is marked conspicuously and
clearly on it; when the load varies with the conditions of use such as the varying angle of the
jib, a table showing the maximum load for every variable condition shall be posted up in a
conspicuous place easily visible to the operator: Provided that, with jib ¢cranes, tower cranes
and the like the Inspector of Machinery may require the installation and use of either visual
or auditory safe-load indicators or both.

Factors of safety.

16.99 Any rope or chain forming part of a lifting machine shall have a factor of safety of
at least 10 for fibre ropes and at least 6 for steel wire ropes and for chains, calculated on its
static load. When the load is shared equally by 2 or more ropes or chains the factor of
safety may be calculated on the sum of their breaking loads.

Sultability of rope.

16.100 A steel wire rope shall not be used on any lifting machine unless the diameter and
construction of such rope are suited to the diameter of drum, pulley or sheave on which it is
used.

Cranf-handie.

16.101 Every windless, crab or winch operated by hand shall be fitted with a proper ¢rank-
handle for applying power. Where persons are being raised orlowered 2 such crank-handies
shall be provided and at least one person shall manipulate each handle,

Hooks.

16.102 Every hook used for the lifting of loads shali be designed and proportioned, or shail
be provided with a device, so that no accidental disconnection of the Joad can take place,

Attachment of load.

16.103 No person shall attach and no person shall cause or permit the attachment of any
sling or any rope or chain to any load, lifting machine or lifting tackle unless-—

16.103.1 it is so attached that no accidental disconnection can take place; and

16.103.2 the stability of the load and of the lifting machine during lifting or transportation
is ensured and maintained.

Raising of persons prohibited.

16.104 No person shali be raised, lowered or transported by any lifting machine unless written
permission has been obtained from the Inspector of Machinery and then only subject to such
conditions as he may impose.

CHAPTER 17,

ELEVATORS.

Permission to use an elevator.

17.1.1 No elevator shall be used unless a permit for its use has been issued by the Inspector
of Machinery.

17.1.2 The Inspector of Machinery shall not issue a permit to use an elevator until he has
satisfied himse_:!f by actual inspection and test, to the extent practicable, that the requirements
of the regulations as far as they are applicable are complied with,
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be the duty of the manager of every mine consisting of or comprising a shaft or
staple-pit in the course of being sunk to ensure that a scheme for the systematic
examination of plant at that mine made in pursnance of the said regulation seven
provides for the thorough examination* at intervals not exceeding twenty-four
hours of all gear by which any cradle, platform or other thing is suspended in
that shaft or staple-pit.

{2) Where walling or tubbing is being carried out in a shaft or staple-pit in the
course of being sunk, the manager shall make and ensure the efficient carrying
out of arrangements to secure that it is thoroughly examined by a competent
person appointed by him immediately before or during each shift in which work
is carried out thereon, whether in the course of an inspection required by
regulations or otherwise,

72, (1} Any place where a person could fall off any cradle or platform on
which he works in a shaft or staple-pit in the course of being sunk shall be
protected by fencing or otherwise to prevent him doing so,

(2) While any person is at work on any such cradle or platform it shall be
secured to the side of the shaft or staple-pit to prevent it swinging and shall not
be moved except upon the direction of the deputy for that shift or an official of
the mine superior to the deputy.

(3) While any person is at work on any such cradle or platform which is
constructed of two or more parts hinged together, those parts shall be securely
bolted together.

73. At any shaft or staple-pit in the course of being sunk it shall be the duty
of the banksman to ensure that the top of the shaft or staple-pit and any landing
thereat is kept free of mineral or any other thing which might fall into that shaft
or staple-pit and cause injury.

74. No engine which is not fixed shall be used for raising or lowering any
person or thing in a shaft or staple-pit in the course of being sunk.

75. (1) In a shaft or staple-pit in the course of being sunk the provisions of
regulations thirty-two to thirty-nine of these regulations shall not apply in relation
to the determination or transmission of signals, but the following signals and
ne other shall be used for the purposes specified in relation thereto, that is to
say—

to raise up .. .. . - . .- .. 1
to lower down .. .. .. . .. . 2
to stop when in motion .. .. L .. . 1
when men are to be raised or lowered the person transmit-

ting the signal shall transmit a preliminary signal of .. 3

(2) In relation to any shaft or staple-pit in the course of being sunk the
manager may determine a signal to be transmitted to give any indication (other
than one for which a signal is specified in this regulation) and no person shall
transmit any signal which is not so specified or determined,

*No. 14 of the Mechanics and Electricians Regulations 1965, requires reports to be made on
these examinations. The appropriate form is M. & Q. Form No. 282.
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(3) No person other than the banksman, an official of the mine or a person
authorised in writing by the manager to transmit such signals shail transmit any
signal in any shaft or staple-pit in the course of being sunk.

76. (1) When anything is 10 be raised or lowered in any kibble through any
shaft or staple-pit in the course of being sunk, it shall be the duty of the deputy
for that shift or the banksman or other person authorised to transmit signals in
relation thereto, as the case may be, to ensure that it is properly loaded and in
particular that—

(a} no mineral* projects above the rim;

(b} tools, equipment or other materials for use or used in the mine are not
loaded together with mineral;

{c) when things which project above the rim are carried, they are securely
fastened to the bow or chains supporting the kibble;

(d) nothing capable of causing injury is adhering to the outside of the
kibble;

{e) when the kibble is being raised, it is in line with the pulleys and carefully
steadied. '

(2) When anything is to be lowered otherwise than in a kibble through a
shaft or staple-pit in the course of being sunk, it shall be the duty of the banks-
man or other person authorised to transmit signals in relation thereto to ensure
that it is safely slung.

77. No person shall ride on the edge of a kibble when being raised or lowered
thereby.

78. The person operating any winding apparatus at a shaft or staple-pit in
the course of being supk—

(a) when lowering the kibble, shall stop it eighteen feet above the point to
which it is being lowered and shall not lower it further until he has
received another signal to lower down;

(b} when raising the kibble, shall stop it four feet above the point from
which it is being raised and shall not raise it further until he has received
another signal to raise up.

79. If a shaft or staple-pit is being sunk through any rock or stratum contain-
ing or likely to contain water (whether dispersed or in natural cavities) there shall
be provided and maintained as a means of escape from the bottom of the shaft
or staple-pit to the surface or to some other place of safety, in any case in which
more than ten persons are employed below ground at any one time, at least four
ladders and, in any other case, at least two ladders.

ParT XIIH

Miscellaneous provisions

Provision of means of telephonic communication
80. (1) Where in any mine vehicles can be moved by means of rope haulage
apparatus or locomotives from a point at or near an entrance to a shaft or

*As defined in Section 182 (1) of the 1954 Act.
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