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MODERN JACKHAMMER DRILLS AT A SURFACE OPERATION

This hand-held machine weighs about 50 pounds and is actuated by com-
pressed air. The hammer strikes the drill steel, which is automatically
rotated, about 2,000 blows per minute. The jackhammer is' used principally
to drill holes in a downward direction.

The development of the jackhammer represented one of the greatest
advances in drilling technology. It not only is widely used in mining and
quarrying but is employed extensively for many other fypes of work. With
this tool a man can drill at least 20 times as rapidly as he could by hand.
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THE WPA NATIONAL RESEARCH PROJECT
ON REEMPLOYMENT OPPORTUNITIES AND RECENT CHANGES
IN INDUSTRIAL TECHNIQUES

Under the authority grantedby the Pfesident in the Execu-
tive Order which created the Works Progress Administration,
Administrator Harry L. Hopkins authorized the establishment
of a research program for the purpose of collecting and ana-
lyzing data bearingon problems of employment, unemployment,
and rellief. Accordingly, the Natlonal Research Program was
established in October 1935 under the supervisionof Corrington
Gill, Assistant Administrator of the WPA, who appointed the
directors of the individual studles or projects.

The Projecton Reemployment Opportunities andRecent Changes
in Industrial Techniques was organized in December 1935 to
inquire, with the cooperationof industry, labor, and govern-
mentaland private agencies, intothe extent of recent changes
in industrial techniques and to evaluate the effects of these
changes on the volume of employment and unemployment. David
Weintraud and Irving Kaplan, members of the research staff
of the Divisionof Research, Statistics, and Financewere ap-
pointed, respectively, Director and Associate Director of the
Project. The task set for them was to assemble and organize
the existing data which bear on the problem and to augment
these data by field surveys and analyses.

To this end, many governmental agencles whichare the col-
lectors and repositoriesof pertinent informationwere invited
to cooperate. The cooperating agencies of the Unlted States
Government include the Department of Agriculture, the Bureau
of Mines of the Department of the Interlor, the Bureau of
Labor Statistlics of the Department of Labor, the Rallroad
Retirement Board, the Soclal Securlity Board, the Bureau of
Internal Revenue of the Department of the Treasury, the De-
partment of Commerce, the Federal Trade Commission, and the
Tariff Commission.

The following private agencies jJoilned with the Natlonal
Research Project in conducting special studles: the Indus-
trial Research Department of the University of Pennsylvanla,
the National Bureau of Economic Research, Inc., the Employ-
ment Stabilization Research Institute of the University of
Minnesota, and the Agricultural Economics Departments in the
Agricultural Experiment Stations of California, Illinois,
Iowa, and New York.

Since September 1, 1939, the Project has been sponsored
by the National Resources Planning Board, Executive Office
of the President, Washington, D. C.
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One of the most time-consuming operations in the
extraction of minerals is that devoted to the drilling
of holes preparatory to blasting. A great deal of
effort has therefore been concentrated on the improve-
ment of drilling techniques. Since the introduction
g i th el fliSesiiE pirac Bl calltmechant cal s roekidniiieabout
1865, the progress of drilling technology has been
rapid and has increased labor productivity in all
fields of mining. The report herewith transmitted is
concerned with the types of advance that have been
made in drilling technology, with the rate at which
drilling has been mechanized, and with the effects
of its mechanization on production, employment, and
output per man.

Since about 4947, total employment in mining has
been decreasing and the increased productivity of
labor in drilling has doubtless contributed to this
decline. For example, the rate of drilling under-
ground with hand methods was about 4 feet per driller-
shift. About 4940 the piston drill was putting down
holes at the rate of roughly 20 feet per man-shift.
The hammer drill which replaced the piston drill ac-
complished at least 80 feet per man-shift.

Changes in drilling methods have also reduced the
proportion of the mine labor force engaged in drill-
ling and brought about changes in the nature of the
drilling job itself and in the aptitudes and skills
Tequired of the driller. Strength and endurance are
no longer so important as quick reaction time and
training in the use of mechanical devices. Individual
experience and skill are not so necessary as they once
were. To an increasing extent the drill operator
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drills in accordance with specifications prepared by
mine technicians.

It may be assumed that the demand for minerals
will maintain a moderate increase with the growth
of population and the continued expansion of industry.
The outlook for the near future, however, indicates a
minor reduction in the labor force employed in mineral
drilling unless the production increase is greater
Ehany aniti e ipaiicd s R hasiasiisTamiis s TStk el yainh a tiiit hio
tendency of greater production to increase employment
will be more than offset by technical advances con-
tinuing along lines followed in the ‘Tecent past.

Over a longer period forces of depletion will
necessitate the working of lower—-grade deposits and
the drilling and breaking of much greater tonnages of
ore and rock in order to obtain a given amount of
commercially useful product. In spite of the expected
continuance of advance in drilling technigues, and
assuming that the United States will continue to pro-
vide its own mineral supplies, it appears that long-
time forces will make for an increase in the number of
men employed in drilling at mines.

Respectfully yours,
“ -
‘C "'\'7 7‘-.,\_ %Q/

Corrington Gill
Assistant Commissioner
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PREFACE

This Project's reports have repeatedly pointed out that the kinds of
technical changes introduced and the rates at which they have been in-
corporated into industrial practice have had important effects on the
volume of production as well as of employment. In the extractive in-
dustries advances in the methods used in drilling operations have been
an important feature of these changes. Progress in this aspect of min-
eral technology has affected all the mineral industries and has been
closely related to technological developments in such other phases of
mine operation as loading and transportation of ore and rock. The de-
velopment of drilling technology in the bituminous-coal industry and in
petroleum and natural-gas production has been covered in other National

1

Research Project reports.® This report deals with rock drilling in other

important mineral industries.

The first rock-drilling machines, though heavy and cumbersome, brought
about enormous increases in the output per driller. As the machines were
improved, as new types were developed, and as management and labor became
familiar with them, their use became general in the mineral industries.
By 1909 all the basic types now used had become available. Further tech-
nical progress centered on improvements of motive power, materials, and
parts and the adaptation of machines to the requirements set by the
widely different conditions encountered in the various types of mining.
These later types of change are believed to have had, in the aggregate,
as large an effect in increasing the productivity of drilling labor as
did the initial shift frcm hand to machine work.

Advances in rock-drilling technology and gains in drilling productivity
have been closely related to technological progress in such other mining
operations as blasting, loading, transportation, and methods of extrac-
tion. The direct relation between rock-drilling mechanization and mining
employment is therefore difficult to trace. The immediate result of the
increased output per man in drilling tended to be a contraction of total
employment, but this has been largely offset by other factors. In the
first place, the lower drilling costs which have resulted from mechani-
zation and the improvement of equipment have been an important factor in
the vastly increased mineral production. This production increase, vital
1Willard E. Hotchkiss, F. G. Tryon, and Others, Mechkanization, Employment, and
Output per Man in Bituminous—Ccal Mining (WPA National Research Project in coopera-
tion with U. S. Department of the Interior, Bureau of Mines, Report No. E-§,
Aug. 1939); 0. E. Klessling, H. 0. Rogers, and Others, Pechnology, Employment, and
Output per Man in Petroleum and Natural-Gas Production (WPA National Research

Project in cooperation with U. S. Department of the Interior, Bureau of Mines,
Report No. E-10, July 1939).

xi
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xii PREFACE

in supplying the needs of an expanding industrial economy, increased the
total amount of drilling to be done. Another offsetting factor has been
the long-time tendency for grade of ore to decline. After the richest
ores are exploited, a proportionally greater amount of drilling is re-
quired to obtain a given quantity of commercially useful product from
progressively lower-grade deposits. Similarly, as the most accessible
deposits are mined, a greater volume of drilling is necessary tO remove
overburden or to develop underground workings. These tendencies have
operated in the past and may be expected to influence the volume of
drilling labor in the future.

This report was prepared by C. E. Nighman, of the National Research
Project, and O. E. Kiessling, of the United States Bureau of Mines, as one
of a series of studies conducted by the National Research Project in
cooperation with the Bureau of Mines under the direction of Dr. Kiessling.
The manuscript was edited and prepared for publication under the direc-
tion of Edmund J. Stone.

DAvID WEINTRAUB

PHILADELPHIA
February 6, 1940
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CHAPTER I
INTRODUCTION

The transition from manual to mechanized drilling and the subseguent
improvement of rock drills! have been among the most important technical
advances in mining and are closely related to the changing character of
the mineral industry in the United States and to the development of other
aspects of its technology. Progress made in the art of drilling is one
of the most important reasons why it has been possible to meet the demand
for minerals at constantly lower relative prices.® The success of ap-
plied technology in reducing unit drilling costs, which are chiefly labor
costs, followed from the greater volume of output resulting from each
unit of labor spent. C(ther reports of this series of Mineral Technology
and Output per Man Studies discuss the relationships between the changing
demand for minerals, technological progress, and employment opportunity
in the various branches of mining. Insofar as drilling improvement de-
creased the unit labor requirements it is of special interest in inter—
preting the record of rising output per man and of changes in total
labor requirements that accampanied technological progress in the mineral

industries.

THE STIMULUS FOR DRILL MECHANIZATION

With the great expansion of the railway network in the latter third
of the nineteenth century, engineers found it advantageous to bore rock
tunnels in overcoming obstacles of terrain. Such work, however, was time-
consuming and costly with the hand methods then in vogue, and railway-
tunnel construction provided a great incentive for the development of
a mechanical drill. About the same time the development of the west-
ern bonanza metal deposits provided a proving ground for underground
drilling machines in mining. However, as the bonanzas were soon depleted
and few new rich deposits were found, attention turned to the possible
exploitation of the lower—grade ore deposits. These deposits represented
the large-tonnage resources required by an expanding industrialism and

Note.- The authors are grateful to H. P. Sweeny, R. L. Kiessling, and E. Weinberg,
respectively mining engineer and research assoclates of the WPA National Research
Project, who conducted extensive background studies utilized in the preparation
of this report.

1Although the early manual drills were rock drills in a strict sense, the terms
"rock drill" and "rock drilling" are employed in this discussion as commonly used
to connote power rock drills and the act of drilling with them.

SReqr Tryon, T. T. Read, and Others, Technology and the Mineral Industries (WPA
National Research Project in cooperation with U. S. Department of the Interior,
Bureau of Mines, Report No. E-1, Apr. 1937), chart 2, facing p. 4.
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2 ROCK DRILLING

they could be successfully exploited provided the costs of mining were
reduced. Since, under the hand methods prevailing in the seventies,
drilling constituted the major fraction of total mining costs, mechani-
zation of the drilling operation provided a very great opportunity for
cost reduction.

A few examples will help to illustrate the importance of hand drilling,
with respect to both mining cost and labor required, in mining as it was
practiced more than a half century ago. In 1874 Professor Spilsbury
pointed out the "crying want of the Western miners for some cheap and
effective machine, capable of economizing on the heavy item of hand- -
drilling . . . . ." Reasoning from European experience, Spilsbury said
"fully two-thirds . . . . of the entire cost of mining is consumed by the
expense of drilling holes for blasting purposes" and, allowing for the
much higher American wage, he concluded that in this country "drilling
will probably represent »s per cent of the entire expense of mining."
In considering these broad estimates, it should be noted that Spilsbury
apparently used the term "mining" in a somewhat restricted semse to
cover operations immediately essential to breaking ground.® Nevertheless
his estimates were closely in line with actual costs prevailing in the
seventies at Michigan copper mines that were operating in moderately
hard rock. For example, at the Allouez mine in July 1876 nearly half the
underground men were engaged in stoping; if the men so engaged are in-
cluded with those employed on development work nearly 7o percent of the
labor crew was primarily occupied in drilling and blasting.*

The availability of a type of mechanical power that could be trans-
mitted to individual machines and used underground was another important
force aiding the development of the rock drill. Although pumping and
hoisting were early tasks of the steam engine, the mining process re-
mained essentially a hand operation throughout the greater part of the
nineteenth century. Neither the ordinary steam engine itself nor the
conventional method of transmitting power by means of belting and shaft-
ing was adaptable to the task of ore production. The technique of air
compression was already available, however, when the first practicable
rock drill appeared. It was utilized almost immediately to supply the
flexible type of mechanical power needed by such machines as drills which
were essentially powered hand tools and were operated under the widely
varying physical conditions encountered in mines and quarries.
5For the data referred to in connection with this early estimate, see E. Gybbon
Spilsbury, "Rock-Drilling Machinery," Transactions of the American Institute of
Mining Engineers, Vol. III, pp. 144-86.

47, Egleston, nCopper Mining on Lake Superior,n" Transactions, A.I.M.E., Vol. VI
(1879), D. 291. : A SOOI ¢
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INTRODUCTION 3

As the incentive for mechanization was strong and the mechanical means
available, technical advance of rock-drilling equipment was initiated.
The history of mechanical drilling now covers three-quarters of a century
of steady progress from the early crude, heavy machines, uncertain in
performance, to the lightweight, highly efficient rock drills that are
the most commonly used mechanical devices in mines and quarries today.
Throughout the period the technical improvement of drilling equipment and
practice has been a focal point of the technologists' attempt to lower
mining costs.

THE FUNCTION OF DRILLING

The role of drilling in the process of ore extraction explains why the
engineers' initial efforts to increase production and reduce mining costs
centered largely upon improving the technique of breaking ground. The
actual process of mining may be divided into three closely interrelated
Steps: breaking the rock at the working face, loading it into cars or
other conveyances, and transporting it to the surface or plant. The task
of breaking the rock - usually accomplished by drilling and blasting - is
the initial step in the extraction of ore and, as already noted, engages
a substantial part of the labor force.

| Drilling in mines and quarries serves two® principal purposes: to make
a cavity into which some form of explosive can be inserted and detonated
to break or shatter the rock, and to discover what lies beneath the sur-
face or beyond the working face by examining the cores or cuttings from
the drill holes. j

In underground mines the immediate object of almost all drilling is to
break rock, either in the work of development or in the stopes.® Fre-
quently the deposit is prospected from the surface before actual mining
is begun and if the ore body is continuous and regular its position and
extent may have been well delineated. When the ore deposit is irregular
additional prospecting from within the mine may be done by driving ex-
ploratory drifts, crosscuts, raises, or winzes,’ or by taking cores or
cuttings fram deep or shallow drill holes.®

5Holes are sometimes drilled for other purposes; for example, to carry electric
feeder lines underground, to provide entrance for water to quench mine fires, for
ventilation, etec. Such drilling, however, is comparatively unimportant in volume.

GA stope 1s a relatively large underground excavation from which the greater part
of the ore is obtained by means of a series of horlzontal, vertical, or inclined
workings in veins or large, irregular bodies of ore, or by rooms in flat deposits.

r7The term rralisen theoretically applies to any opening of limited cross section
driven up from below at an angle above the horizontal and the term "winze® applies
to any similar opening driven down from above. In practice both terms generally
refer to openings more than about 20° from the horizontal.

8c. F. Jackson anda J. B. Knaebel, Sampling and Estimation of Ore Deposits (U. S.
Dept. Com., Bur. Mines,Bull. No. 358, 1932), DD. 32-4, 43-73.
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4 ROCK DRILLING

In surface mines or quarries practically all prospecting - both for
locating and delineating a deposit - is donme by drilling. The same type
of drills employed for prospecting are also used to do most of the blast-
hole drilling.

Advances in drilling techniques have been closely related to the mech-
anization in other departments of mining. The incentive to develop
speedier and less costly methods of loading and transporting ore and
waste grew as improved methods of breaking the ore from the face in-
creased the tonnage broken per driller-shift and existing systems of
loading and transportation proved inadequate for efficient handling
of the larger production. As early as 1874 it was noted that the use
of dynamite and mechanical rock-drilling equipment was "doubling and
trebling the old rates of progress attained by hand drilling and black
powder."® On the other hand not all of the increased output per driller-
shift can be attributed to mechanical rock drills alome. FPart of the
greater efficiency can be credited to the early use of dynamite in place
of black powder, to improved methods of mining, better mine ventilation,
and other changes in mining practice that were either largely independent
of or influenced only indirectly by the use of rock drills.

SCOPE OF THE STUDY

This report describes the principal advances in the development of the
rock drill and the broad gains in drilling productivity resulting from
these improvements. In a large semse, progress in drilling cut across
all mining activity and to understand more clearly how improvements in
drilling practice affected the output per man and employment in the sev-
eral branches of the industry it is necessary to examine separately this
technical development. The material assembled for study was limited
mainly, however, to that concerning changes in the United States in the
following mineral industries for which special analyses were being con-
ducted by the WPA National Research Project in cooperation with the
United States Bureau of Mines; namely, the mining of irom, copper, lead,
zinc, and gypsum and the production of crushed and dimension stone.
Drilling progress in oil and gas and bituminous—coal production has been
discussed in other reports of the Mineral Technology and Cutput per Man

series. !0

gHenry S. Drinker, nThe Musconetcong Tunnel," Transactions, ARSIy N B VIO ST,
D. 248.

100. E. Kiessling and Others, Technology, Employment, and OQutput per Man in Petro=
leun and Natural—-Gas Production (WPA National Research Project in cooperation with
U. S. Department of the Interior, Bureau of Mines, Report No. E-10, July 1939)
pD. 75-119, 173-8; Willara E. Hotchkliss and Others, Mechanization, Employment,
and Output per man in Bituminous-Coal Mining (WPA National Research Project in
cooperation with U. S. Department of the Interior, Bureau of Mines, Report No. E-g,
Aug. 1939), I, 20-3. For a discussion of machine cutting see Hotchkiss and
others, op. cit., pP. 13-9.
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INTRODUCTION 5

Blasting, although essential to the ore-breaking process, is not cov-
ered by this report. The efficiency of drilling frequently is measured
in terms of the tonnage broken which results from the methods and equip-
ment used in both drilling and blasting. The development of explosives,
moreover, was closely parallel to that of the rock drill.l! However,
the labor time consumed in blasting has always been small compared with
drilling operations, which usually require 80 to 9o percent of the labor
directly engaged in breaking ground, and therefore this survey, although
limited to rock-drilling progress, covers the outstanding technical changes
in rock breaking which affected employment in mines and quarries, 1#

The following chapters discuss drilling technology and its relation to
mining employment and productivity. Chapter II contains a brief descrip-
tion of hand—drilling methods and of the shift to mechanized drilling.
Chapters III and IV present detailed descriptions of the various types
of drills used for underground and surface mining, respectively. The
purpose, development, construction, operation, and limitations of each
kind of drill are described, together with changes in motive power,
materials, and parts. Readers whose interest does not extend to the
details of mine technology may find it convenient to skip over these two
chapters. Chapter V outlines the factors influencing the productivity of
drilling labor and presents the available data on drilling productivity
with different types of drills and at different stages in their devel-
opment. In the concluding chapter the influence of changing drilling
technology on the volume of employment, on occupations and skills, and
on the health and safety of miners is considered, and the outlook for
employment and further technological change in drilling is discussed.

11Just before the first practical power rock drill was developed, Nobel patented

nitroglycerin in 1863 and in 1868 it was used in the Hoosac Tunnel, which also
served as the proving ground for the drill. A few years later the first successful
brisant explosive - straight dynamite - was manufactured and at once began to be
used by the miner.

1zDiscussion on a broader economic basis would require more attention to the
development of explosives. Explosives are available today, for example, in a large
variety of strengths, sizes, densitles, and types suitable for widely different
purposes. According to the circumstances, the use of improved explosives may
entall an Increase or a decrease in the amount of drilling work done in breaking
a given volume of rock. Notable progress has been made, moreover, in the safe
transport and handling of explosives, in increasing the certainty of detonation,
and in reducing the volume of noxious gases produced by explosion.

The reader Interested in the use of explosives in mining and tunneling will find an
account of the early types utilized in Henry S. Drinker's A Treatise on Explosive
Compounds, Machine Rock Drills and Blasting (New York: John Wiley & Sons, 1883).
A description of modern types and their applications is given in such manuals
and journals as the Blasters' Handbook and The Explosives Engineer, published
respectively by E. I. Du Pont de Nemours & Co. and the Hercules Powder Co.,
both of Wilmington, Del. A detailed story of their production 1s contained in
Arthur P. Gelder and Hugo Schlatter, Histong o{ the Explosives Industiry in America
(New York: Columbia University Press, 1827), and the U. S. Department of the
Interior, Bureau of Mines, has issued numerous publications related to explosives
production and use.
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CHAPTER II
THE TRANSITION FROM HAND TO MECHANIZED DRILLING

Before the Drake oil well was drilled at Titusville, Pa. in 1859 and
the construction of the Hoosac Tunnel was begun in Massachusetts in 186s,
underground and surface drilling ordinarily was done by manual methods.
For some time after the first power rock drills were introduced, more-
over, hand drilling continued to be widely used, both in competition
with the machines and under conditions where the early mechanical drills
could not perform satisfactorily. Rock drills, like many other machines,
were gradually developed from hand tools in the effort to replace human
energy with mechanical. A description of the principal hand—drilling ap-
pliances and techniques is helpful in understanding the more complicated
mechanical drills that have been developed. In addition, the effective-
ness of the hand methods provides a benchmark for comparison with the

work done by the first mechanical drills.

HAND-DRILLING METHODS

The manual tools employed most widely were of three general types,
the auger drill, the hammer-and-drill,and the churn drill. In addition
there was a crude forerunner of the hydraulic rotary drill utilizing both
men and horses or mules, but it was not widely used.

The Auger Drill

For prospecting! and boring blastholes in relatively soft materials
such as earth, slate, gypsum, coal, and soft iron ores, the most commonly
used hand-drilling tool was the auger drill. In its simplest form the
auger drill was similar to the carpenter's auger; however the auger drill
generally had a diamond (inverted, flat, V-shaped) or "fishtail" bit or
cutting edge. Its penetration was due largely to pressure and was as-
sisted materially by the scraping action that accaompanied the rotary
motion of the bit.

The earliest models and those generally used for earth and some soft
ores were hand-held. For light work they were operated by one man. This
type was ineffective in harder ground because the driller could not exert
enough pressure to cut the rock. Under such conditions the auger was
supported and was fed forward by a screw attachment, while other simple
1For a description of the use of the auger drill in prospecting cf. Charles Catlett,

nThe Hand Auger and Drill in Prospecting Work," Engineering and Mining Journal,
Vol. IXIV, No. 4 (July 24, 1897), P. 94.
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SHIFT TO MECHANICAL DRILLS )

FIGURE 1.— ORILLING WITH A HAND AUGER

The auger drill was one of the commonly used manual drills but was 1im—
ited to ﬁelative]g soft ground both for prospecting and blasthole boring.
In its simplest form it was held in the hands like a carpenter's brace.
In the above illustration the auger is supported by a column to which is
attached a feed nut that feeds the drill forward as the crank is turned.
In more complex forms of mountings power was sometimes applied through
gearing.
accessories such as universal joints permitted the miner to bore holes
close to a wall or roof. Thus, although hand power was still used, the
application of the simple mechanical principles of the lever and screw

marked a step toward mechanization.

The effectiveness of the drill was further increased by making heavier
machines mounted on columns or tripods, and by the use of gears with two
or more men frequently required to turn the crank. The auger drill could
be employed for boring in any direction but it was generally used for
"flat" or "down" holes.

The Churn Drill

The simplest form of the churn drill, or "jumper", consisted of an iron
or steel bar, usually 6 to 8 feet long, shaped into a pointed or chisel
bit at one end. The operator raised the bar and plunged? it against the
bottom of the hole, turning it slightly as he raised it for the next
stroke. Turning the drill in the hole presented a fresh rock face to
the bit, helped to keep the hole round, and prevented wedging or sticking
of the drill.

zDrills longer than the nball drillnm described below are allowed to fall freely
and not hurled against the rock.
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8 ROCK DRILLING

The effectiveness of this method of drilling depended on the force with
which the bar struck the bottom of the hole. This force varied with the
weight of the tool and the power applied to the stroke. Efforts to in-
crease the efficiency of hand churn drilling resulted in some changes
in the form of the bar. It was often made 8 to 10 feet in length and
1 to 2 inches in diameter, with a bit at both ends. To provide more
weight and a better grip for the operators the bar was enlarged near

the midsection to an egg-shaped mass or ball. For greater depths the
churn drill often was made of pipe to which a solid steel bit was at-
tached. With such drills, holes have been put down 25 to 30 feet in soft

ground. These heavy churn drills generally were worked by two and some-

times by three or more men. %

As pointed out, the hand churn drill was suited only to the boring of
relatively shallow holes. For greater depths the spring-pole drill - a
crude device but ome in which the elements of the modern churn drill can
be seen - was used extensively. This more complex form of the hand
churn drill consisted of an iron or steel bar with a chisel bit at one
end attached to a string of solid wooden rods (later replaced by iron)
% to 13 inches in diameter. The string of tools was suspended with
a rope and swivel from the free end of a spring pole. This consisted of
a small tree or pole inclined at about 15° to 30° to the horizontal
across a support or fulcrum with its butt end anchored or counterweighted
to balance the weight of the tools.

Like its simpler form this drill operated by percussive cutting. Power
for the downward or cutting stroke was manually applied Dy workmen to the
rope from which the rods were suspended. The downward motion of the
string of tools quickly depressed the pole and allowed the drill to fall
and strike a blow at the bottom of the hole. When the blow was struck

the men relaxed their grasp and the elasticity of the pole lifted the
string of rods and the bit into starting position for the next blow.

During the upstroke the tool string was turned.*

Since gravity was the most important factor in the operation of churn
drills they were used almost exclusively for boring vertical "down"
holes. This type of drill could be employed where the auger could not
cut but the work was extremely tiring and progress correspondingly slow.
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essentially very heavy churn drills, made use of animal power
this type were ever employed.

1ations in spring-pole drilling techniques
employed about half a century ago, Se€e Edgar G. Tuttle, nSpring-Pole Drilling,"
The School of Mines Quarterly, a Journal of Applied Science, Vol. XVI, No. 1
(New York: Columbia College, Nov. 1894), PpP. 1-26B.
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FIGURE 2.— HAND CHURN DRILLS

The upper illustration shows two men drilling a vertical "down® hole with
a simple hand churn drill. The operators alternately plunged the drill

against the bottom of the hole and raised it for the next blow. etween

blows the drill was revolved slightly to keep the hole round.

. The more complex hand churn drill, equipped with a spring pole, is shown
in the lower photograph. The drill bit is at the end of a string of wooden
or iron rods suspended from the spring pole. In relatively soft strata

ghls type of hand drill succeeded in boring holes 250 feet or more in
epth.
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10 ROCK DRILLING

Nevertheless the churn drill was widely used; spring-pole types commonly
drilled holes 2 to 4 inches in diameter 250 feet or more in depth.

The Hammer-and-Drill

The hand-drilling method employed most widely in quarrying and mining -
and particularly in metal mining where hard rock usually was encountered -
was the hammer-and-drill. Two tools were used, a hammer and an iron
or steel bar. The bar was usually $ to 1} inches in diameter and some-
what pointed or flattened at one end like a chisel.

Like the churn this drill worked by percussion; the hammer delivered
a succession of blows on the head of the drill which was turned slightly
after each blow. Unlike the churn drill, however, the cutting edge was
held against the bottom of the hole and the energy of the hammer blow
was transmitted through the steel to the bit end.

When one operator handled both the hammer and drill, the operation was
called "single-jacking." When one man held and turned the drill and
one or two additional men struck it, the operation was called "double-
jacking." Occasionally, in drilling deep holes, two men were needed to
1ift and turn the heavy steel and there were three hammermen.

In single-jacking a 4- or yi-pound double-faced hammer with $- or 3-
inch steel was used and the holes drilled were ordinarily 3 or 4 feet
deep. To achieve greater depths 8- to 10-pound hammers were used, the
size of the steel was increased and double-jacking became necessary be-
cause of the greater weight of the hammer and steel and because of the
increased friction between the drill and the sides and bottom of the
deeper hole. Holes were drilled by double-jacking as deep as 6 or 8 feet®
depending on the character of the ground. In hard rock this was about
the economic limit for double—jacking.

The hammer-and-steel could be used satisfactorily in all but the very
soft types of rock. Highly skilled operators could drill holes at all
angles but with widely varying efficiency. In general, holes could be
drilled most effectively when they pointed below the horizontal (in down-
holes the weight of the drill steel increased the force of the blow) and
less effectively when they pointed above the horizontal (uppers).

Tt is of interest to note that there was technical improvement even
in such simple manual equipment as the hammer-and-drill. The early tools
were made of wrought iron; later cast steel was used for the drill and
50ccasionally holes as deep as 30 feet have thus been drilled. Cf. George C.

McFarlane, nMethods and Costs of Excavating Granite in Open Cuts on the Grand Trunk
Pacific R. R.," Engineering - Contractimg, Vol. XXVIII, No. 22 (Nov. 27, 1907),

p. 301.
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FIGURE 3.— DOUBLE—JACKING UNDERGROUND

By this method, and using 8- or 10-pound hammers, holes could be drilled
to a depth of 6 or 8 feet in hard rock. A high degree of skill was nec—
essary to drill holes at all inclinations because considerable force and
great accuracy were essential to effective performance. Note the wrist and
arm positions of the hammermen.

steel faces were welded to the iron hammers. Still later the drills were
made of higher-grade rolled sections and the hammer head was eftirely of
steel. The hardness, temper, and durability of steel made it a superior
instrument and increased the output of the worker employing it.

The Empire Drill

The Empire or Banka drill was utilized in America to drill water wells
and in the Dutch Fast Indies to prospect for tin. About 1906 it was first
applied in alluvial-gold prospecting operations in the United States.®
It was a combined churn and rotary drill, worked by manual or animal
power and could bore to depths of 100 to 125 feet but was generally used
to drill much shallower holes.” This machine was a forerunner of the
modern power rotary drill.

The drilling equipment consisted of a pipe, a round platform, rotating
and driving devices, and drilling, pumping, and pulling tools. The pipe
was fitted with a toothed cutting shoe at the lower end and the platform

8J. P. Hutchins and N. C. Stines, mA B C of Empire Drilling - I, Mining and
Scientific Press, Vol. 102, No. 1 (Jan. 7, i911), p. 3e.

Robert 8. Lewls, Flements of Mining (New York: John Wiley & Sons, 1g33), p. 108.
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12 ROCK DRILLING

was clamped to the upper end. With the help of a driving ram the pipe
was driven into the ground until it could stand without support. A sweep,
operated by animal or man power, was attached to the platform to rotate
the pipe or casing. A combination drill and pump, screwed to rods and
worked by hand, was used as a churn drill while the pipe was being ro-
tated. The drill was driven into the ground by a combination of the
weight of the pipe and the platform, the weight of the drillmen who stood
on the platform, and the weight and jarring effect of the rods and tools.
As the rotated pipe sank into the ground a core was cut by the toothed
shoe and crushed and forced into the pump by the churning process. To
remove the core the pump was raised and emptied and then reinserted into
the pipe. As the platform approached the surface of the ground it was
unclamped and raised 3 or 4 feet along the pipe; drilling then proceeded
as before. Lengths of pipe and drill rod were added as required.

The unique feature of this drill - the constant rotation of the pipe -
enabled it to make fair progress into soft rock or unconsolidated strata
but it was quite ineffective in hard rock. Although depths exceeding
100 feet sometimes were reached, drilling became increasingly difficult
below 30 feet. Because of its lightness and portability the machine
found some use, especially where transportation was difficult and where

labor was very cheap, but in the United States it was rapidly supplanted

by more powerful and speedier powered types.

TRANSITION TO MECHANICAL DRILLS

Manual-drilling equipment gave way only gradually to power—drilling
devices. Although W. L. Saunders noted in 1913 that "the history of
modern mining engineering is closely related to the history of progress
in the art of building a rock drill . [without the rock drill] the
wealth of the world, especially in its gold, silver, copper, zinc, lead,
and tin, would have been enormously curtailed, limited by an inability
to increase the output in proportion to the demand, and further limited
by the fact that low-grade propositions could not have been worked at
all",® this statement was made at a meeting of mining men about 50 years

after the first mechanical drills appeared.g Within this half century -

and especially in the early period - the transition to the rock drill

8. L. saunders, "Rock-Drilling Economics," Transactions of the American Institute
of Mining Engineers, Vol. XIVII (1914), p. 149.
9However, the rock drill was not unappreclated during the early years of 1ts
existence. As early as 1877 George G. Andre wrote that "the most remarkable
advance which, in recent, or perhaps in any, times, has been made in the practice
of mining, consists in the substitution of machines for hand labour in rock
boring." See George G. Andre, 4 Descriptive Treatise on Mining Machinery, Tools,
and Other Appliances Used in Mining (New York: E. and F. N. Spon, 1877), I, 29.
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FIGURE 4.— COUCH'S ROCK=DRILLING MACH I NE
This ponderous steam-driven machine, patented in 1849, was one of the

forerunners of modern rock drills. The machine was provided with means
for alternately throwing the drill steel against the rock face and then
retracting it — in effect the principle that was applied later in the de-
velopment of the piston drill. An outgrowth of Couch's o
was the issuance of a patent in 1851 to one of his associat owle)
on a percussion drill with the drill stee] clamped to a pi d and
automatically rotated and with a mechanically operated valve motion. These
features were used successfully in the first practical piston drills.
Although the original Couch drill was used experimentally there is no rec—

ord of its commercial application.

was so slow that there was a notable lapse of time between the dates of
introduction and of general acceptance of the various types of machines.

The chronology of the development of rock-drill use in underground
mines shown in table 1 reveals a lag of almost 20 years between the in-
troduction of the piston drill in 1866 and its general acceptance about
188s. The drifter-type drill patented in 1897 was not accepted through-
out the United States until about 1909, although it did achieve wide use
in the West as early as 1g0s. There was a similar time lag before mechan-
ical drills developed primarily for surface operation were generally
adopted, as is indicated in table 2.1° The diamond drill, for example,
was first patented in 1863 but was not widely employed for prospecting -
its principal function - until the late seventies and early eighties; and
the power churn drill which appeared in 1859 was not generally adopted

1OAlthough the drills are classified in tables 1 and 2 in accordance wit heir
principal uses in mining, it should be noted that all drills included in table 1
have been used also in surface-mining operations. With the exception of the
dlamond drill which finds wide use in underground prospecting, the machines listed
in table 2 are employed almost solely for surface work.
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14 ROCK DRILLING

thole drilling until about
be fixed exactly and
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For example, although table 2 indicates
11y adopted for prospecting in 1903
this drill achieved a high degree
s as early as 1901
e drilling

1912.
do not include isolat
different fields of mining.
that the power churn drill was genera
and for blasthole drilling in 1912,
testing in auriferous-gravel deposit

of popularity for
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and by 1910 it was repl
in quarries.!

y that the period between the introduction and gen—
us types of drills was considerably briefer
as the jackhammer and the stoper. This
accessories — such as efficient
ad use and partly be-

he rock drill as

It is also noteworth
eral acceptance of the vario
for the later rock drills such
is largely because effective mechanical
air-compressing machinery — were then in widespre
cause both management and the miner had came to accept t

Table 1.- CHRONOLOGY OF INTRODUCTION AND ADOPTION

OF ROCK-DRILLING MACHINES IN UNDERGROUND MINING
IN THE UNITED STATES®

pproximate date

Date introduced =
of general acceptance

Type of machine

Piston drill 1885°
Drifter drill 1908-9
Plugger drill 1904-5
Stoper 19208-10
Jackhammer 1912
1904-07"

Power auger

d the diamond drill

nerally accepted, an
asthole work, but

infrequently for bl
from the surface.
Machine Rock Drills and

chines which were not ge
tor prospecting and

2pxcludes earlier ma
employed underground
principally for drilling

ﬂhich has been used
Ouenry S. Drinker, 4 Treatise on Explosive Compounds ,
Blasting (New YOTk: Jonn Wiley & Sons, 1883), PP- 222, 207-8.
dvertised that thelr

of the Burleigh drill a
in the Union, as well as in Europe

nufacturers
nd Mining Jowrnal, Vol. XIII,

Cpe early as 1872 the ma
drills were "now in use in nearly every State
and South America . .n From Engineering ¢

(Apr. 2, 1872), D- 221.

v Mines and Minerals,

No. 14
: s A. Hirschberg, "History of the Water leyner prill,
T X1, No. 3 (Oct. 1910), D. 148.
€4. L. Sinclair, "The Development of the Air—Hammer prill," Engineering and Mining
Jowrnal, Vol. LXXXIII, No. 16 (Apr. 13, 1907), D. 716-
¢ the Rock Drill in America," Engineering and

nDevelopment O

(oct. 28, 1919), DP. 8795 ginclair, op. Cit.,

. Hirschbersg,
wrnal, Vol. 108, No. 17

T
7
v

“Charles A

¥ining Jo

11 in America," D. 681.

nDevelopment of the Rock Dri

olliery Engineer ond Metal Miner, Vol. XIIL, No. 9 (Apr. 1883)
ttrey Electric Coal Drill," The Colliery Engineer and Metal
. 11 (June 1893), P. 256

Jeffrey, Jeffrey Manufacturing Co., Columbus, Ohlo.

iobert K.

:13. G, Cope, "A Comparison of Electric and Gasoline Driven Blast-Hole Drills,"
Engineering Neus, Vol. 64, No. 268 (Dec. 29, 1910), D. 722
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SHIFT TO MECHANICAL DRILLS 15

a practicable tool and because the mechanical weaknesses that had made
the first drilling machines unreliable and costly to operate had been
largely eliminated.

Factors Retarding Mechanization

The doubts of the management about the advisability of employing new
rock-drilling techniques centered primarily about the costs and the profit

Table 2.- CHRONOLOGY OF INTRODUCTION AND ADOPTION OF
ROCK-DRILLING AND CUTTING MACHINES FOR SURFACE WORK
IN MINING AND QUARRYING IN THE UNITED STATES®

Approximate date
Date of general acceptance in -
Type of machine intro— Billaste EDimensions
duced Prospect- hole stone
ing drilling| quarrying
Power churn drill 1859° 1903 1912 (¢)
Diamond drill 1864° 1880° (f) (g)
Hydraulic rotary drill | 1ssgl 1898 (1) (1)
Track channeler 18837 (1) (1) 1880
Wire saw 1900% (1) (1) 1928"

aExcludes surface-drilling equipment for the production of liquid and gaseous
minerals.

The channeler and wire saw are not drilling devices in the strictest sense of the
term, but they take the place of drills in dimension-stone quarrying and have had
a considerable effect on the employment of drillmen in quarrles where adopted.

®Jonmn F. Carll, "Report on the 011 and Gas Reglons," Annual Report of the Geolog-
ical Survey of Pemmsylvania for 1886 (Harrisburg, Pa.: 1887), pt. II, Dp. 597-0.
For detalls of this first power cable-tool rig see "Early Drilling and Production
Methods Indicate Mechanical Genius," The 0il and Gas Journal, Vol. 33, No. 14
(Aug. 23, 1934), Dp. 24-5.

COccasionally S0 used for the removal of waste capping or poor rock near the
surface as in slate quarrying.

dPatenced by the French engineer, Leschot, in 1883. An American drill was patented
and one bullt in 1884. In 1887 the Leschot patent rights were secured by American
companies which proceeded to develop and manufacture drills under them.

eFairly complete lines of prospecting drills were avallable about 1875 and they
found extensive use in the next decade.

fAn early use was for blastholes Iin Pennsylvania anthracite shaft sinking.

SThe diamond drill was used in the late sixtles to bore shallow nplug-and-feathern
holes, as well as for channeling and gadding. Diamond channelers and gadders were
quite widely used in the eighties and ninetles. Cf. George P. Merrill, Stones for
Building and Decoration (New York: John Wiley & Sons, 1891), Dp. Z39-42.

Authorities differ with regard to the date of introduction. Albert G. Wolf in
"The Rotary Method of Well Drilling,n Engineering and Mining Jowrnal, Vol. 108,
No. 5 (Aug. 2, 1919), Pp. 171-5, glves 1888 as the date Of the first well sunk with
a hydraulic rotary drill; Howard R. Hughes, "A Modern Rotary Drill," fransactions
of the American Institute of Mining Engimeers, Vol. LI (1916), p. 620, Teports the
date as 1880.
1Not used for this purpose.

JMerrill, op. cit., p. 338.

Approximate date. See Special Reports of the Census Office, "Mines and Quarries:
1902" (U. S. Dept. Com. and Labor, Bur. Census, 1905), p. 805.

1The wire saw fell into disuse after 1ts early employment in the United States.
It was successfully reintroduced in slate quarries by the U. S. Bureau of Mines
in 1928.
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16 ROCK DRILLING
possibilities of such changes. A simple comparison of direct expenditures
for labor and supplies — per foot drilled or ton broken with the machine
or with hand labor — was not adequate, for other important elements had
d in determining the complete cost of machine work. These

y the first cost of the rock drills and the subsequent

e but also the additional outlay for equipment tO Sup-—

In 1874, Spilsbury told a meeting of mining
onsiderably

ary capital

to be considere
comprised not onl
maintenance expens
ply and distribute power.
engineers that ithe expense of t
lessened, as at present but few can afford to invest the necess

for the air-compressing Nag

Doubts also arose about the operating effi
and were not without foundation, for th
es, and erratic in performance. Moreover the hard usage a
eives under even ordinary conditions provided a severe test
Because of inherent weakness of the materials and

his class of machines must be ¢

machinery and drills.
ciency of the early rock

drills, e machines were crude,

heavy devic
rock drill rec

for the new equipment.
the number of exposed moving parts it was difficult

maintain- in running condition, and many spare drills h
reserve tO assure continuity of work. There were also oth
problems such as removal of cuttings from the hole and pr
a flexible and automatic feed, and it was many years before the major

technical deficiencies were overcaome.

and expensive to
ad to be kept in
er difficult
ovision of

The factor of inmertia and resistance to sharp change on the part both

ers and management combined with other causes to retard the prog-—
At the time Spilsbury reported on the
g large number of men in

of min
ress of drill mechanization.®

t of rock drills he also noted that
prejudiced against the introduc-

114 gimilarly the miners often
1,15 although where the miners' union
it "did not prohibit the use of the
he security of employment
work. Some of
d the implica-

high cos
charge of
tion of machinery underground.
resented adoption of the rock dril
was strong, as on the Comstock lode,
power drill."*® The miners' chief concern was t
and the rates of wages rather than the new conditions of
the workers regarded with amusement the new contraption an
tions it cast upon their physical ability to handle the drilling job.

Almost periodically th trate

mining operations are greatly

e strong men came up from the mines to demons

12E. Gybbon Spilsbury, "Rock-Drilling Machinery, " Transactions, A.I.M.E., Vol. III,

p. 146.

13For a discussion of factors determining the rapidity of mechanization, including
the influence of psychological forces, see Harry Jerome, Mechanization in Industry
(New York: National Bureau of Economic Research, 1934), Dp. 3R7.

144,

14Spllsbury, op. cit., D.
165 1. Thane, "Stoping With Machine Drills," framsactions, A.I.M.E., Vol. XXIX
(1900, p. 775.

(u. S. Dept. Int., Geol. Survey, Mono-

185110t Lord, Comstock Mining and Miners
graph No. IV, 1883), p. 365.
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SHIFT TO MECHANICAL DRILLS 17

that muscle still could hold its own with mechanical contrivances, but,

superharmermen though they were the machine continuocusly won verdicts of
greater proficiency.

Extension of Mechanization

Despite all doubts and handicaps drill mechanization gained headway.
For example, as early as 1871 the Burleigh drill was available in the
West” and when the mine superintendents on the Comstock lode "could not
hire Chinese miners [they] made cheap servants of steam, compressed air,
and dynamite."'® In driving the Sutro tunnel the early drills (1874)
advanced the heading nearly three times as rapidly as hand drillers and
at a lower cost per cubic foot of rock removed. The sinking of the Yellow
Jacket mine shaft demonstrated the advantages of mechanical drilling in
driving a heading vertically,'® and exploration work in the California

and Consolidated Virginia mines in 1878 would not have been physically

possible without extensive use of the rock drill. These tests and others

in less notable camps indicated clearly that more extensive adoption
of the machines was inevitable.

In 1880 there were 257 rock drills in the gold and silver mines in the
United States; by 1902 this number had increased to 3,329, of which about
two-thirds were used in deep mines that produced three-fourths of the
total quantity of ore.?® (f the 122 copper mines reporting to the Bureau
of the Census in 1902, 34 were equipped with goo rock drills and pro-
duced six-sevenths of the year's total copper-ore output.®! Thus despite
the inherent weaknesses of the early rock drill and other objections to
its use, the machine had virtually proved its worth by the beginning of
the current century. Since then technical progress in rock drilling
has continued and has been an important factor in the rapid expansion
of the mineral industries. The principal technical changes that have
characterized the development of rock drills used for underground and
surface drilling are summarized in the two following chapters.

17A. E. Chodzko, "Machine Mine Rock Drills on the Pacific Coast," Mining and
Scientific Press, Vol. LXXXI, No. 16 (Oct. 13, 1900), D. 432.

18Lord, tocticits

191pi4., p. zes.

2OSpecial Reports of the Census Office, "Mines and Quarries: 1802" (U. S. Dept.
Com. and lLabor, Bur. Census, 1805), pp. 528-30.

®1rbid., p. 477.
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CHAPTER III

ROCK DRILLS USED UNDERGROUND*

—scale mining and handling techniques at
ant after 19oo, almost all metallic
Important technical advances
t on mineral pro-

Before the evolution of large
surface operations that became import
ores were obtained fram underground mines.
therefore had a much greater relative effec
nted a larger field of technical progress than in
e of improvement in rock drills used under—
ook place at a strategic point in a
s supplied virtually all of

underground
duction and represe
later years. The significanc
ground was large, for the changes t
production process at a time when that proces
the Nation's requirements for metals.

1 drills the principal features

After the shift from hand to mechanica.
on from the piston

of rock-drill progress underground were the transiti
drill, the gradual technical improvement of each

to the hammer type of
lity of drills in meeting various opera-

type, and the increased flexibi

ting conditions.

THE PISTON ROCK DRILL?

er of early machines that either proved impractical

Following a numb
8 the first rock drill

or were not actively sponsor
widely used in underground work w
pted for mining only after some years O
Construction of the Hoosac Tunne
xcellent opportunity for testing and impr
Speed in driving this g-mile railroad
e than low costs, and in seeking
ere tried. The machines

ed by manufacturers,
as the piston drill. This machine was
£ trial and development in
1 in Massachusetts
oving the

acce
tunnel building.
(1865-73) provided an €
available rock-drilling machines.
bore was held to be of greater importanc
to hasten the excavation various rock drills w

PRV R e
1The emphasis in this chapter is primarily on those rock drills used underground
that had an immediate effect on production and output per man. Prospect drilling,
which was not extensively pursued underground until the machine drills were rather
highly developed, affected production and output per man less directly. For

to labor requirements when

example, it increased ultimate production in relation
substituted for a more primitive form of prospecting (the driving of crosscuts

and raises and other forms of development work) that required more labor than

drilling.
In addition to the drills discussed in this chapter, the diamond drill is used

underground for prospecting. This drill, however, is described in the following

chapter with others used principally on the surface.

2The name "piston drill® is a misnomer, for all of the principal types of under=
ground rock drills have some form of piston. The term is probably & contraction
of "reciprocating piston drill."

3Early rock drills and rock-drill patents
Drill History," Compressed Air Magazine, Vol. 42,
More comprehensive accounts will be found in the various e
Drinker's Tunneling, Explosive Compounds, and Rock Drills.

are described by C. C. Hansen in "Rock=
No. 4 (Apr. 1837), DD. 5292-6.
ditions of Henry S.

18




UNDERGROUND DRILLING 19

were so costly - about $y00* - and broke so frequently that they were
soon discarded. In November 1866 the Burleigh drill was introduced and,
in an improved form, it was employed from 1868 until the Tunnel was com-
pleted.® In the West, mining men were given a striking demonstration

Plant [5th ed.; New York: John Wiley & Sons, 1930], pp. 1-2. This work also
discusses many modern drills.)

9The first type was a so-called "tappet" valve. The piston pushed against a
lever - the tappet - which moved the valve on its seat sSp that compressed alr was
alternately admitted to and exhausted from opposite sides of the piston.

L
& of the effectiveness of power drilling with Burleigh drills in the Sutro ‘
& tunnel on the Comstock lode in 1874.° By that time there were on the é
market three other makes of piston rock drills - the Rand, Waring, and ',é
o Ingersoll - and at least two railroad tunnels (the Musconetcong and the !
H
ki Nesquehoning) were being driven with the aid of machines.” The use of ;
5 the piston rock drill in tunnel driving, however, was merely a prelude ?
£ to its wider application in underground mining. i
R |
Development of the Piston Drill ‘ ?
gs e ;i / s S £
The principle of the piston drill was essentially similar to that of i
on ; ; 3 : : ; 1
the hand churn drill - cutting by percussive action. With this type §
ch 3 : : : ]
the drill steel was secured to an extension of the piston. As the piston ‘f
a- ; . |
and steel reciprocated and crushed the rock, the cuttings were removed "%
by the pumping or churning action of the steel in the hole. T_i
A1l of the earliest piston drills were of the same general type. They ‘;
ol consisted essentially of a cylinder containing a piston with a rod ex- il
011 tending through the front head and terminating in an enlarged section, .g
i called the chuck, in which the drill steel was clamped. Compressed air® i
i used as the actuating power was admitted to the cylinder through a me- -'5
e chanically operated valve® that formed an integral part of the rock—drill §
She assembly. The steel was rotated by means of a rifle bar and nut and a -QE
Lo ratchet-and-pawl mechanism. The latter engaged the rifle bar so that i
ing it was free to turn in one direction only. While the piston to which %
e the nut was attached made either a forward or a backward stroke the nut i
followed the rifling and rotated the piston slightly, turning the rifle i
?ﬁ? bar on the other stroke. Thus the drill steel was automatically and ?
‘ther i
For 4Henry S. Drinker, Tunneling, Explosive Compounds, and Rock Drills (New York: I
gﬁig John Wiley & Sons, 1878), p. 159.
than Srbid., p. 160. %
6nThe Sutro Tunnel and 1ts Projector," Engineering and Mining Jowrnal, Vol. XXVI, $
used No. 22 (Nov. 30, 1878), pp. 384-8. 3
wing “The Ingersoll drill was used in the Musconetcong Tunnel and the Burleigh in the %
Nesquehoning. g
der- 8steam was also employed but 1t was generally restricted to drilling on the g
*tion surface. Compressed alr was used to operate rock drills in 1850 or 1851 J% W, i
Fowle is credited with this achievement (cf. Drinker, op. cit., p. 164). Fowle's §
Rock= Improvement (patented 1851) of the original Couch drill also possessed such i
92-8. essential features of a practical rock drill as automatic rotation of the drill g
ry S. Steel and a mechanically operated valve. (Cf. also Robert Peele, Compressed 4ir é
g
i
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20 ROCK DRILLING

constantly rotated in one direction. This ingenious mechanism or a modi-
fication is used today in nearly all underground drills.©

On some of the
was ac-
How-

As the hole was deepened the drill was moved forward.
els the forward movement (commonly known as the feed)
d automatically by means of a ratchet and threaded bar.
1 Simon Ingersoll provided drills with a guide shell and
d feed screw that was more satisfactory than the original

early mod
complishe
ever, in 187
a hand-operate

positive feed and still is used on many mounted machines. A conical

uide shell fitted into a clamp on a column or bar,
ed directly to a tripod. This combination provided
int that made it possible to drill holes in any
n drill was most effective in boring vertical
of the drill steel, piston rod, and piston

projection on the g
or the shell was affix
a sort of universal jo
direction, but the pisto
down-holes where the weight
increased the magnitude of the blow.

the effectiveness of the machine depended on delivery

oving body of considerable weight and the impact on th
the piston machines were

Since of hard

blows by a m
and the strain of reciprocation were great,
cted in the hope of providing the required sturdi-

early piston drills and mountings weighed as much as a
half ton. These machines frequently broke down and the cost of keeping

them in running condition was very high. The first Burleigh machines,

over 50 hours without major repairs and four
11

e rock

massively constru
ness. Some of the

for example, could not run
machines were kept in stock £
Three of the early Ingersoll d
By 1873, however, the drills h
used for 3 months without repairs a
wards of a mile of ground."®

f the piston drill is one of continued technical progress.

or every one in operation at the face.
rills were required to keep one at work. 12
ad been improved so that one machine was
nd during "that time it drilled up-

The history O

After the early C
embodying improvements in design came on the market .
val acceptance of the drill by the mining industry,

ines adapted for specific uses constantly spurred

ouch and Fowle patents expired, a number of rock drills
Competition among

manufacturers and grad
plus the demand for mach
the makers to provide better drills.

10poya1 J. Day, "Rotating Mechanisms for Rock Drills," Engineering and Mining
Journa l-Press, Vol. 115, No. 28 (June 9, 1923), Dpp. 1017-23.

11p . Gybbon Spilsbury, "Rock-Drilling Machinery," Transactions of the American
Institute of Mining Engineers, Vol. III, p. 147.

12rpid.

13 otter from the Burleigh Rock prill Co., Engineering and Mining Journal, Vol.
XVIII, No. 16 (Oct. 17, 1874), D. 246. The urleigh Company contradicted the
charges of frequent break-downs and high costs made by Spilsbury (see Spilsbury,
loc. cit.). It 1s probable that he referred to the first model and they to the

n Improved Burleigh" of 1868.
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FIGURE 5.~ LATER MODELS OF THE PISTON DRILL

About a quarter century ago, when these phot ographs were taken, the pis—
ton drill was highly developed and probably the most widely used machine
for drilling blastholes. [t made possible about a tenfold increase over
hand drilling in output per driller-shift. The machine usually required
two men, one of whom had little to do except when setting up or tearing
down the drili.

. The upper illustration shows a typical underground machine in use in an
iron mine. The heavy double-screw column (used as a bar) was necessary
to withstand the shocks of the blows transmitted through the rigidily
coupled drill steel and piston rod. The lower illustrat jon shows heavy
models used for drilling Jgep holes in excavation for the Panama Canal.
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22 ROCK DRILLING

One of the early important improvements was the use of "side rods"
about 1875. Before that time the heads (end covers) were firmly bolted
to the drill cylinder and were not infrequently broken by the piston's
striking them. With the side rods, or long bolts, which carried small
coiled springs at the ends, the heads were pulled together against the
ends of the cylinder. With this arrangement the springs acted as buffers
if the piston struck a head and an inexpensive rod would be broken if the
blow was unusually severe.

As the rapidity with which rock could be bored depended partly on the
number of blows struck, much attention was given to study of valves in
the effort to increase drilling speed. The first step was to enclose
all of the valve gear, which eliminated much leakage of air as well as
breakage of the exposed parts. In the early eighties the use of the
ndifferential-air" valve came into use. This valve was operated by the
steam or air which actuated the drill and had no metallic connection with
the piston. Later auxiliary valves embodying the principles of the
tappet and differential-air valves came into use. There were numerous
modifications of the three principal types, and they increased the num-
ber of blows per minute three or four times.

Manufacturers were guick to take advantage of progress in iron and
steel metallurgy. An increasing variety of high-tensile-strength steels
and alloys became available and by 1897 piston drills weighing 210-250
pounds unmounted were On the market. About 1912 powerful drills weighing
one quarter less were manufactured. At the same time there were improve-
ments in air—compressor equipment and working air pressures were increased
from 4o to 6o pounds to about 70 tO 90 pounds per sguare inch.* This
aided in further weight reduction as it was possible to use cylinders of
half the diameter and still provide higher drilling speeds and greater
mobility than with the early models. The cost of the machines was also
reduced.

Disadvantages of the Piston Drill

Despite all of these improvements, the piston drill remained a compara-
tively cumbersome, heavy, and awkwardly mounted tool. The task of set-
ting up the drill, particularly in a small raise, was long and difficult.
In consequence, when it was found that a hole was inaccurately pointed
after the machine had been set up it was the usual practice to continue
drilling the hole as pointed rather than to spend the time and energy

14H. W. Seamon, "Relation of Air Pressure to Drilling Speeds of Hammer Drills,"
Transactions, A.I.M.E., Vol. IXVI (1922), pp. 755-6.
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UNDERGROUND DRILLING 23

required for resetting the drill. Two men were needed to set up the
machine, although with experienced and skillful machine runners and im-
proved models there was little or no work for the second man (a helper
commonly called a "chuck-tender") to do while drilling was in progress.1®
Attempts to reduce the weight so that ome man could handle the drill so
curtailed the drilling speed as to make the lighter drill umsatisfactory,
and the miners strongly resisted the use of a one-man drill. Moreover
the difficulty and unpleasantness of drilling holes sharply inclined
above the horizontal with the piston drill virtually precluded its use
for such work. Thus, the piston drill remained essentially a two-man
machine and its usefulness was limited to work on the levels and in those
stopes where almost horizontal or down-holes could be drilled.

Difficulty in removing cuttings from the drill hole was another fac-
tor that limited the drilling efficiency of the piston machine. Holes
pointed above the horizontal were drilled dry and if the holes pointed
steeply upward the cuttings fell out by gravity. Where the inclination
of the holes approached the horizontal or pointed downward, however,
the cuttings at the bottom of the hole cushioned the blow of the drill
bit unless the drilling process was interrupted and these chips and cut-
tings were removed with a spoon, swab stick, or blowpipe. In holes point-
ing below the horizontal, water usually was introduced by the chuck-tender
and mud was splashed out of the hole.'® As the hole grew deeper, however,
it became necessary to stop the machine from time to time, withdraw the
drill, and clean out the cuttings.

The reciprocating action of the drill steel and the length of the
stroke caused considerable friction loss which mounted rapidly when the
hole "got out of line" or became crooked and the steel had to be forced
around the bend at every stroke. Moreover, much energy was required to
overcome the inertia of the moving mass at the end of each stroke.

Despite its shortcomings the piston drill was widely used in mining as
the first practical mechanical drill for work underground. Not only did
it represent the important transition from manual to mechanical drilling
and the development of greater efficiency in the drilling process, but

15"The One-Man Drill," Engineering and Mining Journal, Vol. LXVIII, No. 18 (Nov.
10, 1804), p. 739. "The mine manager . . . . 1S doing his best to get rid of the
Cwo-man air drill, especially in stoping. Costs underground have long suffered
from that high-priced gentleman, the 'chuck-tender,' or machine helper, whose
business 1t 1s to tap the steel with a hammer when it sticks in a hole and is in
danger of 'fitchering,' to tighten a bolt and do other small services. atare
[He 1s] absolutely necessary to assist in 'setting up' or 'taking down' the machine
- - . . In effect, the chuck-tender is paid for a shift, while he i1s busy actually
less than 20 minutes in the hour."

16The water not only facilitated the removal of the cuttings but also Kept the
drill steel cool and thus aided in maintaining the temper and cutting edge of the
drill bit.
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24 ROCK DRILLING
the first decade of the twentieth century, it was virtually
Since then the piston drill
om used in either

also, until
the only drilling machine used underground.
has given way to the hammer-type drill and is today seld

underground or surface-mine operations.

HAMMER DRILLS

The disadvantages of the piston drill were serious enough to cause

engineers to cast about for a different kind of drill that would be

e in narrow places, and faster in bor-

cheaper to operate, easier to handl
They turned to one of the

ing through the rock than the piston machine.
earliest principles in rock-drilling techniques - that of the hammer-
and—drill. In 187 J. George Leyner developed a mechanical hammer drill
that soon challenged the position held so long by the piston machine.

Hammer-Drill Development

The hammer drill constituted a radical departure from the accepted
principles of mechanical rock-drill construction as embodied in the pis-
ton drill. In the hammer drill the piston moves freely in the cylinder
and strikes the drill steel, whereas in the other the piston is rigidly
attached to the steel and they reciprocate together. The work done in

drilling a hole is a function of the kinetic energy of the moving drill

parts and varies as the product of their mass by the square of their ve-

locity. In the piston drill the inertia of the large mass of the piston,
piston rod, and drill steel prevented the attainment of high speeds. The
moving part of the hammer drill (the hammer or piston) was smaller than
_the piston of the other drill and could reciprocate much more rapidly.
Thus the hammer drill with its free-moving or floating piston striking
light high-frequency blows could perform the same amount of work as the
heavier but more sluggishly acting piston drill.

So complete a change in operating principles gave rise to several tech-
nical problems upon whose solution depended the success of the hammer-type
rock drill. Among these was the necessity of devising a more effective
valve arrangement than that of the piston drill; for example, an air-
thrown valve was needed that had large openings and was quicker-acting.
Materials strong enough to withstand this rapid-fire action of the hammer
drill had to be developed as well as some method for cushioning the back-
stroke. Two other problems were the rotation of a steel not rigidly
attached to a moving piston and removal of the cuttings from the drill
hole without loss of drilling time. The latter was of utmost importance
to efficient utilization of the hammer drill, which has very small ampli-

tude of movement: for, unless the cuttings were removed and a fresh or
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UNDERGROUND DRILLING 25

clean rock face presented to the cutting edges of the bit, the chips
packed around the bit and prevented effective progress into the rock.

These were difficult problems and a relatively long time elapsed before
hammer drills were widely adopted for commercial use. In the first dec—
ade of the new century, however, they proved their value and in 1912
W. L. Saunders, a close observer of rock-drilling progress, felt suf-
ficiently sure of the usefulness and importance of the hammer drills to
tell the American Institute of Mining Engineers that "a hammer drill is
the modern progressive miner. It has practically done away with hand
drilling and in doing this it has largely increased the field of service.
There is no lonmger any question about the fact that it pays to use power
drills in all classes of mining."1?

Types of Hammer Drills

The early hammer drill was used for all kinds of drillingl® but special
models were later developed for particular purposes. By 1912 three types
of hammer drills were in widespread use for special kinds of underground
drilling - the stoper for up-holes, the drifter for relatively horizontal
holes, and the jackhammer for down-holes.

The Drifter Drill.- leyner's first drill utilized air blown through the
hollow drill steel for expulsion of cuttings, and in 1898 he produced
the Water Leyner,'® a similar drill which was the first to use a combined
stream of air and water. Because it was imperfect technically and because
no practicable method of rolling the necessary hollow steel was avail-
able, the drifter drill, as it is commonly called, was not widely used
except in the western mining regions until about 1g0g.2°

The drifter drill is one of the most widely used machines in mining.
It is an automatically rotating®! mounted hammer drill with hollow drill
steel and a piston containing a water tube which projects through the
front head of the machine into the hole in the steel. The front head of
the drill is constructed so as to permit the introduction of campressed
air at a higher pressure than the water which is forced through the water

17w. L. Saunders, "Rock-Drilling Economics," Transactions, A.I.M.E., Vol. XLVII
(1914), p. 1586.

Charles A. Hirschberg, "Development of the Rock Drill in America," Engineering
and Mining Journal, Vol. 108, No. 17 (Oct. 25, 1918), p. 676.

9Charles A. Hirschberg, "History of the Water Leyner Drill," Nines and Minerals,
Vol. XXXI, No. 3 (Oct. 1910), p. 148.

“0Ibid. The fact that six models of the Leymér drill had appeared by 1905 and
that Leyner had enlarged his factory provides the basis for the assumption that
the drifter drill had become popular rather early in its life.

21The partial rotation of a drill after each blow should not be confused with
the feed (manual or automatic) that moves the drill forward in the hole.
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FIGURE 6.— LATE-MODEL DRIFTERS IN AN AMERICAN GOLD MINE
The modern, wet drifter drills illustrated drill about twice as rapidly

as the piston machines. They are usually cne—man.machines. Some models
have an automatic feed in place of the screw feed illustrated. The small

size of the drill support contrasts with that shown in figure 5.
tube. By the principle of the injectorz2 the air mixes with the water
and forces it to the bottom of the hole.
greater part of the dust and the air ejects the m

The water wets and settles the
ixture of cuttings and

water from the hole.

227he injector is a device for introducing water into a steam boiler by the direct
action of live steam; the steam is blown through a nozzle that is continually
surrounded by water and thus a vacuum is created. The water rushes 1nto the
vacuum and the mixture of steam and water 1s forced along a feed Dipe into the

boiler.
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Rotation of the drill steel always has been automatically effected
in the drifter drill. The early models utilized substantially the same
rifle-bar and ratchet-and-pawl system as the piston drills, but in the
hammer drill the rotation was imparted first to a chuck-sleeve or bushing
that turns the steel. Some of the more recent models have been con-
structed with an independent air engine within the body of the machine
to rotate the drill steel. Although this engine adds about 20 pounds
to the weight of the machine it has increased drilling speed by greatly
reducing the considerable friction loss in effecting rotation by the
method first described and has added further to the drill efficiency
by providing a rotation completely independent of the hammer movement.

The early models of the drifter drill were fed forward by hand with
a feed screw and crank mechanism identical to that employed on the piston
drill. Recently automatic feeds have been developed for which increased
drilling speeds are claimed.

Although lighter than the piston machines the first drifters were still
relatively heavy pieces of equipment, weighing about 150 pounds unmounted.
Because the reaction to its light blows was much less than to the heavy
blows of the piston machine, however, lighter supports could be used.
Moreover, after it had been mounted - first in a shell and then on a tri-
pod, column, or bar - and set up for operation it required less work than
the piston drill. The drill steel of the drifter could be changed with-
out loosening or tightening nuts, and if the hole were free the change
took but a minute or two. Even the earlier models of the drifter drill
could be operated by one man, although a helper was usually employed.
The drifter also used less compressed air than the piston drill.

Every effort continued to be made consistent with good design to reduce
the weight of the drill. There are now three standard sizes of drifters
as well as heavier special models for long-hole work. The standard mod-
ern drills weigh 125 to about 180 pounds and have cylinder diameters of
3 to 4 inches. The heaviest machines used in very hard rock and large
tunnel jobs genmerally are two-man drills; the intermediate size is often
run by one man, or by one man with a helper serving several drills; the
smallest size is universally a one-man drill.

Comparisons of efficiency of the piston and the drifter drill usually
resulted in favor of the latter. Drill steel of smaller diameter could
be used with the drifter because the blows of the floating piston were
lighter. This one factor in itself meant greater footage per machine-
shift. As the hole became deeper the rate of drilling with the piston
drill diminished perceptibly because of the added weight of the longer
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28 ROCK DRILLING

drill steel and the increasing friction of the steel against the side of
The rate of advance with the drifter machine varied but little
provided of course that the bits were

the hole.
throughout the length of the hole,
of the proper gage and not dulled, and that the hole was free.®®

When the mounted hammer drill first appeared the piston machine was
r highly developed, and it continued to be improved. More-
r was reluctant to scrap old equipment until the
ial stage, and was unwilling to undertake
In certain instances

already rathe
over, the mine operato
new drill had passed the tr
the additional expense of providing a water supply.
the miners resented the one-man drill because of its possible effect upon
employment opportunities. The principal reason for the slow displacement
of the piston drill, however, was the long time that elapsed before a
satisfactory hollow drill steel was available for use in the drifter
drill. These difficulties were gradually overcame, and today the drifter
drill is used in all fields of mining. In underground work it is mainly

employed for boring horizontal or approximately horizontal holes, as
Tt works well in hard rock and

n it has been found par-
Its wide application at

well as for driving drifts and tumnels.
since the addition of the independent rotatio
ticularly well suited to soft or seamy rock.

surface operations is discussed in the section on surface drills.

The Stoper?4.— The stoper — a hammer drill mounted on an air feed-leg -

was introduced about 1906 by C. H. Shaw of Denver?® and rapidly achieved

especially for the drilling of holes inclined above

wide popularity,
Hand-held pneumatic

the horizontal and for work in stopes and raises.
drills26 were called stopers too and were used quite widely at the be-

ginning of the twentieth century. These were soon discarded, however,

because the task of holding the drills for u?-hole work was so severe

that many drill runners would not use them.?”

The modern stoper is an air-actuated hammer drill with a pneumatic

feed cylinder that holds the drill steel up against the working face.
to 3 inches in diameter - is provided with

This cylinder - usually 2%
In many drills

a piston attached to a rod terminating in a pointed shoe.

23, 4r111 hole is sald to be nfreen when it is straight, not rifled, and contains
no excessive amount of cuttings. Under such conditions, the drill runner can
easily turn the drill by hand or withdraw 1t without difficulty.

24110 name applied to this type of machine was probably due to the fact that 1t
performed its best work when drilling up-holes and was, therefore, used primarily
in stopes.

25yirschberg, "Development of the Rock Drill in America," p. 879.

285, tne discussion of "hand-held hammer drillst later in this crapter.

nThe Development of the Air-hammer Drill," Engineering and Mining

Jowrnal, Vol. LXXXIII, No. 15 (Apr. 13, 1907), P. 7i56. "It was next to impossible
to get men who would hold the machine over thelir heads and drill uppers. One could
not blame the drill runners, as it was certainly an awful task to set a men at, and
only the very strongest could stand it for any length of time.n

27y, 1. sinclair,
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UNDERGROUND DRILLING 29

the hammer both strikes and acts as a valve and the machine is, there-
fore, called a "valveless" drill. Generally, to prevent cuttings from
working into the drill and to prevent the unshanked drill steel from
following the hammer down, a small piece of steel called the "anvil block'
is interposed between the hammer and drill steel.

FIGURE 7.— AUTOMATIC—ROTATING WET STOPER

This type of hammer drill was developed about 30 years ago and was
quickly accepted because it greatly simplified and lightened the task
of drilling holes that were inclined above the horizontal. As it is self-—
supporting and of moderate weight, it has always been a one-man machine
and generally averaged a high footage per shift compared with other under—
ground drills,

Indrilling upward—pointing holes the cuttings fall out by gravity. The
high cutting speed of the stoper aggravated the dust hazard when the holes
were drilled dry. wet stopers became available about 20 years ago but
there was some objection to their use at first because of the annoyance
caused by water and mud falling on the drill runner. The addition of
automatic rotation to the wet stopers overcame that objection and the dust
meénace has been greatly reduced where such models are used.
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30 ROCK DRILLING

To set up the stoper, the drill is inserted in the chuck and the pointed
shoe at the end of the piston rod is placed against some sOrt of solid
footing - the wall, muck pile, or a temporary platform. As the air valve
is opened the drill is raised on the feed-leg until the steel comes into
contact with the rock. Further opening of the valve begins the actual
drilling. In some types the admission of air to the feed-leg is inde-
pendent of that to the drill proper; some of the latest models have a pair
of such feed-legs with independent controls which provide a substantial
support for the drill, make it easier to start a hole on a slanting sur-
face, and permit the operator 1o perform other incidental duties while

the drill is running.

As first constructed the stoper was hand-rotated, and the drill runner
constantly revolved the whole machine through an arc of about go de-
grees by means of a short arm projecting at right angles from the drill
cylinder. In 1921, however, the familiar rifle-bar and ratchet-and-pawl

system was applied to the stoper. It became quite popular but has not

been universally adopted because it adds considerably to the weight and
initial cost of the machine; hand-rotated stopers weigh 60 to go pounds,
self-rotating models 8o to 120 pounds.

The problem of keeping the drill hole clear of cuttings, so vital to
the commercial development of the drifter drill, presented no serious
obstacles to the use of the stoper. In up-hole work the force of gravity
causes the cuttings to drop out of the hole and there was no great need

for hollow steel. The dust that resulted from drilling with solid steel,

however, was a serious hazard to health. The dry stoper was nicknamed

the "widow-maker" by the drill runners because of the numerous cases
of pneumoconicsis (a disease of the lungs caused by habitual inhaling
of minute mineral or metallic particles) resulting from its use. To
overcome the dust hazard an external spray of water that played on the
collar of the hole was used but it was both inconvenient and ineffective

and the miners would not use it unless closely supervised.

Soon after a camercially feasible method of rolling hollow drill steel
was developed a water attachment similar to that used with the wet drifter
was adapted to the stoper. Hand-rotated wet stopers proved unpopular

because the water dripped on the hands and arms of the drill runner

and the water hose made turning the drill harder. The heavier self-

rotating type, however, gained headway despite the fact that its use

presented certain difficulties. The use of a wet stoper involves the

additional burden of dragging a water hose to Or with the machine and

providing a water supply in stopes. In steep or narrow raises, the
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UNDERGROUND DRILLING 31

water line and the greater weight of the drill add materially to the
amount of labor and the difficulty of carrying and setting up the machine.
Furthermore, the machine runner inevitably is spattered with mud and
water that drip from the hole, and consequently he must stop frequently.
Because of the inconvenience and loss of time the operators sometimes
prefer to "drill dry and eat the dust", especially in those mines in
which payment is made on a basis of footage drilled per driller-shift.
It is encouraging to note, however, that growing realization of the dan-
ger of dust to the health of the worker as well as of the increased drill-
ing speed obtained where wet stopers are employed?® has evoked a decided
trend away from dry drilling.

The drifter and stoper were quite similar technically yet their his-
tories and fields of application have been quite different. The drifter
was first introduced in 1897 and the stoper about 190s-06, but the lat-
ter was generally accepted before the drifter because of the difficulty
in developing a satisfactory method of removing cuttings from drifter-
drilled holes and the more pressing need for an up-hole drilling machine.
The piston drill could bore both horizontal holes and uppers but it was
quite unsatisfactory for the latter.

The stoper is used almost exclusively for up-hole drilling and the
drifter for horizontal because of the differences in the kind of mounting.
The pneumatic feed of the stoper is an integral part of the drill and
holds the steel up against the working face. The drifter, on the other
hand, is placed in a cradle or shell that is mounted on a column or bar,
and the drill steel is fed forward to the face by a crank-and-screw mech—
anism or by an air-actuated automatic feed. Occasionally the stoper is
used to drill horizontal holes by mounting on a bar or by simply laying
it flat with the foot resting against saome stop.

Hand-Held Hammer Drills.- More closely akin to the stoper than the
drifter drill were the light hand-held harmer drills,2® the plugger, and
the jackhammer.30 They were developed fram the early pneumatic chipping
and riveting hammers in common use about 19oo. The efficiency of these
pneumatic tools was due to the fact that the nonrotating reciprocating
hammer was so light that high speed could be obtained without great air
consumption and little power was wasted in overcoming inertia.

28 ucten Eaton, "Rock Drills and Accessories, " Engineering and Mining Jowrnal,

Vol. 134, No. 2 (Feb. 1933), D. 88.

29About 1884 Sergeant had built a hammer drill and before 1890 Shaw had experi-
mented with the same type but as hollow steel was then unknown they found no
application in mining.

30In this report the term ®plugger® refers to the hand-held, ‘hand-rotated hammer
drill; njackhammern, to the automatic-rotating, hand-held hammer drill.
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32 ROCK DRILLING

The Plugger.- The hand-rotated plugger was used principally for

block-holing,®! and light work that did not require holes of more than

3 to Y feet. 1132 weighed 14 to 65 pounds, had a cylinder diameter of
155 to 2 inches, and usually was less than 2 feet long.

Bither solid or hollow steel % to 1 inch in diameter was used with

the plugger rock drill. Where hollow steel was used the holes were kept
clear of cuttings by discharging exhaust air at the bottom. This drill
was also equipped with a simple device to permit live air to enter at

the bottom of the hole and remove chips not cleared by the exhaust air.

It was a popular machine®® and the forerunner of both the stoper and

the jackhammer.

The Jackhammer.— The plugger, Stoper, and drifter together furnished
y with a combination of hammer drills that could be
inconvenience, perhaps - tO any conditions
There persisted, however,
ess

the mining industr
adapted — with some slight

encountered in underground rock drilling.

r a machine light enough for one man to operate and 1

a demand fo
r the

ed in its field of application than either the stoper O
plugger. The jackhammer, introduced in 1909, filled this demand sO sat—

ctorily that it rapidly became the most popular type of drill for
sinking, for

restrict

isfa
down-hole drilling underground in rock and ore, for shaft
quarrying, and for coal mining.

and-held hammer drill having the common rifle-bar

The jackhammer is a h
Heavy models are

rotation and usually is motivated by compressed air.
used for holes as deep as 15 10 20 feet. The standard present-day jack-
hammer has a cylinder diameter of 2% to 2% inches and weighs 40 tO SO
s - considerably less than the early models which usually weighed

about 100 pounds. Other models weighing from 25 tO 115 ponnds are avail-
able for special kinds of work. The lightest machines are used for block-
holes, hitch cutting, etc.; the heavier models for heavy drilling tasks

in extremely hard rock, for shaft sinking, and for some quarry work.

The problem of the removal of cuttings, especially in down-hole work
where the jackhammer is most useful, already had been solved in the

drifter drill. The earliest jackhammers, like the pluggers, used air to
about 1911 the wet machine came on the market.

pound

blow out the cuttings, but
It used hollow steel 2 to 1 inches in diameter and a water-air jet like

31B10ck—-‘n011ng 1{s a method of breaking large boulders or rocks by firing a charge
of high explosives in a shallow hole.
these drills, called a "plug" drill, was employed in quarries
to drill holes a few inches deep in which were placed the "plugs-and—feathers“
that were used to separate blocks of stone. The steel was turned with a wrench.
33)n editorial, "The Hand-Hammer Drills," in the Engineering and Mininf Journal,
Vol. LXXX (Sept. 9, 1905), p. 450, reciting some of the characteristics of the
hand-hammer drill, sald that this drill had "come to stay."

52The earliest of
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UNDERGROUND DRILLING 33

FIGURE 8.— A WET JACKHAMMER IN AN UNDERGROUND MINE

This machine has the widest utility of the hammer—drill group. Though
intended as a down—hole drill it is sometimes used unmounted io drive
horizontal passages. When the drill is so used considerable strength and
endurance are required.

With simple changes the jackhammer may be converted in a few minutes into
a light drifter or stoper and it thus serves as an all-purpose tool for
the small mine or prospect where the ground is not so hard as to require
a heavier or more powerful drill.

that of the drifter. In shallow work, however, such as block-holing,
dry drilling is still common practice.

The mobility of the jackhammer, from which results a great part of
its popularity, is due not only to its lightness but also to the fact
that it need not be mounted for either down-hole or breast work. It is
equipped with a bar handle by which the operator holds the machine when
drilling or while carrying it from place to place. If necessary, however,
it can be placed in a shell and mounted on a column or bar like the
drifter or piston drills or on an air feed-leg like a stoper.
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34 ROCK DRILLING

In addition to the standard models, there is a light jackhammer that
weighs about 40 pounds and uses solid twisted auger steel. This drill,
which combines the percussive action of the hammer drill with the rotary
motion of the auger, has been employed widely in certain soft ore, coal,
and nonmetal mines.

The advent of the jackhammer was a milestone in the evolution of under-
ground drilling equipment and provided overwhelming evidence of the
advantage of the machine over human muscle for work underground. The
frequent arguments and contests between the advocates of mechanical drill-
ing and hand drilling were finally settled in August 1912, when the last
match between hand and power drilling was staged at Calumet, Mich. An
observer reported that "a three-man double—jack team of the best drillers
in the copper country was pitted for a money prize against a small hammer
drill of the Butterfly type [so-called from the fluttering action of the
thin plate valve] . This machine was operated by one man. The drilling
was in a block of Cape Ann granite, 60 inches thick. The three-man
drilling team started with a 13-in. bit and finished with a %—in. bit.
The one man with the Butterfly used a >-in. starter and finished with
a 1%—in. bit. It required 14 min. for the machine to drill entirely
through the block (60 in.), while the hammer-and-drill squad put in a
49-in. hole in the same time. The machine did 20 per cent. more work
with one-third the labor cost. As a matter of fact, no such rate of
hand drilling . . . . could be maintained over a working shift, while
there is no reason why the machine drill should not keep up its speed
indefinitely."®* The superiority of the hammer drill was no longer open
to question.

THE POWER AUGER DRILL

The mechanical auger is the power-propelled counterpart of the manual
auger drill. Like its predecessor it has operated most effectively in
relatively soft formations and has not been used in hard rock. Its ap-
plication has been limited to such soft materials as coal, soft iron ore,
clay, slate and gypsum, cement rock, and soft limestone.

The introduction of electricity into mines about 1890 aided mechani-
zation of the aumger drill since the electric motor was an ideal prime
mover for a rotating device. Late in 1893 electric augers were put into
use in coal mines.®® They were reported to have been especially designed

345aunders, loc. cit.

[~

35pred J. Platt, M"Electric Mining Machinery," The Colliery Engineer and Metal
Miner, Vol. XVII, No. 11 (June 1897), p. 485.  Cf. also trade note in The Colliery
Engineer and Metal Miner, Vol. XIII, No. 9 (Apr. 1893), p. 207; and "The Jeffrey
Electric Coal Drill," The Colliery Engineer and Metal Miner, Vol. XIII, No. 11
(June 1893), p. 255.
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UNDERGROUND DRILLING 35

for "anthracite mining . . . . , taking down roof, or general rock work"
and to have been tested on "rock" and sandstone.?® Compressed-air models
were available by June 189s.37 Like other drills the power auger did not
at once attain widespread use and in 1897 an observer stated that the
"use of power drills in coal mines where electric and compressed air
plants are installed has not in the past received . . . . [the] consider-
ation . . . . warranted."®® Tt was not until 1900 and 1903 that the
electric and compressed-air types were introduced into other than coal
mines.2®

The twisted or spiral steel of the power auger is attached to a ro-
tating rod, and the drill bores by cutting and scraping. The chips are
removed from the hole by the screw action of the steel. The necessary
rotary motion is initiated by either a compressed-air engine or an elec~
tric motor. The lighter models may be held by one man and are fed forward
by pushing against the drill. Heavier types generally are mounted on a
tripod, column, or bar or (as is frequently the case in coal mining) are
placed directly on the coal-cutting machine or upon a separate truck.
In such instances the feed is effected by moving the drill up to the
face or by means of a slotted (splined) threaded shaft in which the drill

steel is clamped.

Where conditions for its use are favorable the power auger has advan-
tages over the usual hammer drills. These are in large measure inherent
in the rotary compared with the percussive method of boring. In general,
mechanical augers are also lighter than the corresponding unmounted and
mounted hammer drills, for it is possible to use the simple, compact, and
highly efficient electric motor or the relatively efficient rotary air
engine for the power-auger drive. The power consumption of mechanical
augers is also much lower than that of hammer drills. For example a
mounted air-driven auger drill requires about one-third to one-half as
much air as a light mounted drifter and somewhat less than a medium—
weight jackhammer. The electric motor is correspondingly more efficient
than the campressed-air engine.

Important betterments in the power auger were a reduction in weight of
the motors and an increase in their safety, reliability, and efficiency.
The earliest models required mountings, and two men or a man and boy or-
dinarily were used to run them, but later models were one-man drills.

38yNew Electric Coal Drill,n Engineerin% and Mining Journal, Vol. LVII, No. 23
(June 9, 1894), p. 536. Underscoring supplied by authors.

37This Informatlion was kindly supplied by Robert K. Jeffrey, Jeffrey Manufacturing
Co., Columbus, Ohio.

®Brpower Coal Drills, " The Colliery Engineer and Metal Mimer, Vol. XVIII, No. 2
(Sept. 1897), p. 80.

39See ftn. z7.
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36 ROCK DRILLING

There are now light hand-held types, as well as a powerful model for
drilling horizontal large-diameter blastholes.40 Auger steel generally is
larger in diameter than that used for the drifter drill and is obtainable
in sizes large enough to bore a s- Or 6-inch hole. The quality of auger
steel, moreover, has been greatly improved. Detachable bits were pro-
vided for the auger drill even before power was applied to it and about
20 years before such bits were used with percussive drills.*!

A substitute for the power auger adopted for use in some metal and

including coal) mines is a light hammer drill of the jackhammer
The cutting is done by both percussion

nonmetal (

or stoper type using auger steel.
and scraping and this drill will penetrate harder ground than the simpler
power auger. Its special field is in those mines equipped only with a
compressed-air system where dust is not a hazard and where a dual-purpose
drill is desired. Although ordinary hammer drills were first used for
such work, later models were developed that rotated more strongly and

rapidly and struck a lighter blow than the standard machines.

Data on the effectiveness of the mechanical improvement of the drill
auger are not available but the general effect of these changes can be
illustrated by a few examples. In 1870 tests made in some English coal
mines with the manual threaded-bar auger showed that one man could accom-
plish 4 to 12 times as much with this machine as with a jumper or hand
churn drill.4? Twenty years later, when the hand drill-auger was quite
commonly used in coal mines in this country, it was claimed that an im-
proved model "will drill s or 6 holes with the expenditure of less labor
and time, than will be expended in drilling one hole by the old [hand-
churn] method."#3 Early electric-powered models showed further important
gains over the most effective hand machines. At one colliery the cost of
taking down rock in a heading with an early electric auger was reported
as $3.74 per yard compared with $6.00 with the hand auger.** Later types
of portable electric or compressed-air augers operated by a man and boy
could drill a hole 6 to 7 feet deep in about 1% minutes, while by hand

it would have required 20 tO 40 minutes.4® Modern power augers have

still higher drilling speeds.

40npyuger Drills 50-Ft. Horizontal Holes," Engineering and Mining Journal, Vol. 134,
No. 2 (Feb. 1833), p. 85.

41yrhe Cyclone Mine Drill,n The Colliery Engineer and Metal Miner, Vol. XIII, No. 3
(Oct. 1882), D. 64.

42"Boring by Machinery," Engineering and Mining Journal, Vol. X, No. 15
1870), D. 228.

43wp1ttenbender's Improved Mine Drills,
Vol. XII, No. 1 (Aug. 1861), p. 16.
44p1att, loc. cit.

45ypower Coal Drill," Mines and Minerals, Vol. XXV, No. 5 (Dec. 1904), p. 238

(oct. 11,

n Fhe Colliery Engineer and Metal Miner,
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FIGURE 9.— A JACKHAMMER AUGER IN AN IRON MINE

The ordinary auger drill bores by a scraping action and this limits its
application to relatively soft materials. The field of usefulness of t he
rotary borer was expanded to include moderately hard rocks such as iron,
phosphate, salt, and other ores (where the dust hazard was slight) by com-
bining the percussive motion of the jackhammer with the rotary bit motion.
At first the regular types of hand-held hammer drills were used but later
special models which had a stronger rotation and struck lighter blows were
developed. Under certain conditions this type of machine is displacing
the ordinary electric or air-driven auger drills.

CHANGES IN MOTIVE POWER, MATERIALS, AND PARTS

Since 1912, advances in the art of mechanized rock drilling underground
have been confined largely to improvements in the existing types of
drilling machines through the development of new materials and parts,
through stronger construction, and through changes in kind and amount of
motive power employed. With the aid of. such improvements great strides
have been made in accelerating the rate of drilling and in reducing ex-
penditure of both time and of energy. The net results of these changes
have been translated into savings in repairs and indirect labor costs
as well as into lower direct costs of drilling per foot of hole.

Changes in Motive Power

Early in the history of the mechanical rock drill it was apparent that
the kind and amount of power consumed by a rock drill were very important
factors in the effectiveness of the machine, and much effort has been
made to improve drill motivation. The first powered rock drills were
actuated by steam,“® and though fairly satisfactory for tunnel work they

*GAnumber of hand-powered percussive and rotary drills have been patented but
none became commercially significant.
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47 Air-compressing ma-

could not be used widely in underground mines.
11 came on the

available when the first practical rock dri
market and it was a simple step to substitute compressed air for steam.
The increased demand for air cOMPressors that followed this development
r design, capacity, and efficiency along with
The rock-drill manufacturer early began to
eading drill manufacturers are among the

chinery was

led to improvements in thei
those in the rock drill.

build compressors and today the 1
outstanding constructors of air-compressor equipment.

the beginning there has been an almost constant tendency toward

From
the use of increased air pressures with rock drills. Until recently the
possibilities of using air pressure of about 100 pounds Or mOre per
ials used

square inch were largely limited by the weakness of the mater
in the construction of drilling machines and drill steels, and by the
great emphasis placed on reduced weight. To be strong enough to operate
vely high pressure the earlier drills had to be very heavy,

g rate was obtained only at the expense of consider-—
f the steel, and of higher

under relati

and a higher drillin
ably more steel breakage, of rapid dulling o
repair costs.*® Improvement of the quality and strength of drill steel

and the development of strong but light materials for drill construction
opened new possibilities for accelerating the speed of drilling by apply-

ing higher air pressures.

Many attempts have been made to actuate rock drills by electric power.
ame upon the market and

Although they required
d-air piston drill no
v motion of the
o the operation

Between 1900 and 1910 Seven Or more such drills c
a few managed to obtain a temporary foothold.

only about one-third the power of the compresse
marked success attended the attempts to convert the rotar
motor into the reciprocating action essential t
The maintenance COST Was excessive and much
Several pulsator-type piston drills,

known as electric air drills, appeared about 1902.%° The first were
ul, but experimentation with them continued and by 1914-15 they,

and it was reported that they consumed less
50

electric
of percussive rock drills.
time was lost from break-downs.

unsuccesst

were being used rather widely,

power and drilled more rapidly than the ordinary pneumatic machines.

47,p0ck Drills,n Mines and Minerals, Vol. XXV, No. 10 (May 1905), D- 487
48p. y. Hitchcock, MALT Required to Operate Rock Drills," Mines and Minerals

vol. XXV, No. 10 (May 1905)s D- 487.

49This machin a small electric air compressor and &
simplified rock drill without valves, side rods, and other minor parts. The
compressor was connected by two short hoses to the drill whose piston was actuated
by the pulsations of compressed alr. Since the air was not exhausted but was used
merely as an elastlic power-transmission medium in a closed circuit the power
requirements were low.
50pavid W. Brunton and John A. Davis, Safety and Efficiency in Mine Tunne ling

(U. S. Dept. int., Bur. Mines, Bull. No. 67, 1914), PD. 111-2.
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The initial cost of these drills was high, electric-transmission lines
had to be provided for their use, and the closely coupled compressor-
drill combination was so bulky and awkward to handle that its use was
limited to work on the levels. Most of these machines were discarded

within a few years.®!

Changes in Materials and Parts

Significant progress in reducing the weight of rock drills and increas-
ing their durability has been made by changing and improving the mate-
rials and the methods of treating the metals for rock-drill manufacture.
In the first rock drills, for example, cast iron had been used exten—
sively. Its resistéiée to shock was low, éﬁ&‘%f?éﬁ@?H—ﬁég—éEzgzﬁgaigbly

by making the parts very heavy. Designers very early began to replace
cast iron with steel. This was an important forward step but even the
steels éﬁ;iE}éd varied in quality and it was not until about the turn
of the century that materials of relatively uniform quality and charac-
teristics were available. Subsequently a wide range of alloysrwas de-

veloped, and it became possible to select a material best suited to a
specific purpose. The modern drill is composed almost entirely of steel

castings and drop forginég;‘dh& the moving parts such as hammers, anvil
blocks, rifle bg}éjréfc., are made of alloy steels.

Exacting specifications for camposition and heat treatment of the metal
used in each part of the drilling machine have been set up to allow for
the strains and stresses to which the particular part may be subjected.
Care is exercised to make all parts within narrow tolerance limits, and
they are tested with precision instruments. This was important not only
in reducing the weight of the drills but also in permitting changes in
structural design. Various drill accessories have also been improved and
standardized. The important improvements introduced in this respect have
not only reduced the cost of drilling but also increased the productivity
per driller-shift.5%

Improvements in Drill Steel®®.— "Drill steel is the spearhead of the en-
tire blasting process. Without dependable drill steel, the most powerful

51Some unsuccessful attempts have been made to use the explosive power of gasoline
In motivating rock drilis.

SEGeorge H. Gllman, "Heat Treatment of Rock-Drill Steel,n Iransactions, 4.I.M.E.,
Vol. LXVI (1e22), p. 779.

53Hollow drill steel used in hammer drills is usually & of an inch to 1} inches in
diameter but solid steel may be as large as 2 Inches in diameter. The length of
the steel may be as much as 40 feet - depending upon the character of the work for
which it is intended. Various Ccross—sectional shapes are employed, but only three
are used extensively. Round steel 1is used with the drifter drill; the stoper uses
quarter octagon (square steel whose corners are slightly beveled) and hexagonal:
hgga%onal sifel is customarily employed with the Jackhammer but sometimes round
steel 1is used.
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40 ROCK DRILLING

drill would be crippled."®* Even in days of hand drilling, mining en-

gineers, superintendents, and drillmen recognized the importance of
the steel, but it was not until the adoption of machine drills increased
wear and tear on the drill steel that much attention was given to its
composition and manufacture and treatment. Poor-quality steel not only
performance of the drill but also lowered the over-all effi-
mine; the breakage of steel in a hole, for example, ne-
oring of a new hole and caused further loss of time by

impaired the
ciency of the
cessitated the b
disrupting the process of orderly mining.

RS

To be most satisfactory a drill steel should combine very different

The shank should be tough enough to resist bending and to
withstand the shock of 1,600 to 2,200 blows per minute delivered with the

force due to 80 to 105 pounds of air pressure, yet not so hard as to
On the other hand, the bit end
r and to

qualities.

cause excessive wear on the hammer face.
of the steel should be extremely hard in order to resist wea

assure maximum penetration.®® In addition, the steel should be easy to

forge, and its carbon content such that it can be hardened easily.

two primary requisites of hardness

Difficult as it was to combine the
d steel the problem was compli-

and toughness in a single piece of soli
cated even further by the advent of hammer drills and the use of hollow

drill steel. Separation of the piston from the drill steel and increased
frequency of the blows altered the nature of the stresses imposed upon
the steel, and the hole through the drill steel reduced its strength.

Hollow steel, unknown when the Leyner hammer drill was invented, was
needed in order to utilize its water-air jet method of removing cuttings.
The first product was crude and most unsatisfactory. Short pieces of
solid steel were bored and then welded to a hollow iron rod. About 1908
the boring tool used in making gun barrels was employed and pieces a few
feet long could be made with some degree of success but the cost was
high. The problem of making long bars with a smooth well-centered hole

was one with which the drill builder could not cope and it became the
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task of the steel maker.
Over a period of years several methods of rolling hollow steel were
developed and improved.58 About 1913, Swedish and American metallurgists

/-540. H. vivian, "Rock-Drill Steel," Compressed Air Magazine, Vol. 41, No. 4
(Apr. 1936), D. 4991.
85p0r a discussion of qualities essential in Dits and shanks, see Frank H. Kingdon,
"What is the Ideal Drill Steel?" Engineering and Mining Journal, Vol. 111, No. 18
(Apr. 18, 1921), pp. 668-9; also Royal J. Day, "Rock Drill Steel," Engineering and

Mining Journal-Press, Vol. 115, No. 15 (Apr. 14, 1923), pp. 670-3.

86por an account of the history of drill-steel manufacture see Vivian, op. cit.,
pp. 4991-7. Cf. also P. A. E. Armstrong, "Drill Steel From Hollow Ingots,"
Chemical and Netallumﬁical Engineering, Vol. 24, No. 22 (June 1, 1921), DD. 960~4;
and N. B. Hoffman, "Rock-Drill Steel," Mining and Metallurgy, Vol. 17, No. 176

(July 1921), pp. 31, 34-. \

L S S

3
b
¥
.'?




g en—
ceof
eased
0 its
only
effi-
i LG
me by

‘erent
ind to
th the
as to
it end
and to
asy to

rdness
ompli-
hollow
reased
d upon
h.

d, was
Ltings.
ces of
ut 1908
s a few
st was
ed hole
ame the

el were
lurgists

1, No. 4

Kingdon,
1, No. 16
ering and

op. cit.,
Ingots,"
p. 9680-4;
sy NO. 176

WU

E

[

UNDERGROUND DRILLING 41

investigated the possibilities of making hollow steel by rolling pierced
billets of steel over metal cores. The metal ingots were heated and re-
duced in rolling mills to billets about 4 inches square, which were cut
into suitable lengths and pierced with a central hole into which the core
was inserted. The billets were then reheated and rolled down to the re-
quired size. After they were cooled the core was withdrawn. The method
proved quite workable even when lead or iron cores were used, but it was
not until the invention in England of the austenitic process®? in 1926
that it became really satisfactory. Austenitic steel is elastic and
tough and elongates under tension so that a core made from it can be
readily withdrawn from the rolled bar. The smooth straight hole of con-
stant diameter left is a decided improvement over the irregular holes
that resulted when either other metals or sand was used to support the
billet walls during the rolling process. Moreover some of the chromium
in the core is diffused into the drill steel at high temperature and
materially increases its resistance to corrosion.

Great strides have been made in drill-steel metallurgy, as well as in
the processes of its manufacture. Extensive research showed that the
most vital points for improvement in the production of good drill "bits"S8
were composition, heating, and hardening.®® Accordingly, many efforts
were directed to determining the most desirable constituents of drill
steel and the amounts of each ingredient to be included. Recent analy-
ses of various commercial drill steels show that their content of cer—
tain ingredients falls within a relatively narrow range and that impuri-
ties in the steel have been largely eliminated.

Along with advances in the methods of manufacture and in the metallurgy
of drill steels there were important developments in the techniques of
sharpening, hardening, and tempering. Drill sharpeners, oil and gas fur-
naces, and automatic heat-treating machines employed in these processes
are more accurate and rapid than even the best manual methods. The use
of such technical equipment has made possible a decrease in steel con-

sumption and an increase in the effectiveness and productivity of rock
drills.80

That "good drill sharpening and hardening are essential factors in
securing efficient drilling"®! is axiomatic. When this work was done by

5’Auszenite 1s a so0lid solution of iron and carbon.
alloyed with chromium and nickel.
58

For the purpose named It was

Here used to mean the implement; the bit, shank, and intervening material.
Seelcgorge H. Gilman, "Drill Bits and Drill Steel for Metal Mining,n Engineering
and Mining Journal, Vol. 108, No. 19 (May 12, 1917), pp. B823-32.

806eorge 4J. Young, "A Review ofDrilling, Part III," Engineering and Mining Jourmal,
Vol. 112, No. 11 (Sept. 10, 1921), p. 420.

81pig.
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drill would be crippled."5% Even in days of hand drilling, mining en-
gineers, superintendents, and drillmen recognized the importance of
the steel, but it was not until the adoption of machine drills increased
wear and tear on the drill steel that much attention was given to its
composition and manufacture and treatment. Poor-quality steel not only
impaired the performance of the drill but also lowered the over-all effi-
ciency of the mine; the breakage of steel in a hole, for example, ne-
cessitated the boring of a new hole and caused further loss of time by
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disrupting the process of orderly mining.

To be most satisfactory a drill steel should combine very different
qualities. The shank should be tough enough to resist bending and to
withstand the shock of 1,600 to 2,200 blows per minute delivered with the
force due to 80 to 105 pounds of air pressure, yet not so hard as to
cause excessive wear on the hammer face. On the other hand, the bit end
of the steel should be extremely hard in order to resist wear and to
assure maximum penetration.®® In additiom, the steel should be easy to

forge, and its carbon content such that it can be hardened easily.

Difficult as it was to combine the two primary requisites of hardness
and toughness in a single piece of solid steel the problem was compli-
cated even further by the advent of hammer drills and the use of hollow
drill steel. Separation of the piston from the drill steel and increased
frequency of the blows altered the nature of the stresses imposed upon
the steel, and the hole through the drill steel reduced its strength.

Hollow steel, unknown when the Leyner hammer drill was invented, was
needed in order to utilize its water-air jet method of removing cuttings.
The first product was crude and most unsatisfactory. Short pieces of
solid steel were bored and then welded to a hollow iron rod. About 1908
the boring tool used in making gun barrels was employed and pieces a few
feet long could be made with some degree of success but the cost was
high. The problem of making long bars with a smooth well—centered hole
was one with which the drill builder could not cope and it became the
task of the steel maker.

Over a period of years several methods of rolling hollow steel were
developed and improved.5® About 1913, Swedish and American metallurgists

54 §. Vivian, "Rock-Drill Steel," Compressed Air Magazine, Vol. 41, No. 4
(Apr. 1836), D. 4991.

55por a discussion of qualities essential in bits and shanks, see Frank H. Kingdon,
nWhat is the Ideal Drill Steel?" Engineering and Mining Journal, Vol. 111, No. 18
(Apr. 18, 1921), pp. 668-9; also Royal J. Day, "Rock Drill Steel," Engineering and
Mining Journal-Press, Vol. 115, No. 15 (Apr. 14, 1923), pp. 670-3.

SGFOP an account of the history of drill-steel manufacture see Vivian, op. cit.,
pp. 4991-7. Cf. also P. A. E. Armstrong, "Drlll Steel From Hollow Ingots,"
Chemical and Netallwgical Engineering, Vol. 24, No. 22 (June 1, 1921), DD. 960~4;
and N. B. Hoffman, nRock-Drill Steel," Mining and Metallurgy, Vol. 17, No. 176

(July 1921), pp. 31, 34. \
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investigated the possibilities of making hollow steel by rolling pierced
billets of steel over metal cores. The metal ingots were heated and re-
duced in rolling mills to billets about 4 inches square, which were cut
into suitable lengths and pierced with a central hole into which the core
was inserted. The billets were then reheated and rolled down to the re-
quired size. After they were cooled the core was withdrawn. The method
proved quite workable even when lead or iron cores were used, but it was
not until the invention in England of the austenitic process®? in 1926
that it became really satisfactory. Austenitic steel is elastic and
tough and elongates under tension so that a core made from it can be
readily withdrawn from the rolled bar. The smooth straight hole of con-
stant diameter left is a decided improvement over the irregular holes
that resulted when either other metals or sand was used to support the
billet walls during the rolling process. Moreover some of the chromium
in the core is diffused into the drill steel at high temperature and
materially increases its resistance to corrosion.

Great strides have been made in drill-steel metallurgy, as well as in
the processes of its manufacture. Extensive research showed that the
most vital points for improvement in the production of good drill "bits"S8
were composition, heating, and hardening.®® Accordingly, many efforts
were directed to determining the most desirable constituents of drill
steel and the amounts of each ingredient to be included. Recent analy-
ses of various commercial drill steels show that their content of cer—
tain ingredients falls within a relatively narrow range and that impuri-
ties in the steel have been largely eliminated.

Along with advances in the methods of manufacture and in the metallurgy
of drill steels there were important developments in the techniques of
sharpening, hardening, and tempering. Drill sharpeners, oil and gas fur-
naces, and automatic heat-treating machines employed in these processes
are more accurate and rapid than even the best manual methods. The use
of such technical equipment has made possible a decrease in steel con—

sumption and an increase in the effectiveness and productivity of rock
drills.80

That "good drill sharpening and hardening are essential factors in
securing efficient drilling"®! is axiomatic. When this work was done by

57
Austenite is a solid solution of iron and carbon. For the purpose named it was
alloyed with chromium and nickel.

58
Here used to mean the implement; the bit, shank, and intervening material.

See George H. Gilman, "Drill Bits and Drill Steel for Metal Mining," Engineering
and Mining Journal, Vol. 108, No. 19 (May 12, 1917), pp. 823-32.

OGeorge J. Young, "A Review 0fDrilling, Part III," Engineering and Mining Jourmal,
Vol. 112, No. 11 (Sept. 1o, 1921), p. 420.
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Table 3.- AMOUNTS AND PROPERTIES OF SOME

DRILL-STEEL CONBTITUENTBa

et e R e B

Content Properties
(percent)

Constituent

0.70 —1.00b Gives strength and hardness

Carbon

Manganese 0.25 -0.40° Facilitates forging and
increases tensile strength

Sulphur 0.015—0.025d Impurity; makes steel brittle
when hot :

Phosphorus 0.01 —0.025d Impurity; makes steel brittle
when cold

Silicon 0.10 —0.20° Impurity; retards absorption

of carbon

8pata are from George H. Gilman, "Drill Bits and Drill Steel for Metal Mining, "
Engineering and Mininj Journal, Vol. 103, No. 19 (May 12, 1917), D. 829; Frank H.
Kalser, nSuggestions for Seleoting and Testing Drill Steel," Engineering and Mining
Journal, Vol. 103, No. 20 (May 19, 1917), D. 875:

ith

An ordinary straight carbon steel suitable for drilling in average ground and w
in percentages: carbon, 0.86-

the air pressures ordinarily employed would have,

0.90; manganese, 0.3-0.4; Dhosphorus and sulphur, less than 0.03 each; and silicon,
0.1-0.2.

bCarbon content varies
tive American steels.
to 1.05 percent.

C3ome as low as 0.1 percent.
dSome as high as 0.04 percent.

€g5ome lower than 0.10 percent.

slightly with size, shape, and make. These are representa-
The carbon content of Swedish steels ranges from about 0.85

hand the variation in bit size and temper often was so great that the
drill runner was apt to us€ a steel long after it had been dulled rather
than search or wait for a sharp piece. Quite frequently too the mine

steel to permit the drillman to take enough for the

would not have enough
Drilling with dull steel

day's work to his place when he came on shift.
not only impeded the rate of cutting into the rock but also increased
steel breakage by causing severe vibrational and torsional strains to be
set up in the shank.®% At the present time the tendency is toward me-
chanical methods of .steel maintenance. The machine most widely used for
this purpose is the power drill sharpener which was introduced as early
,8% and first adopted in larger mines. Today only small mines do
such machines. Where a group of nearby mines is under one
ral steel-sharpening shop is sometimes established.
earlier sharpener could do the work of two black-
sharpen about so bits per hour of running

as 190
not utilize
management a cent
Tt was claimed that the
smiths and two helpers and

k-Driil Steel, " pp. 784-6. See also S. 8. Clarke,

82G11man, "Heat Treatment of Roc
kage," Mining and Metallurgy, Vol. 14,

ncomparative Tests on prill-Steel Brea

No. 324 (Dec. 1983), PP. 48375-
834pri11 Sharpening Machine,?® Mining and Scientific Press, Vol. LXXXVI, No. 15

(Apr. 11, 1903), P. 225-
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time.€4 About 10 years later the machines were capable of sharpening
200 to yoo bits per shift or about two and one-half times as many as a

= good blacksmith could hand dress in the same time.®5 Still later models
could produce about 375 bits of uniform gage, sharpness, and hardness
rg per 8-hour shift, and machines making shanks could handle 230 to 350

pieces of steel of varying bar diameter.®® The latest types are reported
to forge new bits up to 32 inchkes in diameter at the rate of 30 to 6o per
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‘No. 6807, mimeo., Oct. 1838).

89, :
'gl.,U.ClEH Eaton, "Rock Drills and Accessories - II,n Engineering and Mining Jowrnal,
Vol. 134, No. 3 (Mar. 1833), p. 109.

gth hour, to sharpen dull bits at the rate of 30 to 60 per hour, and to make
5 25 t0 50 shanks per hour.
le To insure proper hardening and tempering of drill steel automatic heat- f
treating machines and oil and gas furnaces with pyrometric control have i )
7 been developed. More and more mines are installing such equipment today, ;
m particularly where detachable bits are used. é '
;"E}ﬁi.ﬁlg The quality and efficiency of drill steels doubtless will be improved i
e further. The use of alloy steels, for example, is in a stage where ex- l
i’u?&%xsuj tensive progress seems probable. Tests more than 20 years ago showed
j that such steels have greater tensile strength than straight carbon steel, E
Eneliegt.gg permit the use of lighter sections and smaller bits, and result in in- }
Creased boring speed in rock.®” Proper heat treatment of alloy steels is i’
more complex than that of conventional carbon steel, and methods have not ; |
yet been developed which would permit such steels to be treated in ordi- E
nary mine shops. Further experiments with methods of preparing and $
hat the treating conventional drill steel have given same evidence of possible %
L rather lower costs and better performance with its use, but these methods have {
he mine ot yet been widely accepted in the United States. Among these investi- i
for the gations may be mentioned those of sharpening of bits by hot milling®® and i
11 steel with improving their wearing power by welding hard-alloy tips to the $
icreased edges of the bits. This latter method gives same promise of success al- £
ns to be though difficulty was experienced in making a shockproof bond between g
ward me- the hard alloy and the steel. In "long-hole" work - such as prospect ;
used for drilling with a drifter - where the depth of hole that could be bored !
as early depended on gage loss one observer reported that the depth bored per %
mines do it was increased to six to eight times that of the ordinary bit by using E
inder one "Stellite", a cobalt—hramium-tungsten alloy.8® j
blished. e ;
vo black- palbed. ;
‘ g I ®3Richard 7. pana and W. L. Saunders, Rock Drilling (ist ed.; New York: John Wiley %
. Tunning & sSons, 1911), p. 50. g
e’7P.obe:*:c S. lewls, Elements of Mining (New York: John Wiley & Sons, 1933), p- 128. §
e ransactions, 4.1 0.5 Vor IVUII oy, ‘SoIoarative Teste of Femer Drill Bits, |
®8ying 6. Agnew, Hot Milling of Rock-Drill Bits at the Mines of the Vimegar Hill i
vI, No. 15 Zinc Company, Platteville, Wisconsin (U. S. Dept. Int., Bur. Mines, Inf. Cir. §
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s of Drill Bits.- The shape of the bit may also
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Figure 10.- A 4-WING CROSS BIT FORGED ON HOLLO
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Rock—drill bits of this general type have been the most widely used with
the hammer and piston drills. The length of cutting edge, or bit gage,
depends upon the depth of hole to be dri1led and upon the diameter o ghe
steel. For holes deeper than the length of drill feed (which usually
is about 2 feet) progressively longer pieces of drill steel are required.
The bits at the ends of these steels must be progressively smaller than
the starter because the wings are continuously worn away Dy the abrasive
i as the hole is deepened. The smallest bit, however,
i 211ow for free ejection of the
on drilling speed,
n American minin

cuttings. b
the tendency is to use the smallest possible bits. !
practice % inch is a common gage change though some mines have foun
o inch sa isfactory.

are

¢ the cutting edge usually is 90° and common wing tapers
5° and 14°. The wings are often 4 to & inch thick. To be effective, bits
must be symmetrical and accurately shaped. This is now generally accom=
plished in a power sharpener that can forge several hundred bits per shift.
Also, with hollow steel, the hole must De kept fully ope ned.
Detachable bits have much the same shape and appearance as the one illus—
trated above. The greater numober of those now in use are provided with
coarse internal threads that match an external thread on the drill rod.

The angge o

p the hole round and free and
The various
As the
and the

Any bit used in rock drilling should kee
h as much drilling as possible pefore resharpening.
d, y-point Cross bit are shown in figure 10.
t break off particles from the rock mass
e reaming edges perform the first-named
nmud" 70 freely and wear and perform
ration which, in turn, is
If

accomplis
parts of a standar
cutting edges of the bi
drill advances into the hole th
function. The ability of the bit to

well depends to a great extent on the penet

governed by the cutting angle and the length of the cutting edges.

7070 mmudn is to throw the cuttings back from the vottom of the hole when the bit

{s advancing into the rock.

T ———
o et SR €t e o o e e
e S ——

—— T Wy —

BT - TS —

T T e T T

<2 ? Z T T

§
i
¥
»
¥




also
rm in
var-
g the
r meet

EEL

MAN STUDIES
cT E-186

ed with
't gage.,
: o? ghe
usually
quired.
ler than
ibrasive
owever,
» of the
g speed,
n minin
re foun

pers are
ve, bits
y accom-
r shift.

ne i1lus—
ded with
rod.

free and
e various
As the

s and the
rst-named
d perfomm
turn, is

dges. If

hen the bit

o

14 AN O erals) o e

UNDERGROUND DRILLING 45

the bit does not penetrate the rock sufficiently the entire steel re-
bounds and much energy is lost; if the bit penetrates too much a strong
cushioning effect results and the speed of drilling is retarded. In
American mines today the 9o° cross bit with a 5° and 14° double taper is
used very widely. The double taper introduced about 1918-20 was an im-
portant advance in drill-bit design and added greatly to the strength of
the wings and retarded loss of gage. These bits can be accurately made
only by a power sharpening machine.

Many different designs of drill bits have been developed, but recent
efforts toward standardization have resulted in elimination of many forms.
The three most popular shapes are the y-point or cross bit, the Carr
bit,’! and the 6-point rosette bit that is used only with hammer drills.
Many other forms are still used, of course, but not so widely as the
three mentioned. Along with the standardization of bit design there has
been some standardization in size and section of drill steel.

Detachable Bits.- Despite the vast improvements made in commercial
drill steels the problem of achieving a compromise material suited to
both the shank and the bit had not been entirely solved. This has re-
sulted in separating the shank and the bit so that each might be made of
the most suitable material. The detachable bit weighs about F to :
of a pound and now is made of high-carbon steel in sizes and shapes to
fit drill steels of various weights and sections.

The idea of a detachable bit is not new. As early as 1865 a patent
was granted for a detachable "three-bladed hand-drill bit",7? and Leymer
applied for a patent on a taper-fit rock-drill detachable bit in 1903.
Since then many other patents have been issued for a variety of detach-
able bits for both hand and machine drills, but it was not until about
1918 that a usable form was developed,’® and several years elapsed before
large-scale trials were made.

There are today several major types of such bits in use in the United
States, and many other kinds are being tried at various mines. The
bits must act as an integral part of the steel, and they differ in the
manner in which they are attached to the drill rod or shank. An early
type now little used was attached by means of a very closely fitting

/1Thls is a modification of the chisel bit used in hand drilling. Because of its
full-reaming edges 1t does not lose gage rapidly, is fast-cutting and useful in
hard homogeneous rock.

- 7 > s . 2 .
l ?Mcgenry Mosier, Progress Report on Investigation of Detachable Rock-Drill Bits
(U. S. Dept. Int., Bur. Mines, Inf. Cir. No. 6877, mimeo., Feb, 1936), p. 2.

VBChauncey L. Berrlien, "Development and Installation of the Hawkesworth Detachable
Bit," Transactions, A4.I.N.E., "1930 Yearbook," Vol. XCI (1930), p. 139. See
a%sq: Felix Edgar Wormser, "The Hawkesworth Detachable Drill Bit,n Engineering and
Mining Journal-Press, Vol. 114, No. 6 (Aug. 5, 1822), pp. 262-4.
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eaded and held to the rods by a

used with pipe; others have internal threads to

ad at the end of the drill rod. Another type
reaming edges has a

tongue-and—groove joint; another was thr

coupling much like that
match the external thre
that is beginning to find favor because of its full-
straight tapered recess and is held in place by a driving fit on the
correspondingly tapered drill rod.”* In the threaded varieties the end
of the rod makes close contact with the bit at the bottom of the threaded
recess or where the skirt of the bit rests on a shoulder on the rod.
Nearly all types of detachable bits have a double taper put they differ
somewhat in wing shape and cutting-edge design.
t with detachable bits about 15 years
adopted them it is only within the
ad use. Now, many

Although some mines were fitted ou
tion contractors
y have come into fairly widespre
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many mor!
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es where detachable bits have been applied, savings were
¢ steel. The metals used

cost

In most min
effected in drilling time and in the handling o
for detachable bits need not combine the characteristics required of the

steel for the drill rod and may be high—carbon oOr alloy steel that can be
hardened to a considerable degree. Before it is dulled or loses its gage
re than the conventional bit forged on a regular
drill steel. Also, the rod to which the detachable bit is attached may

of material selected for toughness and resistance to fatigue
ed for the bit, thus reducing

such a bit can cut mo

be made
without regard for the qualities requir
preakage and the attendant loss of steel.
e the detachable bit is lighter and usually will drill more than
e spent in changing steel may be
f sharp bits, of which the

Sinc
the conventional steel, some of the tim

Greater saving arises from the use O

saved.
ple supply and whic

drill runner may have an am
2 result he is less apt to use a bit after it has becaome extremely dull

and lost its gage. Moreover, the strains imposed on the shank and on the
e itself are less severe SO that the possibilities of sticking or
the drill are considerably reduced. The

ossible still another saving by reducing
In addition to labor saving, the use of

h are easy to change. As

machin
breaking the steel or injuring
light detachable bit has made D

the number of nippers’® needed.
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t, Progress Report 3

gnew, Nount Weather Testing 4di
Feb. 1939),

74Mcﬂenry Mosier and Wing G. A
t Investigations 3439, mimeo.,

(U. S. Dept. Int., Bur. Mines, Report 0

pp. 7-9.
75The wnippert is the workman who carries the sharpened drill steel fr
smith shop to the drillers and returns the dulled steel.
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FIGURE 11.- HANDLING DRILL STEEL UNDERGROUND

One of the greatest savings in the use of the detachable bt is the

reduction in "nipper” labor (the "nipper"™ is the workman who distributes
sharp, and collects dull, drilil steel) and that of others who transport
drill steel from the blacksmith shop to the working face. In hard rock
a drifter drill dulled 50 or more pieces of steel per shift; these would
weigh about 800 pounds whereas an equivalent number of detachable bits
and a drill rod would weigh about 50 pounds and could be carried by the
driller as he went to his working place.

the separable bit reduces greatly the weight of drill steel in circuit,
for only one set of rods is required by the miner instead of several sets
of steel.

Detachable bits may be used three or more times before the steel lost
in drilling and grinding (the usual method of sharpening) makes them too
small for use. Sharpening by forging is now being employed satisfacto-
rily, and the bits are heat-treated as is the conventional steel.

Many mines, however, have found that sdme conditions do not favor the
adoption of detachable bits. Where costs of transportation and distri-
bution of drill steel are low, or the sharpening shop is well organized
and efficient, or the rock of such quality that the footage drilled per
bit is quite high the use of the detachable bit may offer few advantages.
Results were not always favorable, moreover, with the bits that were in
use a few years ago. One observer reported that the drilling capacity of
the detachable bit was about 29 percent less than that of the standard
bit and that the savifg in drilling cost was due entirely to the reduc-
tion in steel-handling expense. This saving, however, was offset by the
royalty incorporated in the cost of the detachable bit. He concluded that
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ited to moderately hard rock.78 Current

ates that under many conditions the
dard bit. An interesting example of
mining district where the rock
pieces of standard steel

the field for this bit was lim
general experience, however, indic
separable bit is superior to the stan
s found in the Tri-State zinc-lead
rty and highly abrasive and about 50
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third.””
To provide a factual basis upon whi
o the use of detachable bits in the

ch mine operators may make decisions

ir mines, the U. S. Bureau_ of

as t
Mines is gathering data and making studies in mines where such bits have
been used. Six reports describe and summarize the findings of the Bu-

78 These reports show that detach-
In some of the very
of drilling
e being

reau's investigations up to May 1939.
adopted to a Very wide extent.
1 mines they are used for all kinds
sed for special tasks only or ar
g volume of evidence as to the advantages
ef that further improvement and in-
ant aspect of future technical

able bits have been
large as well as in smal
pbut in other mines they are u
tried experimentally. A growin
of detachable bits justifies the beli

creased use will constitute a signific

progress in mining.

"Rock Drills and Accessories - II," D. 108.
ts in the Mining practice of the Tri-State Dis-
A.I.M.E. Tech. Pub. No. 905,

76Eaton,

77c. W. Nicolson, "Recent Improvemen
crict," Mining Technology, Vol. 2, No. 3 (May 1838),
W. G. Agnew, Bit Gage V.

pp. 5-6.

78Mosie? and Agnew, 0p. cit., 12 pp.; McHenry Mosler and

Drilling Speed (U. 5. Dept. Int., Bur. Mines, Report of Investigations 3447,

mimeo., May 1939 4 pp.; McHenry Mosier, Progress Report on Investigation of
1 cir. No. 6877,

Detachable Rock- rill Bits (U. S. DepC. Int., Bur. Mines, Inf.
mimeo., Feb. 198386), 9 pp.; McHenry Mosier, Progress Report No. 2 on Investigation
of Detachable Rock-Drill Bits (U. 8. Dept. Int., Bur. Mines, Inf. Cir. No. 6911,
mimeo., Nov. 1936), 20 pp.; McHenry Mosier, Progress Report Ko. 3 on Investigation
of Detachable Rock-Drill Bits (U. S. Dept. Int., Bur. Mines, Inf. Cir. No. 6938,
mimeo., Apr. 19837), 27 DD.; and McHenry Mosler, Progress Report 4 on Investigation
of Detachable Rock-Drill Bits (U. S. Dept. Int., Bur. Mines, Inf. Cir. No. 6951,
mimeo., July 1837), 37 DPD.
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CHAPTER 1V
DEVELOPMENT OF SURFACE-DRILLING TECHNIQUES

A vastly greater tonnage is now produced from surface than from under—
ground mine workings. The trend toward open—cast mining and quarrying
has been an outstanding tendency in which technological advances in rock
drilling on the surface have played an important role. In common with
underground drilling, surface drilling is dome either for prospecting
or blasthole boring, although surface drills must be able to bore deeper
holes of larger diameter for efficient blasting than underground drills.

Two broad classes of rock drills are employed on the surface - those
designed primarily for use underground and a specialized group of ma-
chines intended for surface work. The drills described in chapter III -
the piston and the hammer drills, and especially the drifter and the
jackhammer - have been adapted for surface mining and quarrying. In some
instances special mountings have been developed to make them more suit-
able for surface work where they are used mainly for blasthole drilling
and for relatively short-hole prospecting. Other machines were developed
primarily for surface work.! The machines in this group, the power churn
drill and various types of the rotary drill, are large and powerful and
usually require some sort of rig.? Their main function is to drill long
or large-diameter holes, or both. With minor exceptions - notably the
diamond drill - they are used very rarely underground.

The large surface drills frequently are used to prospect an area before
a shaft is sunk for an underground mine. The ability of these drills
to bore long holes and to produce fairly accurate samples of the ground
passed through is of great value in determining the best shaft location.
Where the nature of the overburden and depth of the deposit from the
surface will permit exploitation from open pits, as in strip metal and
coal mines and rock quarries, large surface drills are employed both
for prospecting and blasthole boring after mining operations have begun.
In the latter task these big drills generally are supplemented by some
kind of smaller hammer drill.

1
“Mining is only one of the fields to which surfage=drilling techniques are ap-
Plicable. Others include canal buillding, sinking artesian wells, the construction
of dam foundations and abutments, highway and ralilway construction, and many more
uses. The first surface drills were devised for use in canal building and well
sinking.

EA'rlg is a framework or derrick (the engine necessary to run the drill) and hoist-
ing tackle to raise and lower the drilling tools, casing, etc.
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50 ROCK DRILLING

There is a third type of machine used in dimension-stone quarries where

e led to the development of special types of cut-

the peculiar needs hav
al stone.

ed almost solely in producing building and ornament

ters employ
the channeler and the wire saw, some type

Along with these machines,
of drill generally is employed.

As has been noted, nearly all the drills employed today for surface

mining originally were intended for application under different condi-

evelop these machines for use in surface mining

tions. The stimulus to d
need for more ef-

growth of the mining industry and the
Before 1865 all surface blasthole drilling

ccessful use of power churn

arose from the
fective drilling technigues.
in the United States was manual. The su
drills in the oil fields of Pennsylvania, however, demonstrated the ef-
g machines for deep-hole work. The rapid growth of

ficacy of drillin
f the nineteenth and the

the oil and gas industry in the latter part O
beginning of the twentieth century was accompanied by remarkable advances
in surface-drilling techniques, soO t
en-pit mining and quarrying the equipment was
and the dis-

hat when improved methods of drill-

ing were required in op
Such a need arose with the growth of quarrying
e surface when underground mines

1 requirements of our expanding

available.
covery of large ore deposits close to th

could no longer supply the growing meta

industrial economy.

Open-pit mining in the United States was not new but it has been only

since the last decade of the nineteenth century that strip metal mining
it iron mines in

has become really important. There were some Open-pi
New York, New Jersey, Pennsylvania, and Michigan before 1870 but they
were generally small both in size and production. The modern open-pit
iron mine may be said to date from the opening of the Mesabi Range in

18g2. Strip mining of copper on a large scale did not begin until about

1906+

Another result of our
importance Of rock quarrying.
trend in construction shifted from wood

mand for crushed and broken stone grew S
ying industry as drilling technigues
) were invested with 2

expanding industrialism has been the increasing
Road building became important, and the
to steel and concrete. The de-

harply and necessitated radical

technical changes in the quarT (for

cularly for blasthole boring
Previously crushed stone had been used prin-
aking of the rock into

prospecting and parti
new and vital importance.
cipally for flux and lime, necessitating the bre
special sizes OT lumps. The new uses for crushed stone in the prepara~
tion of concrete and cement, however, required much smaller sizes of
stone and new methods of quarrying. For the production of such stone
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in large quantities it was found that promiscuous shattering of complete
hillsides was more desirable than the prevailing methods of breaking
rock. Early drills such as the piston, hand churn, spring pole, and
other types could not accomplish the heavy drilling for which these
large-scale methods called. Recourse was had, therefore, to portable
models of the powerful drills that had been employed for sinking the
first oil wells.

Large-scale quarrying and mining brought about the wider use of surface—
drilling techniques in still another manner. These enterprises entailed
a large capital investment to cover the increased outlays for development
and plant. More consideration was given to the probable ultimate pro-
duction of a mine or quarry and this required accurate sampling of under-
lying strata and delineation of the deposit. The available drills were
widely used to obtain this information and their utility for this purpose

has been improved steadily.

The remainder of this chapter describes drills used in surface work.
Those used for prospecting are described first, followed by a discussion
of blasthole drills.

PROSPECTING DRILLS®

For prospecting purposes a drill that can produce a good sample of the
rocks penetrated, bore deep holes, and work at any angle is preferred.
The importance of securing accurate information about subsurface strata
has been, and still is, great enough to warrant the expenditure of much
effort to develop drills to meet these basic requirements. Two types of
drills designed originally for other purposes have been thus adapted -
the power churn drill and the various forms of the rotary drill. Each
of these major types has features that make it suitable for prospecting
in a particular kind of terrain.

The Power Churn Drilié

Barly in the nineteenth century there appeared in the United States a
series of drills known as "hand machine drills." These were drop drills
essentially similar to the heavy hand churn drills described in chap-
"ter II. The cutting tool was raised by hand with a rope and permitted to
drop back into the hole. In 1838 John A. and J. M. Singer conducted
a fairly successful experiment with a large drop drill on the Illinois

=z
As 1s noted in the last part of this chapter, some of the drills used for prospect
drllling are also used for blasthole boring.

4,4 2 g
Also known as the well, percussion, cable-tool, or rope drill.
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52 ROCK DRILLING

and Michigan Canal. The machine was patented in 1839, and about 10 or
12 were put to work on the canal.® Drills of the spring-pole type - the
predecessor of the power churn - were used between 1806 and 1820 to sink
deep wells at Charleston, W. Va.; Louisville, Ky.; and St. Louis, Mo.
It was not until the early sixties, when small steam power plants and
semiportable drilling machines became available and were successfully
applied to drilling oil wells in Pennsylvania, that the possibilities
of power churn drilling in mineral exploration became apparent. Diffi-
culties of the early power churn drills in drilling even shallow holes
in badly caving ground or in making satisfactory progress in hard strata
were largely overcome by improvements in adapting them for oil-field
drilling. These improved drills could be used satisfactorily for pros-
pect drilling, and today the power churn drill is employed widely in
sampling mineral deposits where the rock is soft enough to be broken
by the chipping action of the bit and where casing or drivepipe is used
as an added precaution in loose or unconsolidated strata.

The early power churn-drill outfit consisted essentially of four sep-
arate units - a steam boiler, a simple engine, a wooden derrick, and
a string of drill tools. The engine could be used to raise or lower the
drilling tools and the "sand pump", or to actuate a walking beam® - the
counterpart of the spring pole - that imparted an up-and-down motion
to the tools suspended from one end. The drill operated by percussive
cutting and could be used only for boring vertical holes. The string of
tools for deep drilling generally comprised a set of jars, a drill stem,
and a cutting bit. The jars - sometimes omitted when drilling was done
through hard rock - were a pair of sliding links that produced a sharp
shock as they met on the upward stroke and looséned the bit if it stuck
fast in the hole.

To increase the force of the blow a heavy bar (called the auger stem)
was generally inserted between the jars and the drill stem. Another bar
(the sinker bar) was sometimes added above the jars to keep the drill
line taut. Manila rope was used for the drilling line which was attached
to the tool string by a rope socket.” At the surface the rope was fas-
tened in a swivel clamp attached to the temper screw® that hung from the
walking beam. Some adjustment of stroke length was obtained by connecting

5Henr‘y S. Drinker, 4 Treatise on Explosive Compounds, Machine Rock Drills and
Blasting (New York: John Wiley & Sons, 1883), p. 186.

6A massive lever that was pivoted at one end, or, later generally near the middle.
7In place of the rope or cable, wooden rods similar to those of the primitive
spring-pole drill found extensive use abroad and in the sinking of water wells in
this country but now are seldom employed.

8A screw device several feet long by which the tools are lowered as the hole 1is

deepened.
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the pitman® at different points on the engine crank. The torsion in
the rope was, as a rule, adequate to accomplish rotation of the drill
bit, but in shallow holes it was sometimes supplemented by manually
twisting the drilling line.

Holes ordinarily were drilled dry or with just enough water to facili-
tate periodical removal of cuttings, usually with some form of sand pump
or bailer. The bailer consisted of a hollow cylinder a few feet long
with a simple valve at one end and was attached to a small rope or '"sand
line" that passed over a sheave on the derrick to a drum or reel. When
it was lowered into the sludge at the bottom of the hole the valve opened
and permitted the cuttings to enter the cylinder; as it was raised the
valve closed and held the cuttings. In soft or unconsolidated strata
requiring continuous removal of cuttings the hydraulic or jetting system
was widely used.

Several basic changes in the structure of the drill outfit made the
jetting system applicable to power churn drilling. The cutting bit was
altered to allow the passage of water to the face by making the upper
part of the bit hollow and perforating the lower half with two or more
holes. A string of hollow rods long enough to extend well above the top
of the hole replaced the drilling line. The top of this rod string was
connected to a pump with a swivel coupling so that water might be forced
down the hollow rods and through the bit to the bottam of the hole to
carry the cuttings up the hole outside the hollow rods.

In this method of boring, the excavation was accomplished in loose
material by the water jet and the bit usually was rotated to keep the
hole straight. Pipe or casing somewhat larger in diameter than the drill
bit was driven down as the hole was deepened. This casing held up the
walls of the hole and prevented caving that would give an irregular
sample of the strata penetrated. When the ground could not readily be
washed the drill pipe and bit were given a churning motion and cutting
proceeded by percussion. In the Mesabi type of this drill, developed
in the early nineties for prospecting soft iron ores, the rig differed
from the ordinary cable tool in that a walking beam was not used. The
rope holding the drill pipe passed over a sheave hung fram a tripod or
derrick and wound once or twice around a drum or reel (usually called
a "cathead") that was revolved continuously by the engine. As the free
end of the rope was pulled tight and loosened, the string of tools alter-
nately rose and dropped. Drilling was ordinarily vertical, but inclined
holes could be bored by starting the casing at an angle.

— = S R

9
A rod that connects the rotating member of the engine with the walking beam.
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FIGURE 12.— TWO STAGES IN CHURN-DRILL DEVE LOPMENT

The upper photograph shows a well=drill outfit commonly used up to the
turn of the century. In the foreground is a portable locomotive-type
boiler; to the left ‘is the engine over which may be seen the massive wooden
walking beam and the wooden derrick which could be dismantled and re-used.
The derrick was usually a square frame tower.

The lower photograph shows an early, self-contained, portable churn
drill driven by a gas engine. These models were horse—drawn or fitted
with traction wheels. The type shown was used for blasthole and pros-—
pecting work in the first decade of this century.
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Another variant of cable-tool drilling suitable for small-diameter
shallow holes in easily broken ground was the self—cleaning or hollow-rod
method that worked by percussive cutting. As in the wash-boring process,
the rods were hollow and the bit had small openings and also a valve that
opened on the down stroke. Water poured into the hole made a sludge that
was forced through the bit into the rods and out at the surface by the
sudden compression from the fall of the rods.

Modern Churn Drills.- The modern power churn drill consists of a source
of power, a walking beam, a hoist operated by suitable clutches, and
a drill line of manila or wire rope connected to a string of tools by
a rope socket. For deep holes 2,000 feet or more, a steel derrick that
is quickly and easily assembled and dismantled has replaced the wooden
framework that could be used but a very few times. Easily transportable,
high-pressure, 0il- or gas-fired boilers are used with much-improved
steam engines or the drill may be powered with an electric motor or with
gasoline or Diesel engines. Changes in power transmission and control
have added speed and efficiency and have simplified operation.

The basic tools used in churn drilling have changed but little over an
extended period, although there have been several improvements and addi-
tions. The tools have been made larger in diameter, longer, and heavier
SO that a much more powerful blow could be struck. The first important
advance was the invention of jars about 1831.10 As deeper holes were
bored a whole series of special tools was developed to recover drilling
tools and drilling line broken or lost in the hole. Manila rope has
been generally replaced by steel cable, although it had great elasticity
that made drilling "on the spring of the rope" an important feature of
the drilling method; also, the shocks of the impact of the tools on the
rock were not transmitted to the derrick or walking beam. As greater
depths were attained the rope had to be larger to carry the load, and it
took more power to move it. Besides, it rotted quickly and was rapidly
worn by the sludge; in holes where there was much water, friction es-
pecially retarded penetration. Substitution of a steel cable permitted
use of greater engine speed and heavier tools and increased the speed
of drilling and the possible depth of hole.

Improvements also were made in the rig required for power churn drill-
ing. At least as early as the late eighties completely self-contained

loDr. J. P. Hale In the section on "Salt" in M. F, Maury and Wm. M. Fontaine,
Resources of West Virginia (Wheeling, W. Va.: The Register Co., 1878), pp. 286-7,
stated that "in 1831 William Morris . ., ., . invented a simple tool . . . . [that]
has always been called here 'S11ps,' but in the o1l regions they have given it
the name of 'Jars.! It is a long double-link, with Jaws that fit closely, but
slide loosely up and down. . . , ., Billy Morris never patentedhis invention . . . .
This tool has been adopted into general use wherever deep boring is done, but
. - . few . . . . Kknow where the slips or jars came from."
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and portable churn—drill rigs were available.l! These were lightweight,

horse-drawn machines and used animal or steam power. Some had hollow

e used for holes only a few hundred feet deep, principally
Their development was similar to that of the
y used in shallow-hole work

rods and wer
small-diameter water wells.
standard cable-tool rig, and they were widel
because of their mobility. This equipment was steadily improved and for
steel portable rigs, driven by gasoline, Diesel

a number of years all-
r caterpillar treads

engines, or electric power and mounted on wheels o
have been available (see figure 27). As the units have increased in
size there has been an increase both in length of stroke and AnSfice=

quency of the blows, and machines are available which can drill a 6-inch

hole 2,500 feet or more in depth.

Rotary-Type Drills
Unlike percussive power churn drills, rotary-type drills cut by ab-

The drilling bit is made in a wide variety of sizes and is at-

rasion.
d in a

tached to a string of jointed pipe or rods held at the upper en
rotating device driven by an engine. As the hole deepens, the drill rod
or pipe is lengthened by additional units. Some fluid ordinarily is

al of cuttings, and under certain conditions the

employed for the remov.
Several ma-

hole may be lined or partly lined with a string of casing.
chines employing the principle of the rotary drill are used for mineral
prospecting, especially the diamond, calyx, and hydraulic rotary drills.
The diamond drill is most useful in hard rock and in boring long holes

The latter two are useful primarily for boring in uncon-

at any angle.
In general they

solidated strata and in softer and medium-hard rocks.
bore only nearly vertical down-holes but make holes (and cores) many
times the size of those ordinarily obtained with the diamond drill; also
in the softer rocks they may secure greater core recovery at a somewhat

lower cost. Although these two types of drills have many similarities,

their principal features are discussed separately.

The Diamond Drill.— The diamond drill is the earliest type of rotary
drill and uses an annular bit set with diamonds and procures a core from
the strata penetrated. It was patented in 1863 by R. Leschot, a French
civil engineer, and was originally intended to be used only for blast-
hole boring in the Mont Cenis railway tunnel. In 1864 a patent for a
diamond drill was granted to F. K. Copeland, an American, who was said to
have originated the idea of using this machine for mineral prospecting.
Copeland transferred his patent to an American company which at once

11yportable Rock Drilling Machinery," Engineering and Mining Jowrnal, Vol. XLVII,

No. 9 (Mar. 2, 1889), p. 207.
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proceeded to manufacture drills. In 1867 M. C. Bullock obtained the
Leschot patent rights for two American companies with which he was asso-
ciated and subsequently manufactured diamond drills under his own name.
Bullock and Copeland are credited with having quickly developed the ma-
chine into a useful tool. By 1870 they were being distributed here and
abroad and at least by 1871 were being advertised in technical journals;
an extensive line of drills was displayed at the Centennial Exposition
at Philadelphia in 1876.%%

One of the earliest uses (about 1864) of the diamond drill was in
dimension-stone quarrying to bore shallow, closely spaced holes into
which were driven wedges to split off blocks of stone. For this purpose
as well as for blastholes, solid bits were generally used. For prospect
work, a hollow or annular bit was employed to form a core. The earliest
prospect work with the diamond drill appears to have been done about
1869. In that year, holes were bored about 225 feet deep in the south-
eastern Missouri lead district, about 100 feet deep on the Marquette
iron range, and one hole in Colorado to a depth of 417 feet. About 1870
a hole over 700 feet deep was drilled in the anthracite regions. This
hole is of special interest, for Tecklenburg states that this was prob-
ably the first in which was obtained a full cross section of the strata
penetrated; it was important to the development of deep-boring techniques
because the frequent and serious rod breakages (common gas pipe was used
as drill rods at that time) encouraged Bullock to invent a special set of
tools to recover broken rods and bits.!® After 1870 the amount of pros-
pect drilling greatly increased and in 1872 the drill was used success—
fully for boring blastholes in shaft sinking.14 Although the principal
field of this drill has been exploratory work, it has been used to some
extent for blastholes.

An important feature of diamond-drilling equipment is a core barrel
carrying a diamond-studded bit. The rotary movement and the pressure
communicated to the drill rods enable the bit to scrape or abrade a ring
in the rock, leaving a central core that projects into the barrel. At

2WF1t1ng about 1889, Tecklenburg said that the diamond drill had developed in the
preceding 20 years a broader field of application in the United States than in any
other country and that by 1874 there were nearly 50 companies and contractors en-
gaged in diamond drilling. He also made the striking comment that "under American
conditions the underlying basis for preferring the diamond drill to others 1is
probably to be seen in the saving of labor which, as 1is well known, is so costly
In the United States that the thoughts and efforts of all industrial inventors
are directed primarily toward the greatest possible reduction in manual labor,"
(Authors! translation.) From Th. Tecklenburg, Handbuch der Tiefbohrkunde,
?%gg)III, ggas Diamantbohrsystem" (Leipzig, Germany: Baumgdrtner's Buchhandlung,
» D. -

Dtss
1 Ibid., pp. 93-4,

Eckley B. Coxe, "A New Method of Sinking Shafts, " Transactions of the American
Institute of Mznzng Engineers, Vol. I, D. 271. The deepest hole was 334 feet,
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GURE 13.— AN EARLY PORTABLE AMER ICAN D1 AMOND DRILL
said to be

This odd—appearing contrivance is a prospecting drill of 1874,
g ood for 1,ooo-foot holes. It cost over $3,000.

The bit, which could cut 2 1—-inch core, is shown at the lower end of
the rods. The swivel head could not Dbe opened and the whole machine had
to be moved SO that the rods could be raised or Jowered. Only one set o
feed gears was used; to change feed rates different gears had to be in-
serted. The machine was driven by the oscillating steam engine which may

i g drum

pe seen just pelow the swivel nead. Above the engine is the hoistin
that carried the rope for “and““g the rods. The water pump was mounted
on the cast—iron frame that carried the steam boiler.
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intervals the drill column is pulled from the hole, and the core brought
to the surface with the rods.'® For use in mineral prospecting, the core
barrel is generally 1.5 to 3 inches in diameter and 5 to 10 feet long,
but for deep holes it may be longer tham 10 feet, usually in 10- or
20-foot sections flush-jointed so that several may be connected.

In early models of the diamond drill a single-tube core barrel was
used. The diameter of the barrel corresponded very closely to that of
the bit, and the core was retained in the barrel by means of the core
lifter - a split-ring core spring. When the vibration of the core barrel
was very severe it caused the core to break and wear away. The core
barrel itself was also apt to grind the stationary core around which
it revolved so that water descending under pressure through the drill
rod could wash away these crushed particles. Thus the information that
was obtained about the penetrated strata frequently was incomplete and
even misleading, especially if the ground being drilled was soft or some-
what shattered.

The double-tube core barrel comsisted of an outer tube similar to the
original barrel and, next to the core, an inner "floating" tube suspended
on ball bearings in such a way that the outer tube was free to rotate
independently of the inmer one. The descending water passed through the
annular space between the two barrels and did not come in contact with
the core, except where it passed between the core and the bit, so that
the washing action of the water had no effect upon the core. Owing to
independent rotation of the two tubes the core wedged itself so firmly
that the inner barrel remained stationary, except, of course, for the
slow downward movement of the whole string of rods. In this way the
grinding action of the core barrel was eliminated. The core lifter is
attached to the core barrel just above the bit or placed in the inner
cylinder to eliminate all friction between the core and the core spring.

Use of the double-tube core barrel produced a better core, especially
in soft ground. The arrangement, however, was less sturdy than the sin-
gle barrel and it was claimed that progress was slower because of the
more careful handling required. The single-cylinder core barrel con-
tinued to be used in drilling through firm ground where the danger of
core loss was slight.

Actual cutting of the rock in diamond drilling is done by a diamond-set
steel bit, which is usually hollowl® and is made of semiannealed steel

=Y

1“The earliest models had no mechanical means for removing the rods from the hole
and 1t was necessary to move the drill. By 1872 the swivel head had been hinged
80 that it could be swung out of the way and the drill had been equipped with an
Integral hoist operated from the drill engine through a suitable clutch.

16
Although the first diamond drill used an annular bit, solid bits elither convex or
concave were employed for some of the early blasthole and prospect drilling.
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it the diamonds to be set
carbons (carbonados) are
the bit and half on the
permitting removal
d, a solid bit with
The bit is kept
y a current of

hard enough to wear well yet soft enough to perm
Usually six to eight black diamonds Or

in it.
t, half set on the outside edge of

used in each bi
Such bits cut an annular groove in the rock,
y noted; where no core is require
the whole face sometimes is used.
ttings are washed out of the hole b
y a pump through the hollow rods and returns to the
e between the rods and the walls of the hole.

17 ywear and breakage of stones is a major item
rmined efforts to find sub-
ricts, particularly where

inside.
of a core, as alread
diamonds set across
cool and the fine cu
water that is forced b
surface through the spac

Because of high prices
of drilling expense, and engineers made dete
stitutes for the black diamond. In many dist
formations are comparatively soft, the use of bort is fast becoming gen-—

s an imperfect gem stone Or brilliant and is as hard as the

eral. Bort i
and it fractures more

black diamond b
easily. In some
low-grade carbons.
or volomite, and al
have not proved satis
It frequently happens that the drill
About 8g percent of these fishing jobs
involves the recovery of lost bits. The tools used on such jobs include

tapered and pell taps, rod spears, corkscrews made of heavy spring steel,
and other tools of special design. These auxiliary tools are SO effec-
overing lost equipment that the loss of a hole owing 1O An=

ut its structure is crystalline,
instances it has been found more
Various other substitutes such
uminum oxides of various types hav
factory under all drilling conditions.

economical to utilize
as tungsten carbide
e been tried but

er must stop work to "fish" for

a bit or part lost in the hole.

tive in rec
ability to cl

The diamond drill employs O
d the hydraulic feed, pboth of whic

screw or differential feed an
positive in action and are mounted on swivel heads, making it pessible
ith

ear it is a very rare occurrence.

ne of two types of feed mechanisms, the
h are

e differential or SCTeW feed (used W
ing feed screw turins in a specially
n the same direction by means of

so fitted that the screw is fed forward a fraction of an inch with

Most drills carry three sets of gears, only one of
ed rates. Many gear cambinations

to drill in any direction. In th
the first diamond drills) the rotat

designed nut which is also rotated i

gears
each revolution.
which is engaged, thus providing three fe

SR O

177ne price of black diamonds has risen tremendously since they were first used.
About 1870-80 the price ranged from about $5 to $12 per carat. In 1931 small scrap
diamonds were about this price while carbons of 1 carat to over 14 carats cost $115
to $175 per caratl, the price increasing progresslvely with the size. 1In 1933, when
most drilling was stopped, the prices were about 45 percent ljower. See W. Rex
storms, "Diamond-Drill Bits and carbonm," Engineering and Nining Journal, Vol. 134,

No. 3 (Mar. 1633), DPD. 96-8.
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may be obtained, allowing a wide range of feed rates (1 inch for so
to 2,400 revolutions of the screw) suitable to rocks of all degrees
of hardness.

The hydraulic feed was introduced about 1872 and has been substituted
for the screw feed where very deep holes were to be drilled. The mech-
anism is essentially a hydraulic jack in the form of a cylinder contain-
ing a hollow piston and rod by means of which the progress of the drill
rods and bit is controlled. Water under pressure fram an auxiliary pump
is admitted to or released from the cylinder so that the piston, rod,
and an internal hollow driverod are moved in the desired direction. The
drill column is clamped in the driverod and rotated by bevel gears as
in the differential feed machine. In some models the single hydraulic
cylinder was replaced by a pair connected by yokes. By controlling the
flow of water from the lower side of the piston the pressure exerted by
the bit on the bottom of the hole can be governed very precisely; thus
the rate of drilling can be controlled, and the speed of rotation kept
constant. The action of the pressure-control valves is managed so easily
that the full pressure of the piston may be quickly applied to move the
drill rods downward or upward. The task of raising the string of drill
rods is also greatly facilitated by reversing the feed.

The hydraulic is in scme respects superior to the screw feed although
it requires a higher degree of skill to operate. With the latter, the
rate of feed is constant but the pressure may vary widely and perhaps
endanger the bit, but with the hydraulic mechanism, however, the pressure
is kept constant so that the advance varies almost directly and autamati-
cally with the hardness of the rock. Thus the drill runner can quickly
and easily adjust the rate of advance independently of engine speed, a
feature of much value where there are frequent changes in rock hardness.
The hydraulic feed is also better suited to carry the weight of the
drill rods, which in a deep hole may weigh several tons. Until 187y the
deepest hole drilled by this type of machine was 1,142 feet.'® The hy-
draulic feed had then been in use about 2 years, and its particular value
recognized, but it had not then been determined if it "will answer for
deep borings."!® By 1909, however, it was reported that a hydrauli-
cally fed diamond drill in Upper Silesia had bored a hole 7,347 feet in
depth,?? and in 1938 a hole had been bored to a depth of 10,718 feet on

jsiswald J. Helnrich, "The Diamond Drill for
;ys;ems of Boring," Transactions, 4.I.M.E., V
D. 261.

197bid.; p. 251.

Deep Boring,

r Compared With Other
0l. II, p. 2563; see 0

Supplement,

Frank A. Edson, Diamond Drilling With Special Reference to 0il-Field Prospecting
and Development (U. S. Dept. Com., Bur. Mines, Bull. No. 243, 1928), p. 2
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e various advantages of the hydraulic feed, it is
For drilling shallow holes or in
1, the sCrew

the Rand.?! Despite th

not utilized under all conditions.

underground work where light, comp
feed is generally employed.

act equipment 1s essentia

A sl L

FIGURE 14.— A RECENT ONE—-MAN PORTABLE DIAMOND DRILL

The simplicity and completeness of this skid-mounted, gaso]ine—driven
screw—feed drill are evident when it is compared with the 1874 model shown

in figure 13.

n various sizes. The drill of stand-
0 about 373 inches in diameter.
—fed diamond drills, sometimes

1 13" »
bore 17 tO 155-inch holes to

Diamond drills are manufactured i

ard design bores holes that are i

For underground prospecting, small screw

mounted on columns and operated by one man,

21mpne Rand hole 1s described in "New Central Wits. Reef correlation, " The South
African Mining and Engineering Journal, Vol. XLVIII, DU. 11, No. 2351 (Feb. 19,
1928), p. 779. A 13-1inch core Wwas taken.
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depths of 300 to soo feet. The cores yielded by the new small machines
may range from %% to 1% inches in diameter.

The rate of drilling with the diamond drill depends primarily on the
hardness and homogeneity of the rock and on the depth of the hole. In
clay, shale, or slaty rock the pressure must be light to avoid pulveri-
zation of the core, and in shattered rock it is sometimes advisable to
raise the rods after every foot drilled. In hard rock, slower speeds
and higher pressures are used. With increasing depth of hole there is
a decrease in rate of advance for the total or over-all time because
of the time lost in lowering and withdrawing the rods. The time devoted
to actual drilling may range from about 40 to 75 percent of the total
time, averaging about 60 percent, and speeds from about 17 to 10 feet
per hour while drilling. Drilling rates have increased because of higher
rotating speeds which now range from about 300 to 800 revolutions per
minute compared with about 150 to 200 with the early types. Other tech-
nical advances have been notable improvements in drill rods (preventing
much lost time due to breakage), in the strength of comstruction, in

the driving engines, and in increased specialization in design.

The Calyx Drill.- The calyx drill was first used in coal prospecting in
the Australian bush and by 189822 it was employed for borings in England.
Within a few years it was applied for mineral prospecting and for water-
well drilling in the United States.?® For several years this drill was
widely used but its rather limited field of application and improvements
in competing types of drilling machines have relegated it to the back-
ground. Recently, there has been renewed interest in the use of the shot
drill, a modified form of calyx drill, for the boring of very large
(60~ to 66—inch) holes.

The calyx outfit consisted of an engine and hoist, with a tripod or
derrick, and the drill and drill rods which were chain- or belt—driven
from the engine.®* The drill rods were hollow and water was forced
through them by a pump; in small models they were rotated by bevel gears
as in the diamond drill. Pressure was applied to the bit by a cable
attached to a yoke on the drill column and wound on small drums manually
turned with a worm gear. In larger models and in deep holes the weight

22 - N
Francis H. Davls, "Davis Calyx Drill" (plus discussion following article),
{gg@ﬁactzonszg; the Institution of Mining Engineers, Vol. XV (Newcastle-upon-Tyne:
». Pp. 363=77, Cf. also "The Davis Calyx Drill," Engineering and Minin
Journal, Vol. LXV, No. 8 (Feb. 19, 1898), p. R23. & g el

23

Voi. i;lgrigsmage?N"Minigg fracnice in Southeast Missouri," Mines and Ninerals,
01. XXII, No. ov, 1901 p. 148; and "Drilling Without Diamonds," Ni

Minerals, Vol. XXV, No. 7 (Feé. 1905); D. 347, 2 s 3 Monesecie

24
For a detailed description of early American types see L. V. E 1 e
. de cript f T ri S . V. Emanuel, "Cor
Drilling With The Davis Calyx Drill," The School of Mines Quarterly, a Jou;nal o;
Ap$l£?§4gftence' Vol. XXIII, No. 3 (New York: Columbia University, Apr. 1902),
pp. 219-33, :
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64 ROCK DRILLING

of the boring column was generally adeguate to produce the necessary

pressure. The feed rate was adjusted by means of the hoist that carried

the cable from which the boring tools were suspended. Another type of
machine used a rack-and-pinion with a hand-ratchet lever. Although this
arrangerment permitted delicate adjustment, great pressures could not be

exerted because the leverage was small.

The ordinary (or Davis) bit used in the softest material was annular

and much like the "saw" bit occasionally employed with the diamond drill;
the principal difference was in the shape and length of the teeth. This
bit cut with a peculiar chipping action not unlike that of a stonemason's
hammer and chisel. The teeth were forced into the rock and, as the rods
turned, the torsion broke chips from the rock and the bit teeth sprang

forward to a new seat. Because of this action the rotative (peripheral)

speed was lower than that of the diamond drill. To cut rock harder than

that in which the toothed bit was effective, the shot bit was developed.?®

Tt was also an annular steel bit and had one or more slots cut into the

side so that the small, hard, chilled-steel shot came in contact with
and cut by pressure and

the rock below and immediately outside the bit
th the toothed bit.

abrasion. Peripheral speeds may be higher than wi
a coring machine and gets its name from the annular
space left between the relatively small drill rods and the larger tube
inserted in the column above the core barrel. The cuttings are carried

upward by the high velocity of the current of fluid moving through the
! inch) between the core barrel and the hole

small space (about 3 tO %

walls, and drop into the calyx because of the sudden decrease in velocity
at the enlarged space at its mouth. Core barrels are much like those
used with the diamond drill. Tnclined down-holes may be bored with

either type of bit although the limit for the shot drill is about 4s°
from the vertical.

mechanism in the larger of the modern calyx drills differs
The top section of the drill rod is

The calyx drill is

The driving
from that of the diamond drill.
e - or nearly so — and passes through a hole in a heavy steel or

squar
otates on roller bearings and has a ring gear on its

cast—-iron disk that r

under side. A pinion driven by belt or a chain drive from the engine

turns this disk; the rotary motion is communicated to the drill column by

28payis cannot be credited with this innovation, for it had been used, presumably
with a rotary or dlamond drill, several years before he described the calyx drill.
WThe Shot Process of Drilling,n Engimeering and Mining Jourmal, Vol. LV, NO. 21
(May 27, 1893)s DP- 485, states: ®In this method of drilling through rock steel
shot are poured inside of the drill pipe, into a ring or channel made in the rock

. [Shot was used as a substitute for

by a few revolutions of the plpe.
dlamonds which cost 3 to 4 times as much as they had a few years earlier.] The

National Boring and Drilling Co., which owns the process recently put down near
Seranton, Pa., a test boring 8 inches in diameter 3g0 ft. deep."
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SURFACE DRILLING 65

FIGURE 15.~ A BATTERY OF CALYX DRILLS

The machines shown were used for geological exploration at Tva dam sites.
They cut cores 36 and 72 inches in diameter, using shot as an abrasive.
A piece of 36—inch core is shown at the lower left of the photograph.

arms or "keepers" that rest against the flat sides of the top drill-rod
section and fit into the hole in the rotary or turntable. Thus the rods
may slide freely as they are revolved and the rate of feed may be gov-
erned as already described.

A very large and unique coring device - which may be called the Newsom
drill after its inventor - holds much promise for the future.26 It

287 date, two deep and very large-diameter holes have been successfully bored.
See J. B. Newsom, "Shaft Boring Found Inexpensive and Safe, " Eg;inee¢ing and Mining
Journal, Vol. 137, No. 9 (Sept. 1838), DD. 443-8. Cf. J. B. Newsom and C. F.
Jackson, Shaft Sinkimg with a Shot Drill, Idaho Maryland Mine, Grass Valley, Calif.
(U. 8. Dept. Int., Bur. Mines, Inf. Cir. No. 8923, mimeo., Oct. 1938); and "New
Advance Scored in Boring Holes of Large Diameter, n Engineering and Mining Jowrnal,
Vol. 139, No. 10 (Oct. 1938), DD. 39-41.
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66 ROCK DRILLING

consists essentially of two units, both of which are raised and lowered
by a separate hoist on the surface near the hole. In addition, a crane or
derrick is required to set aside the drill proper, handle the core bar-
rel, and move the extremely heavy pieces of core (the largest piece moved
to date was about 14 feet long and weighed over 20 tons). The borer unit
is a very large shot bit and core barrel with a drive shaft that extends
upward into a cabin. This cabin is wedged to the hole walls with screw
jacks and contains an electric motor, the driving mechanism, and the
control devices, and is large enough so that the runner remains within it
and closely governs the operation. Tn the first drill of this type the
core barrel and lifter were combined, but in the latest design there is
a separate core lifter.

The large rotary borer is not a prospecting drill but replaces the
rock drill in shaft sinking. Because of its great size and weight (the
device is nearly 30 feet high and weighs about 15 tons) it cannot be used
underground. The calyx or shot drill, however, has been used for boring
holes as large as 20 inches in diameter underground and has recently been
employed to provide ventilation openings between the bottom levels of
a deep mine.?7

The Hydraulic Rotary Drill.- The hydraulic rotary drill was developed,
and is now widely used in drilling for oil and gas.?® In the eighties®®

such a drill was employed to sink a well in Louisiana, but it was not
until 1901 that the hydraulic rotary drill, after repeated failures of
pole-tool and cable rigs, succeeded in penetrating the soft strata of the
Gulf coastal plain in the spectacular Spindletop oil field near Beaumont,
Texas. After this success the possibilities of the rotary method were
recognized®® and within the next decade about 10,000 wells were drilled
with this machine. Because certain types of rocks greatly reduce the
effectiveness of the rotary drill it has only occasionally been used for

metal prospecting.®!

27vichael P. Tierney, "The Calyx Core Drill," Nining Congress Journal, Vol. 24,
No. 11 (Nov. 1838), pp. 14-9.

28For a description of rotary drilling in oil and gas production see 0. E. Kiessling
and otners, Technology, Employment, and output der Man in Petroleum and Natural-Gas
Production (WPA National Research Project in cooperation with U. S. Department of
the Interior, Bureau of Mines, Report No. E-10, July 1939), pp. 80-5.

nghe exact date of the first American application is in doubt. Albert G. Wolf,
in "The Rotary Method of Well Drilling," Engineering and Mining Journal, Vol. 108,
No. 5 (Aug. 2, 1919), D. 171, states that the first well was drilled in 1888 by
B. Andrews, ST., of New orleans. Howard R. Hughes, in nA Modern Rotary Drill,"
Pransactions, A.I.M.E., Vol. LI (1918), p. 620, gives 1880 as the date.

3015a1ah Bowman, Well-Drilling Methods (U. S. Dept. Int., Geol. Survey, Water
Supply Paper No. 257, 1911), p. 30.

Blnyan Dyke Copper Prospects With Rotary Drill," Engineering and Mining Journa l-
Press, Vol. 120, No.- 9 (Aug. 29, 1925), p. 344. The rotary drill has been used
also in exploring saline deposits 1n Nevada.
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FIGURE 16.— MODERN PORTABLE HYDRAULIC ROTARY DRILL
USED FOR PROSPECTING

_Although intended primarily for seismographic prospecting for gas and
0il, this rotary drill may be used for any driiliq% in soft to moderately
hard strata. Machines about this size can drill 5-inch holes about

1,000 feet deep. Larger portable drills with greater range are also avail-
able and are increasingly popular.

The draw works and power plant of the large hydraulic drills used in
drilling for oil and gas wells are replaced by the truck engine with inde-
pendent power take-offs to drive the drill, the slush pump (seen directly
behind the truck cab in the photograph), and the hoists which are mounted
directly below the welded, tubular-steel, folding derrick. The cathead,
which is equivalent to the turntable of large units, is at the center rear
of the truck just below the usual too] string. In some models a hydraulic
feed may replace the gravity feed for drilling in harder formations.
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68 ROCK DRILLING
The hydraulic rotary rig is usually much larger and more powerful than

the standard shot drill or the ordinary cable-tool rig. It consists

essentially of a large derrick; engine; "draw works" or hoist that is

usually the power—distribution center for all power-driven parts except
the pumps; a rotary platform or turntable; a hollow drill column com-
posed of a "grief stem" or "kelly" (a hollow driving rod usually square
in cross section and fitted into the turntable); drill pipe; bit; and
slush pumps. The drill column is suspended from a cable that passes over
blocks at the top of the derrick to the multispeed hoist that governs the
rate of feed and raises or lowers the drill column. The rotary table

usually is driven by chain or shaft and imparts its motion to the grief
stem and drill pipe.

Although casing may support the hole under certain conditions,®
special feature of hydraulic rotary drilling is that the mud-laden fluid
used as the circulating medium frequently provides the only support re-
quired. As early as 1889 it was noted that a thick mud supported the
walls®® of the hole so well that relatively great depths could be reached
without casing; it was not until about 1910-15, however, that its use
Such muds are simply suspensions of finely ground

2

attained prominence.
insoluble minerals, such as shales, clay, iron oxide, or other heavy

minerals in water. They are forced by the slush pumps through the drill
column to the bit and up around the drill pipe to the surface, where
they are collected in pits and re-used after settling or being otherwise
treated to remove the drill cuttings. The fluids have several functions,
the most important®* of which are to carry cuttings to the surface, keep
the bit cool, prevent caving, seal the pores of permeable strata, and to
prevent blow-outs as the weight of the heavy mud column®® counteracts

pressures met upon penetrating 0il and gas formations.

32w1th most types of surface-drilling equipment, casing has been used when soft or
caving ground was encountered and drilling continued with a smaller bit. This
practice evolved from the use of hollow sycamore 1ogs- or "gums" more than 130 years
ago in drilling salt wells on the Kanawha River in West Virginia. See Hale,
op. cit., pp. 281-7.
33wolf, loc. cit.; also I. N. Knapp, in "The Use of Mud-Ladened Water in Drilling
Wells, " Transactions, A.I.M.E., Vol. LI (1918), pp. 571-2, stated that the success
of the hydraulic rotary method was dependent on the proper use of mud-laden fluid
and that this method was the only one successful in wells over 200 feet deep in
the soft coastal plain sediments. He also said that the use of mud-laden fluld was
suggested by Fauvelle, a French engineer, in 1833. A translation of Fauvelle's
paper is given in the Jowrnal of the Franklin Institute, Vol. XII, 3d ser. (1846)
pp. 369-72.
341 ester C. Uren, Petroleum Production Engineering (2d ed.; New York
Book Co., Inc., 1934), p. 230.
25, .
9%\vud-laden fluids ‘are occasionally used with standard cable-tool rigs. For de-
scription of such unusual application see: James 0. Lewls and William F. McMurray,
The Use of Mud-Laden Fluid in Oil and Gas Wells (u. S. Dept. Int., Bur. Mines,
Bull. No. 134, 1918), pp. 12-3; J. A. Pollard and A. G. Heggem, Mud-Laden Fluid
Applied to Well Drilling (U. S. Dept. Int., Bur. Mines, Tech. Paper No. 68, 1914),
21 pp.; A. G. Heggem and J. A. Pollard, Drilling Wells in Oklahoma by the Mud-
Laden Fluid Method (U. S. Dept. Int., Bur. Mines, Tech. Paper No. 8, 1914)
27 pp.; and A. Beeby Thompson, 0Oil-Field Exploration and Development (New York:
D. Van Nostrand Co., 1925), II, 882-6, 840-3.
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SURFACE DRILLING 69

A fishtail bit that could scrape its way through soft material was
first used in rotary drilling, but in 1908 the cone bit was invented.2®
This bit made it possible to drill much harder strata and greatly in-
creased the usefulness of the rotary drill. It consisted of cone-shaped,
hardened steel wheels with toothed surfaces mounted radially on pinions
so that they could revolve freely as the drill column was rotated. Bits
of this type and modifications, such as the roller and disk bits, cut by
attrition or disintegration.

Barly types of the rotary drill were designed primarily for coring. In
one form the bits and core barrels were like those of the Davis calyx;
when the core barrel was filled, heavy pressure would be put on the bit
so that the (inside-set) teeth were bent far enough inward to hold the
core as the rods were pulled from the hole. Special fishtail and cone
bits have also been designed for coring,®’ and used mainly in drilling
0il'and gas wells. Of special interest in recent years has been the
notable progress in the development of portable rotary drills mounted on
heavy trucks. Such models have been used widely for shallow-hole work,
especially in seismographic prospecting, and more recently they have

been employed in drilling to considerable depths in oil- and gas-field
development.

Although development of the hydraulic rotary drill was a tremendous
advance in oil-field technology and made possible the boring of holes
nearly 3 miles deep®® - roughly twice the greatest depth reached by the
cable-tool drills®® and one and a half that by the diamond drill4® —
it has not been used extensively in other branches of mining.

BLASTHOLE DRILLS

Blastholes must be drilled for virtually every type of surface-mining

operation.*!* The kind of drill employed is determined by the charac-

ter and hardness of the rock, the topography of the area, the type of

36 ;
Hughes, op. cit., p. 621.

?or a description of rotary core barrels see John R. Suman, Petroleum Production
Methods (1st ed.; Houston, Tex.: Gulf Publishing Company, 1921), pp. 36-40.

38 -
One well at Kern County, California, was drilled to a depth of 15,004 feet in

1938, See Kiessling and Others, 0p. cit., D. .

39

Q,A deep test we}l on the Goff farm in West Virginia reached a depth of 7,388 feet
early in 1918. It was then said to be the deepest well in the world. See Mineral
Rfso?{ces ?f the United States, 1918 (U. S. Dept. Int., Geol. Survey, 1921)
pt. II, p. 1010. : R

See pp. 81-2.

3

El%sthole drilling is not limited to mining. Rallway, highway, canal
goneruction, and excavation for building foundations, for example, are of
rock and the techniques employed are those of open-cut mining and quarrying
ES §ome evidence that mining and quarry procedures have evolved to some e
,hofe first utilized in public works. Early steps were made toward mec
?f the drilling process with the use of the crude Singer drop drill in tr
:n canal work and the piston drill was first used in rallway=tunnel bu
in the sixties. 5 S
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70 ROCK DRILLING

operation, and other comsiderations. To facilitate discussion, drills
used for blasthole boring in general-type quarries are first described,
and descriptions of drills used for the same purpose at dimension-stone

quarries and at open—cut metal mines follow.

The distinction between the two types of quarry operations is made on
the basis of the differing products and the consequent difference in
working methods. The ordinary general-type quarry plant may produce
cement materials, crushed stone, fluxing stome, road metal and rail-
way ballast, and other types of crushed or broken products. It is con-
cerned primarily with dislodging and shattering rock that usually must
be crushed and sized further before it is ready for use. The dimension—
stone quarry, on the other hand, produces blocks of stone for building
and ornamental purposes, and the principal problem is to break the rock
along predetermined lines or to confine the breakage to lines of weakness
inherent in the particular rock mass. Shattering or even promiscuous
cracking of the rock must be avoided. In consequence, the techniques and
tools employed in drilling in the two types of quarries are dissimilar.

Blasthole Drilling in General-Type Quarries

Drilling in general-type quarries may be divided into two categories,
primary drilling for blasting to dislodge the rock and secondary drilling
(or "block-holing") for blasting to break the boulders dislodged in the
primary blast into sizes that can be conveniently loaded.4?

Among the factors that must be considered in choosing a blasthole drill-
ing technique are the hardness of the rock, the presence or absence of
crevices or pockets, the degree of frdcture, and the dip and bedding of
the strata. The height of the working face also influences the effec—
tiveness of the drilling process employed but, unlike the factors enumer-
ated above, may be controlled to some extent by the operator. Before
rock drills were introduced, the height of the working face depended
largely on the depth to which holes could be drilled by hand. The de-
velopment of mechanical rock drills, however, gave the operator a wide
choice as to the height of the bench worked provided the deposit was
relatively thick. Thinness of deposits and limited range of available
drilling equipment were factors that curtailed the element of choice.
4ZSeveral other methods are also employed for secondary breaking, such as sledging,
nmudcappingt, and "steel balling." Mudcapping is the process of breaking rock by
placing an explosive on tOD of the rock or boulder instead of in a drilled hole
end covering it with a damp cohesive material (mud or clay) to hold it in place
until detonated. Although this is a quick method, 1t 1s fnefficient in the use of

explosives. Steel balling consists of dropping a ball of steel or cast iron onto
the boulder from a height of 20 feet or more. Such a ball usually is ralised and

dropped by a power shovel.
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If but one type of machine was available, the height of the working face
was limited to that at which the given type of machine could function
most effectively. Introduction of the piston drill into gquarry work,
for example, increased the height of a workable face to about 15 oOr 20
feet — about the limit to which the early piston machine could drill
satisfactorily under ordinary conditions. On the other hand, if the
height of the working face was rigidly fixed, the kinds of drills that
could best be used were those that would function most effectively at
that height. Finally, wide alternatives regarding the height of bench
existed only at operations where the beds worked were relatively thick.

The general adoption of power surface drills for work in quarries was
a very slow process. Perhaps the major deterrent was lack of capital
required to purchase the drills and to provide auxiliary equipment and
accessories. Tradition and local custom also were not changed readily,
and the early machines frequently could not be used where quarry condi-
tions or the types of products desired were unusual. Not until after
the turn of the century, when the rapidly rising demand for cement and
crushed stone necessitated greatly increased daily output, did the adop-

tions of mechanical drills increase extensively.

Motive Power.— The piston drill was probably used in quarries as early
as the seventies but was rare until the next decade.*® From the begin-
ning of and well into the present century, steam powered the drills used
for surface work, although the use of compressed air and other actuating
forces increased steadily. Steam was employed because portable or sta-
tionary boilers of suitable size were widely available, and the capital
outlay was much smaller than for an air-compressing plant. Nor was there
objection to steam as in underground mines. Further, a somewhat smaller
volume of steam than of air was required to actuate the drill*# and if
there were no line losses less fuel was needed to run the drill with
steam. In practice, however, small boiler plants were inefficient and
losses of steam very high. Bven with insulated pipe lines, condensation
losses, in cold weather especially, were large. Furthermore, the drill-
ing machine sometimes was damaged by sudden expansion and was difficult
to handle because of the heat, so that small, hand-held drills could not

“3wa Big Blast,n Engineering News and American Railway Jowrnal, Vol. XXII, No. 38
(Sept. 21, 1889), pp. 288-9. This was, as the writer celled it, a "notable® event.
Although there d been other and larger quarry blasts, 20,000 to 25,000 tons were
estimated to have been broken in this particular blast and it was thought to
have been the first time that rock drills were used to drill holes 30 feet deep.
Mechanical drilling was undertaken because the quarry owners foresaw the need of
mass production due to the rapidly growing use of rock for rstone roads" and
railway ballast.

i4Dr111 designers estimated about 10 percent less. See Richard T. Dana and
W. L. Saunders, Rock Drilling (ist ed.; New York: John Wiley & Soms, 1911), D. 33.
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72 ROCK DRILLING

be used. These and many other disadvantages45 encouraged operators and
technologists to seek better methods of power transmission and use.

Electricity appeared as an economical and convenient source of power

with low transmission losses. The electric drill was one of the first

attempts to utilize electric power in mines, and they were in use in
a limestone quarry as early as 1893.46 The actual power requirements of
these drills were not great compared with those of air or steam drills
but they were heavy, heated rapidly, and lacked power on the backstroke.
Percussive and hammer-type electric drills were tried but were discarded
for the reasons cited on pages 38-9.

The success of compressed air in underground mines and its advantages
over steam brought about its adoption in quarries. The striking re-
sults that followed successive changes from hand to piston drilling with
Steam and then with compressed air are illustrated by reports for an Ohio
quarry early in the nineties and are summarized in table 4. At this

Table 4.- COST OF DRILLING AND REAMING WITH HAND, STEAM,
AND COMPRESSED-AIR DRILLS AT AN OHIO QUARRYa

. Cost in cents
Feet drilled per foot
Date Method
Total Top Side Total Drllllgg
hole hole only
Sept. 1891 |Hand 6,238 | 4,447 | 1,791 776:(3)
Sept. 1892 | Steam piston drill 7,503 | 5,829 | 1,874 8.5 4.7
Sept. 1893 | Compressed-air 10,401 | 8,007 | 2,394 4.3 2.5
piston drill

8Compiled from "Improvements in Quarrying Machinery," Engineering and Mining Journal

Vol. LIX, No. 18 (May 4, 1895), p. 416.

bThe article states that "all blacksmith work, all fuel and oil for hoists and pumps, etc.
are charged agalnst the drills." The figures (costs) were for reamed holes ready for
blasting. "Taking out the cost of reaming and making fair allowance for oil, coal, boller
attendance, etc., properly chargeable against the hoists, pumps, etc., since they ran full
time and the drills but 17 days (for 4 drills) the cost of drilling is" as given in this
column. Reaming, or enlarging the drill hole, was probably done by the Knox system of
elongating the hole along the line of the desired break.

time manufacturers claimed that with the improved compressors there "is

secured at the drill end of the transmitting pipe 88% net efficiency,
while under the same conditions steam would give about 40%."47 The

45For a detailed discussion of the comparative merits of steam and compressed
air, the reader is referred to Halbert P. Gillette, Handbook o Rock Excavation
(rev. ed.; New York: McGraw-Hill Book Co., Inc., 1918), pp. 232-

48ngjectric Drills in Quarry Work," Engineering News and American Railway Journal,
Vol. XXIX, No. 21 (May 25, 1893), p. 494. This was a solenoid type of machine
similar to the ordinary piston drill and was tripod-mounted. The plston was made
of a soft steel that was attracted and repelled by a current of electricity that
alternately passed through coils of wire placed at the ends of the cylinders. The
stroke length was about that of the regular piston drill but the number of strokes
per minute was much higher and it was reported to drill rapidly.

A7
47w Improvements in Quarrying Machinery," Engineering and Mining Journal, Vol. LIX,
No. 18 (May 4, 1895), D. 418.
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SURFACE DRILLING 73

change in motive power brought about a pronounced increase in drilling
effectiveness that is discussed later in this study.

The Piston Drill.- Usually only shallow holes of small diameter were

bored with the hand hammer-and-drill. With the hand churn drill, larger

and deeper holes were put down. Although hand drilling was used widely

until the first decade of this century for drilling primary blastholes,
the outstanding superiority of the piston drill for that purpose became
more and more evident. This machine drilled holes s inches or more in
diameter to a depth of 15 or 20 feet and not uncommonly to 30 or more.
As the larger holes held more explosive than the hand-drilled omes they
could be spaced farther apart and resulted in more rock broken per foot
of hole; the greater depth attained increased the height of bench two or
three times that prevalent with hand drilling. Nevertheless, the use of
the piston drill presented special problems for large-scale production
operations at deposits thicker than the average drilling depth.

FIGURE 17.— EARLY PISTON DRILL IN A QUARRY

. The tripod on which this early (abput 1885) drill is mounted was invented
in 1871, The tripod made this machine highly useful in quarry work but it
was not widely adopted until the eighties.

Drilling requirements also were affected by increased use of the power
shovel. By 1893 the power shovel was being used in quarry stripping,48
and not later than 1901 it was applied to the loading of broken stone.
The early shovel was not the efficient, mobile, full-swinging type in

48

E._A. Heqrmann, "Steam Shovels and Steam Shovel Work," Engineering News and
f?éftca? Railway Journal, Vol. XXIX, No. 17 (Apr. 27, 1893), p. 387. Cf. continu-
ation of this article in Vol. XXIX, No. 24 (June 15, 1893), p. 562.
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74 ROCK DRILLING

widespread use today but one of small dipper capacity and slow speed
that worked from a railway track and could swing through only about

a half circle. BEven with its limited-action radius and crew of 2 or 3

men to operate and fire the boilers and 4 to 6 pitmen to move track and
perform other tasks it was said to do the work of 60 to 120 men.4°® To
utilize such a machine efficiently the quarry manager had to provide

large quantities of stone broken to a size that the shovel could handle.

The piston drill served this need by its ability to drill holes about

20 or more feet deep. If the rock deposit was thicker than the maximum

practical drilling limit of the piston drill, the guarry had to be worked
on a multiple-bench system. This method necessitated employment of much
hand labor for clearing the benches and for track work, and often inter-
fered with the continuous operation of the shovel.

Use of the power drill also raised added problems of secondary drilling.
Fven with hand drilling, some rock fragments were too large to be handled
and with the greater hole spacing and burden®® of power drilled holes
the number and size of the fragments increased. To reduce them to shovel
size much hand labor was needed for block-holing. Of greater consequence
was the hindrance to steady shovel operation created by the need for
frequent secondary blasting. With hand loading, the quarry tracks were
1aid out with numerous loading points, and if secondary blasting stopped
work at one place the total production was not materially affected. But
if a large mass were in the way of the shovel loading had to cease while
the boulder was being drilled and blasted, and the output suffered.

The Portable Churn Drill.— The problem of increasing the bench and
quarry height and providing an ample supply of properly broken stone
ahead of the power shovel on a single level was not solved until the
portable power churn drill was brought into use for drilling relatively
large-diameter deep holes. A good illustration of how progress in drill-
ing solved the multiple-bench problem was afforded by a railway con-
struction job that involved quarrying on a large scale. The building of
a large railroad yard in 1903®! was not proceeding with the desired ra-
pidity. An excavation averaging 7s feet in depth was being made (mostly
in shale so soft that piston drills were not satisfactory) and drilling
was accomplished with three-man hand churn drills putting down 20- 1O
30-foot holes. Three benches were therefore necessary. Although 300

497p:4., Vol. XXX, No. 5 (Aug. 3, 1863), p. Oi.

5°Generally speaking, the shortest distance from the hole to the quarry face.
51"Qonscrucclon Work On The Pennsylvania R. R. Between Harrisburg and Gallitzin,"
Engineering News, Vol. L, No. 13 (Sept. 24, 190%), pp. 273-8; and W. R. Hulbert,
"The Work of Well-Drilling Machines On The Pennsylvania R. R. Low-Grade Freight
Line," Engineering News, Vol. LV, No. 15 (Apr. 12, 1906), pp. 419-20.
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SURFACE DRILLING 75

to 4oo laborers were employed for drilling, they could barely keep 10
steam shovels at work. The contractor then adopted the small (4- to
8-horsepower ) wagon-mounted well churn drill that could drill 43— to
6-inch holes 250 to yoo feet deep. These machines bored 20 to 8o feet
in 10 hours and averaged 48 feet. In soft soapstone as much as 100 feet
was attained, but in hard limestones the rate was as low as 5 or 10 feet.
The contractor reported the actual cost of power drilling to be about
one-third that by hand. The greater advantage, however, was the shift
to a single-bench type of operation, and the 17 churn drills in use broke
more than enough rock to keep 22 shovels loading continuously.

The success of the churn drill at the operation cited above encouraged
the contractor to employ it later on a much more difficult quarrying
job.52 In this case, the rock was a hard gneiss and mica schist, with
many seams and widely varying dip. The topography was so rugged that
the drills had to be lowered to drilling sites quarried in the rock by
hand, and the rock-cut was as deep as 135 feet. In spite of all these
difficulties the churn drills averaged 19% feet in 10 hours with a range
of 11 to 60 feet in holes 75 to 128 feet deep. (On the same job piston
drills were used to put in "toe" or "snake" holes®® up to 35 feet in
depth and averaged 4o to 6o feet in 24 hours. The use of churn drills
at this operation might appear uneconomical because roads had to be cut
for their transport and because four men, sometimes with horses, were
required to supply two drills with bits. Nevertheless great economies
were reported from the greater efficiency of blasting with deep holes
instead of 25—~ to 30-foot hand-drilled holes, and from the reduction in
hand labor required for clearing benches that accompanied the shift from
the use of the multiple to the single bench.

In 1905 at least one quarry was drilling 18-foot holes with the power
churn drill and current advertisements of drilling equipment indicate
that greater depths were attained.®* By 1908, steam-driven churn drills
were boring blastholes over 100 feet deep in limestone quarries,®® and
in the next 2 years electric- and gasoline-driven drills came into use.B5®

52
_ﬂ”TPe Pennsylvania Railroad Low Grade Freight Line from Harrisburg to Atglen,
Fa., Engineering News, Vol. LIV, No. 28 (Dec. 28, 1805), pp. 877-80. Well drills
ggre In use here at least as early as July i, 1905.
54Near1y flat holes bored into the quarry face at the floor level.
ngton G. Cope, "Blasting inQuarries," Rock Products, Vol. IV, No. 7 (Oct. 1905),
P. 6l1. Oee also well-=drill advertisements which appear for the first time in
this issue.
55
:6"31g Racine Quarry," Rock Products, Vol. VIII, No. 4 (Oct. 22, 1808), pp. 25-6.
““MAn Electric Driven Well Driller for Making large, Deep, Blast Holes," Rock
gto%%éiij fol. ¥Xé No. 1 (July 22, 1909), p. 40. See afsoB. G. Cope, "A Coﬁparison
I rlc and Gasoline Driven Blast-Hole Drills," Engineering News, Vol.
No. 26 (Dec. 29, 1910), p. 722. : 5 S S
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76 ROCK DRILLING

These changes in motive power were part of the advance in drill construc-
tion and efficiency that included a wide variety of technical improve-
ments. The wide use of the power churn drill for blasthole drilling
in quarries filled a long-felt want,%7 and the rapid expansion of the
crushed-stone industry was the main factor in the development of the
portable churn drill as a blasthole drilling machine.

Although the outstanding development in quarry practice between 1905
and 1917 was the shift from the multiple-bench (in which the stages were
usually not much over 20 feet high) to the single-bench operation (in
which the stages were the height of the guarry face and frequently ex—
ceeded 100 feet), the widespread adoption of this system and of the power
churn drill was a gradual process. It already has been noted that there
was a pronounced lapse of time between the introduction of any drill-
ing device and its general acceptance. For example, the churn drill
for quarry blasthole work came into use about 1905, but nearly 4 years
later an editorial writer remarked that the "newest innovation" in deep
drilling in quarries was the use of the well drill.®® In the following
6 months, trade publications reported other installations and one ob-
server stated a year later that the tripod-mounted piston drill was being
rapidly displaced by the churn drill. It was not until 1919 that many
hundreds of churn drills were reported in use. While the churn drill was
being accepted more generally, the piston drill began to campete with
it for use in moderately deep drilling. About 1909 the improved piston
drill was mounted on a truck or movable frame and there was added a'small
derrick with hand or power winch to handle the long, heavy drill steel.
Holes about g inches in diameter and 40 to so feet in depth could be
bored, and it was claimed that "the labor cost [was reduced] %5% as com-
pared with the ordinary methods of operating."®®

Neither the heavy wagon-mounted piston drill nor the churn drill was
suitable for secondary drilling. Even the regular piston drill was not
well-adapted for this work, although some of the lighter models were so
used. In the 10 years following 1903, secondary drilling was performed
with the plugger drill, and later with the faster- and harder-hitting

jackhammer .

57"Rock Drilling," Rock Products, Vol. VIII, No. 10 (Apr. 22, 1908), p. 28.

58nynat Is the Blasting Limit?" Rock Products, Vol. VIII, No. 6 (Dec. 22, 1808)
p. 20.

59"An Electrically-Operated Quarry and Plant for Production of Broken Stone at
Gary, Ill.," Emgineering News, Vol. 62, No. 17 (Oct. 21, 1908), p. 423. See also
mA Traction Rock Drill for 5-in. Holes 50 Ft. Deep," Engineering News, Vol. 65,
No. 20 (May 18, 1911), pp. 600-1, in which it was said that this drill could do
the work of 5 tripod-mounted drills with 10 men. The forerunner of this type
was described in Frank Richards, "A Novel Locomotive Rock Drill and a Remarkable
Drilling Record," Engineering News, Vol. 62, No. 23 (Dec. 2, 1909), p. 610.
Though the earlier drill was crude, 1t was sald to have accomplished more with two
men than four tripod drills with eight men.
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SURFACE DRILLING 77

Uther developments tended further to circumscribe the use of the piston
drill. It had long been the custom to use this drill for toe holes to
aid in fragmentation and to make a regular quarry floor. About 1910,
however, good hollow drill steel could be obtained in lengths greater
than the 4- to 8-foot pieces previously available; and the light one-man
jackhammer using such long steels came into use where relatively short
holes were required. There was also a revival of "tunnel" blasting®? -
a method suitable where rugged topography rendered it difficult or im-
possible to move the large and heavy blasthole drills from hole to hole,
where hard or broken ground seriously reduced the rate of churn drilling,
or where large rock masses were desired for harbor, jetty, or dam build-
ing. In the restricted space of these tunnels the piston drill could not
be used advantageously but the jackhammer was particularly effective.
Where more complete fragmentation was desired, particularly in quarries
where the benches were more than 100 feet high, a combination method of
power churn drilling with "coyote holes" was introduced in 19268 and is
still being utilized successfully in many quarries.

The Drifter Drill.- The drifter hammer drill, which had displaced the
piston drill almost completely in underground work, also made progress
against the piston drill at surface operations. It was not until reason-
ably satisfactory methods of manufacturing long, hollow drill steel were
developed, however, that the drifter began to replace the piston drill
in quarrying. Moreover, surface work required heavier, more powerful
machines than those used underground, and such models had to be developed
and tested. Thus it was about 1917 before drifter drills were available
for boring 30-foot holes having a 2-inch diameter at the bottom. 62

Following the practice already established with piston drills, drifters
were mounted on wagonlike frames which expedited moving and setting up
the drill. The derrick mounting appeared in the early twenties and sig-
nificantly increased the efficiency of the drifter for quarry work. 8%

GOKnawn also as nmcoyote-hole" or "gopher-hole" blasting. In this quarrying method
a small tunnel 3 by 4 feet in cross section is driven Into the quar
about the floor height. The length of this opening is always less than the face
helght and depends on the character of the rock, the degree of fragmentation
desired, etc. From the end of the tunnel, crosscuts are driven in opposite
directions and approximately parallel to the quarry face. The explosives are
usually placed along these crosscuts.

Although this method had been employed in Great Britain about &0 years
1ts first use in the United States was in the winter of 1877-78 at 1
quarry in eastern Pennsylvania.
G1es

Ne}l Drill and Coyote Hole Blasting in Combination," Rock Products, Vol. XXIX,
No. 11 (May 29, 1928), pp. 33-7.

Joseph H. Walshe, "Deep Hole Quarry Drilling with Hammer Type Drills," Rock
Products, Vol. XXVIII, No. 11 (May 30, 1925), Dp. 46-7.

83 =
; fDEYQiODmEHIS in Machinery and Equipment - Drilling and Blasting," Rock Products,
Vol. XXVIII, No. 26 (Dec. 26, 1925), pp. 188-9
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78 ROCK DRILLING

FIGURE 18.— DERRICK—-MOUNTED DRIFTER DRILL

This machine competes with the churn drill for blasthole work in stone
quarries and open—cut mines. |t has high mobility and very high drilling
speed and the drill, as well as long drill steel supported by the ring at
the top of the steel derrick, is easily handled with a small power hoist
mounted on the machine frame.

some models have a power screw feed and the derrick frame may be inclined
so as to drill holes in any direction. The earliest models of wagon-
mounted piston drills were said to have done as much work as four tripod—
mounted piston drills. Late hammer types will accomplish about double
that amount.

There were several types similar in principle. One consisted of a sub-
stantial, wheeled derrick about 16 feet high and a heavy drifter mounted
on a slide carried by the vertical uprights of the derrick. The drill
was raised and lowered with a wire rope attached to a power winch; a sec-
ond winch was provided to handle the drill steel. The feed was effected

by gravity and controlled with the winch, and it was claimed that this
model could drill go-foot holes with a 3-inch bottom diameter.®® TLater

844a1she, loc. cit.
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SURFACE DRILLING 79

types were provided with an air engine-driven screw feed which allowed
a wide range of pressures. Thus the driller could take advantage, as
with the hydraulic-feed diamond drill, of changes in rock characteristics
and could keep the machine operating at its optimum rate. Improvement
in both the drilling mechanism and the rig makes the later models very
different from the early piston-type wagon. Steel has replaced wood,
the drill-supporting frame may be inclined so that holes may be bored at
any angle, rubber-tired wheels are swiveled so that they may be turned
out of the way or the rig easily brought into any desired position, sim-
ple manifold connections are provided for air and water, and all control
valves are within reach of the operator's hand. The modern derrick-
mounted drifter is a one-man drill. Although it generally drills holes
only about one-half the diameter of those of the churn drill its light
weight and high speed make it perhaps the most effective drill available
for holes within its depth range.

The outstanding drills in modern quarrying are the churn drills and the
derrick-mounted drifter drills. Rock characteristics permitting, each
has inherent advantages and its special sphere of usefulness; the power
churn drill for faces about 40 to 100 feet or more in height and the
derrick-mounted drifter for the lower faces of about 12 to 4o feet. For
intermediate depths of from 25 to 50 feet, each drill finds strong advo—

cates among quarry engineers.

Drilling and Cutting in Dimension-Stone Quarries

The quarrying of building stone is among the oldest of the American
mineral industries and dates from the second half of the seventeenth
century.8® With the growth of cities, the exhaustion of easily available
timber, and the need for permanence and durability in building construc-
tion, dimension-stone quarrying expanded rapidly in the first half of
the nineteenth century. Until a practical power rock drill was developed
it remained essentially a hand operation. Early quarry methods are still
in use but have been modified somewhat by the use of machines that were
adapted from those designed for underground mining or were especially
developed to meet the needs of the dimension-stone quarryman.

Hand Drilling.- Although blasting is not employed so extensively as in
general-type quarries, it came into use (with gunpowder) possibly as

65
g The early history of this industry was described by George P. Merrill, "The
ollection of Bullding and Ornamental Stones in the U. S. National Museum: A
ﬁcnd;ook.and Catalogue, " Annual Report of the Board of Regents of the Smithsonian
‘nsntghon, 1886 (Washington, D. C.: Government Printing Office, 1889), pt. II,
SE- 285-91. (The same account may be found in the different editions of Merrill's
tones jor Building and Decoration, the first of which was published in 1891 by
John Wiley & Sons, New York.)
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80 ROCK DRILLING

early as the fifteenth century and still finds some application, partic-
ularly in granite, massive sandstone, and slate quarries. This method
ordinarily is used for what may be called primary breaking, such as the
severing of a large mass from a ledge or rock deposit. This differs
from the heavy, shattering blast of the general-type quarry. The blast—
holes, moreover, are smaller, and only light charges of low explosives
are used to initiate fracture along inherent or predetermined lines.

Secondary breaking, or the reduction of rock masses to commercial sizes
or those suitable for cutting or dressing, still is usually accomplished
by the use of ”plugs—and~feath'ers”,68 a method followed in this country
as early as 1730.%7 Holes for the plugs, placed a few inches to several
feet apart, usually were only a few inches deep, although in some sand-
stones and granites the length of hole nearly equaled the desired thick-
ness of the block. A pair of feathers was inserted into the hole with
the large end toward the bottom and a plug placed between them. A work-
man passed along the line of holes and gave each wedge a hammer blow
until the block was split or freed from the bed.

The shallow holes required for the feathers usually were drilled by one
man, but the deeper ones - particularly in the harder rocks - required
three men, one turning and two striking. The familiar hammer-and-drill
lor as sometimes called in quarrying, "hammer-and-jumper") was used, and
the footage drilled per man-shift was often four or five times higher
than that in mining. This was because most of the plug holes were much
smaller in diameter (three—quarters of an inch being a common size),
because they were shallow and little time was needed to clean out the
cuttings, and because the rocks, excepting perhaps the granites, were
softer and much more homogeneous than those generally found in mining.
On the other hand, many more holes had to be bored than in mining; in
primary breaking, especially, a row of holes was needed on two and fre-
quently on three or four sides of the block. Explosives could be used
only sparingly, as shattering caused a great loss of stome. Thus drill—
ing was a major operation in quarrying; when done by hand the principal
quarry labor cost was for drilling. This provided a great incentive to
mechanization of that operation.

Rotary Drills and Modifications.- The rotary drills, except the hydrau-
lic, heretofore described have been employed in removing overburden or
in quarrying proper at dimension-stone guarries. Except perhaps in slate

66"Feathers" are thin, half-round pieces of iron or steel slightly tapered length-
wise. The "plug" is a thin wedge that 1is driven between two feathers.,

67Merr111, op. cit., pp. 314-6. It was also stated that "so much did the adoption

of this simple -method facilitate granite working that the price of the cut material
dropped within the space of a few months over 60 per cent."
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SURFACE DRILLING 81

FIGURE 19.—~ A MODERN BAR CHANNELER IN A GRANITE QUARRY

Channeling in hard rock such as granite is effected by drilling a series
of closely spaced holes and subsequently breaking or chopping out the web
between the holes with a flat bit or broaching chisel. In this picture
holes are being bored beneath the quarry—bar; at the right and in the
foreground are completed channels. Behind the operator may be seen a
1ight plug hammer drill used to bore shallow holes for the plugs—-and-
feathers with which secondary breaking is accompl ished. Tripod-mounted
piston drills were used first but about 50 years ago the quarry—bar was
invented and greatly lightened the laborious task of primary cutting.
Channeling in granife could scarcely have been done by hand and a com-
parison of hand and machine work is not possible, but the machine can do
at least as much as 20 hand drillers.

quarrying, stripping or the removal of overburden at quarries is not so
important as in the other branches of open—cut mining. Thus in this
section have been described only those rotary and other drills used prin-
cipally in quarrying proper.

The diamond drill probably was the first power drill employed®® at
quarries, and the early machine was intended only for shallow plug-and-
feather holes. Within a few years, improved models for "gadding" and
"channeling" were developed®® and found considerable application before
1880,7° particularly in marble quarrying. Such machines used a steam
boiler and engine mounted on a truck that traveled on rails. The drill
proper was essentially the same as the screw-feed type described on

8
®sbout 1864 1n Vermont.

To free a block from the quarry floor it 1s generally undercut and wedged off
With plugs-and-feathers., The drilling of the holes - generally horizontal - is
called "gadding" and the making of a continuous narrow cut - usually vertically on
the sides of a block - 1s called "channeling."

0

- Tenth Census of the United States: 1880, Vol. X, "Special Reports on Petroleum,
Coke, and Building Stones" (U. S. Dept. Int., Census Office, 1884), "Bullding
otones of the United States," pp. 33-8 and plates XX, XXVI.
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82 ROCK DRILLING

pages 60-1. The diamond bit was of the solid type with small holes for
the passage of water and was 13 inches in diameter. The channeler had
two boring spindles and was so arranged that either two parallel cuts
could be made simultaneously or both bits could work in the same groove.
When a pair of holes had been bored the machine was moved forward slightly
less than the diameter of the hole and another pair bored. The rock
partitions left between the original holes were removed in this second
operation, the boring head being confined to the partition by a guide.
Cuts could be made with this machine at angles up to about 4s5° from the
horizontal and, by changing drill rods, to a depth of 9% feet. A fireman
and a runner were ordinarily required to operate the machine.

The gadder differed somewhat from the channeler in construction. A
single feed screw was carried in a swivel that was mounted on a vertical
column and could be raised and lowered. The boring rod could also be
inclined in any direction in the plane of the swivel head. Such a cam-
bination of movements made it possible to drill in any direction, but
the special field of operation of the gadder was in the undercutting of
primary blocks. The depth of holes was usually about half the block
width, although both the depth and the number of holes varied with the
character and kind of rock.

Diamond rotary machines were an important addition to the quarryman's
equipment ; the gadder remained in use for 20 years or more.”t The boring
did not fracture the rock and so reduced the amount of waste; also the
rate of channeling and gadding was 10 to 20 times that of hand work.

An early”? example of the use of large blastholes was the employment
of a crude forerunner of the rotary or calyx drill in some Connecticut
sandstone quarries. "These holes, which are made by a crude machine
driven by cranks like an ordinary derrick, are 10 inches in diameter
and about 20 feet deep."”® Charges of 25 to 7s pounds of black powder
were used to free the large blocks, which were broken in turn with large
iron wedges driven into a channel cut by hand several inches deep.

The shot drill is little used in quarrying at present except for slate
where holes up to 36 inches in diameter are bored to receive the stand-
ards that carry the guide pulleys of the wire saw (see page 89). An un-
usual but particularly interesting application at a Massachusetts granite
quarry has been noted by Bowles. A shot drill at this guarry cuts s2-inch

713pec£al Reports of the Census Office, "Mines and Quarries: 1902" (U. S. Dept.
Com. and labor, Bur. Census, 1905), p. 805.

72
F. W. Sperr said the device had "long been in use . . . . . " See Tenth Cen
Vol. X, section on "Building Stones of the United States," p. 33? Al

78yMerrill, op. cit., p. 312.
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cores from a series of holes across the center and ends of the guarry.
The cores are quartered and formed into corner curbstones smoother and
truer in shape than those hand-hewn.”*

Piston Drills.— With the development of the tripod-mounting about 1871
the piston drill was applied to quarry work and was at once widely ac-
cepted, especially in granite quarries where many relatively deep holes
were drilled. By 1886 it was said that "the old-time method of drilling
by means of a flat pointed drill . . . . which is held by one workman
while others strike upon it . . . . has been largely superseded by steam-
drills [pistons] of various kinds."”® This ordinary tripod-mounted mine
drill was much faster than the hand hammer-and-steel. Although it could
work in any direction, its size and weight rendered it unsuitable for
short holes, and it was difficult to direct with precision where numer-
ous holes were to be bored in line; also, it could not be brought close
enough to the quarry floor to serve well in undercutting. These dif-
ficulties were overcome by the development in the early eighties of a
"quarry-bar" and a "gadder." The former is simply a pipelike bar 10 to
12 feet long supported by A-frames at the ends. Modern quarry-bars are
provided with a rack that aids the movement of the drill on the bar and
permits exact hole spacing and alignment. The gadder was an adaptation
of the diamond gadding machine. It consisted of a low, heavy carriage
with an upright standard adjustable to any angle. A piston drill was
attached to the standard so that it could slide up and down as well as
turn in any direction in the plane of the standard. Thus the gadder
could drill in any direction, even at the base of the block to be freed.

Invention of the quarry-bar made possible "broach-channeling", which
was of special importance in quarrying hard rocks. By this method a
series of parallel holes was drilled for the length of the bar in the
ordinary fashion. Then the drill's steel-rotating device was released
(some drills were designed with a special release mechanism) and the
regular drill steel replaced with one having a broad chisel bit. With it
the web between the holes was "broached" or chiseled out and continuous
channels cut.

As already stated, for many years blasting was of great importance in
breaking primary blocks. At the sandstone quarry mentioned in connection
with the rotary drill, for example, it had been noted that the shape of
the hole had a pronounced influence upon the direction of the line of

break and the powder containers were shaped and tamped in place so as to

T4011ver Bowles, The Stome Industries (2d ed.; New York: McGraw-Hill Book Co.,
Inc., 1939), pp. 148-50.

2
SMerri1l, op. cit., p. 320.
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84 ROCK DRILLING

give the effect of an elliptical hole. A similar result sometimes was
obtained by drilling two holes close together and chipping out the core
between them. This principle does not seem to have been generally known,
for it was not until about 1890 that the Knox system of blasting became
important. With this method, holes were drilled as usual, and then dia-
metrically opposed grooves about z-inch deep and in the direction of the
desired fracture plane were cut or reamed by driving a flanged tool into
the hole by hand or by using a rock drill with the rotation released.
For this work the piston drill was eminently suited. This method was
widely used,’® particularly in granite and sandstone quarries; not only
could the line of fracture be accurately propagated (of great value where
jointing or inherent planes of weakness are not pronounced) but also
fewer holes were needed to free a given block. Another method (known as
the "Githens"), in which an oval hole was formed in one operation, was
patented in 1892 and displaced the Knox system to some extent.

Another limited but interesting use of the piston drill was as a "cir-
cle cutter" or "ditcher" in producing cylindrical blocks for grindstomes.
A tripod with a vertical bar set into a hole in the upper surface of the
stone was used for support and the drill clamped on a counterweighted
radial bar swung with a worm gear. By securing the drill in different
positions a wide variety of block diameters could be obtained. The floor
break was done by gadding. Bowles states that such a drill would cut as
many square feet per day as a channeler and much less time was required
to set it up.””

Hammer Drill.- Although the superiority of compressed air for certain
types of drills had long been recognized, its general adoption did not
occur much before 1900 when pneumatic hand tools such as the chipping
and riveting hammers became very popular. These hammers were tested in
dimension-stone quarries,’® using a 2- or -inch-diameter steel drill in
place of the riveting or chipping tool. This steel drill worked so sat-
isfactorily in drilling the shallow 3- to 4-inch plug-and-feather holes
that the earliest general acceptance of the hammer—type drill may be said
to have been in the quarry industry. Such a drill used very little air
and was light enough to be held in one hand, leaving the other free to
turn the steel with a wrench. Within a few years, however, it lost its
place to the plugger drill, which could bore holes 3 to 4 feet deep and
76w1111am L. Saunders, "Dimension Stone Quarrying - The Blasting Process," Trans-—

actions of the American Society of Civil Engineers, 1881, Vol. XXV (1891), p. 501.
In 1885, 2 quarries used this patented system and by 1891 about 00 had adopted it.

"Bowles, op. cit., p. 85.

784, L. Sinclair, "The Development of the Air-Hammer Drill," Engineering and Mining
Journal, Vol. LXXXIII, No. 15 (Apr. 13, 1907), pp. 714-6.
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was designed to use hollow steel through which air was passed to blow out
the cuttings. The plugger could handle nearly all types of plug-hole
drilling; it rapidly displaced hand labor and to some extent the piston
drill. Later developments followed the progress of the hammer drill.
The jackhammer replaced the plugger, and the various types of drifters
(with some modifications) almost entirely replaced the piston drill, even
when it was used as a channeling and a gadding machine. Furthermore, the
changes in motive power, materials, and accessory apparatus discussed in
chapter III were quite as important as in underground mining.

Special Dimension-Stone Quarry Machines

The Channeler”®.- The most carefully planned and supervised blasting
damaged much stone. On the other hand, the labor of cutting channels
by hand, except in the softest of rocks, was so great and costly that
much effort was expended to devise a machine to perform that task. The
track channeler solved the problem. "The first successful machine was
built . . . . [by George J. Wardwell of Rutland, Vt.] in 1863,
and that original machine has been at work . . . . constantly until with-
in a few months (188s). These machines are now in operation in all the
important quarries of sandstone, limestone and marble in the country,
and it is calculated that over 5,000,000 square feet have been cut by

them n80

The early channeler was a self-contained unit that ran on tracks on
the quarry floor. It consisted of a heavy truck on which were mounted
an upright boiler, a horizontal engine, and crank, levers, and springs
which actuated the "gangs" or sets of cutters. The machine had either
one gang or two placed on opposite sides, each consisting of five steel
bars 7 to 14 feet long having transverse or diagonal cutting edges and
tightly clamped together to an M-shaped bit. The center bar projected
below the two adjacent bars, which in turn were below the outside two.
The machine was automatically moved by gears from the engine shaft. To
change bits the gangs of cutters were raised or lowered by small hand
winches and a chain attached to the upper end of the cutter bars. Chan-
nels were about 13 to 2 inches wide, as long as was desired, and usually
4 to 6 feet deep, although deeper cuts could be made with longer bars.
Iwo men were required for the single-gang and three for the double-gang
machine that was claimed to do the work of uyo men.8&!
79The channeler has been extensively used in other than dimension-stone quarries;
for example, in the cutting of smooth canal walls, and for building foundations

in rock where ordinary drilling and blasting could not be used (because of the
proximity of other structures, etc.).

g errill, op. cit., p. 321.

"Improved Stone Quarrying Machine," American Journal of Mining, Vol. I, No. 4
(Apr. 21, 1888), p. 49.
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86 ROCK DRILLING

The first machines were very heavy and cumbersome, the frame alone
weighing about a ton. They could cut only vertical channels, could not
work close to corners, and were useful only on flat surfaces. By 1866,
however, the track channeler had been redesigned so that it could cut at
an angle of 4s5° to the horizontal. About the same time the "duplex"
machine was evolved; this model had two gangs of cutters on one side, and
- both worked in the same channel. Although the early channeler had some
disadvantages it was so superior to hand channeling or to drilling and
blasting that many of these machines were put into operation in the 20
years following their introduction.

About 1885 the first of the now generally used direct-acting track
channelers was patented. This was in reality a piston rock drill that
worked without rotation; it had a single gang of bits set into a cross-—
head and attached to the piston rod so that the blow was dealt directly
by the steam acting on the piston and not through intervening cams,
levers, or springs as in the older Wardwell channeler. The drill was
mounted on a wheeled truck and could be inclined forward, backward, or
transversely, to cut at any angle, and was particularly useful in making
inclined channels or in cutting out corners where the older machine could
not work. The boiler could be removed fram the truck and steam delivered
by hose; when this was done the machine required but little headroam and
could work in underground quarries when necessary. It was reported to
strike about 250 blows per minute as campared with the 100 to 150 of the
ordinary single-gang channeler and to cut about twice as fast.

Another type of channeling machine, the bar-channeler, was introduced
into marble quarries in 1888.82 This was essentially a variable-stroke,
powerful piston drill mounted on a modified quarry-bar. The movement of
the drill on the bar was automatic, and the strength of the blow was ad-
justed by the runner to suit the characteristics of the rock. The drill
had a simple rotation release so that after conventional drill steel had
been used to start a cut by boring a hole it could be replaced by a gang
of cutters. Bits were made with 18- to 24-inch changes as with ordinary
drill steel. The bar mounting made it possible to channel in sloping
floors and to make horizontal cuts.

Progress in direct-acting channelers paralleled advances in rock-drill
construction. The use of such channelers in the construction of the
Chicago Drainage Canal about 1894 brought about many improvements: their

speed was increased, they were designed for heavy duty (12- to 13-foot

82nThe Saunders Bar Channeler,n Engineering and Mining Jowrnal, Vol. XLVII, No. 15
(Apr. 13, 1889), DP. 347.
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FIGURE 20.— DIRECT—ACTING CHANNELERS

The channeler invented in 1863 was driven by a steam engine actin
levers and springs. The direct- actln% steam t ype came into use
20 years later. 1t consisted essentially of a p:sLon type drill m
upon a frame so that the drill could be lowered as the channel
ened. Instead of drill steel, a gang of cutters was clamped in th
The direct-acting electric air channelers shown in the Dhﬂtﬂg
actuated by compressed air from an integrally mounted, motor—dr
pressor. The air is not exhausted but circulates oeuween compr

channeler.

Tw

Tsach
c 2

cuts), and were provided with independent engines which moved the chan-
neler and raised the piston cylinder to change bits. Various types of
bits were designed for the different rocks. Although steam was the usual
source of power for the early channelers, it has been displaced at many
quarries by campressed air supplied from a central compressor or by an
electric air-pulsator. Electric power was not adaptable to the direct-
acting channeler, but about 189583 it was applied to the Wardwell type

and is still so employed.

83Annual Report of the Secretary of the Interior for the Fiscal Year Ended

June 30, 1896 (1896) Vol. 1V, pt. 3, P. 809
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88 ROCK DRILLING

The channeling machine was of great value to the dimension-stone in-
dustry. It reduced the volume of waste rock, which was often more than
60 percent of the marketable production and increased the output per man
at least 15 to 30 times over hand methods. The channeler had some dis-
advantages, particularly in certain types of quarrying; power consumption
was high, and the percussive action jarred the rock (or, as quarrymen
say, "stunned" it) and set up incipient fractures. This was an espe-
cially important problem in slate and sandstone quarries, and attempts to
overcome it brought about the recent readoption of the wire saw.

The Wire Saw.- The idea of using a moving wire rope to cut stone
dates from 18sy, when the patentee claimed ". . . . as basis of my inven-
tion the employment, as sawing instrument, of one or several wires or
metal cords or chains acting in a continuous or alternating rotary motion
driven by hand or machine . . . . ."8% This method was not used until
over 25 years later when some practical improvements were made. In 1886
the wire saw was being successfully applied in a Belgian marble quarry8°
and about 1900 its use had become quite general on the Continent. The
date of the earliest use of this device in the United States has not been
ascertained, but it was probably in the last decade of the nineteenth
century as the Census Office (190z2) reported "only 32 of these saws ac-
tually in use." Because of the large amount of labor necessary to put
"the saw in position and the waste involved in cutting out the corners
in which the pulleys"®8 ran, the wire saw met with little success at this
early date, except in a few of the larger Middle Western limestone quar-
ries. Renwick, writing of marble quarries in 1gog, said that the saw had
met with little favor at such operations in the United States because,
although channeling was more costly and was econcmical only where there
was a large and continuous output, it would do twice the work of a wire
saw and "the various concerns experimenting have reverted to channeling

'1187

as being the more economical . . Nevertheless, the wire saw

appears to have been successfully used in a Colorado marble quarry in
1013.88 Despite this fact, it was not until after the U. S. Bureau of
Mines purchased a wire saw in 1926 in cooperation with quarrymen and set
it to work in a Pennsylvania slate quarry®® that this machine became sig-
nificant in the dimension-stone industry.

84w. G. Renwick, Marble and Marble Working (London: Crosby Lockwood and Son,
1909), P. 386.

85nquarrying by Wire Cord,n Engineerinf and Mining Jouwrnal, Vol. XLVII, No. 14
(Apr. 8, 1889), D. 321. Additionql detalls are given in nMechanical Quarrying and
Stone Cutting," Engineering and Mining Jowrnal, Vol. XLVII, No. 21 (May 25, 1889),
D. 478.

86Sﬁecial Reports of the Census Office, "Mines and Quarries: 1902," D. 80S.
87Renwick, op. cit., DD. 47-50.
8830wles, op. cit., D. 266.

8901 1ver Bowles, The Wire Saw in Slate Quarrying (U. S. Dept. Com., Bur. Mines,
Tech. Paper No. 489, 1930), D. 15.
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FIGURE 21.— WIRE SAW IN A SLATE QUARRY

When the block of stone to be cut by the wire saw has no free ends where
the standards carrying the wire guide pulleys can be erected, holes about
3 feet in diameter are bored with the calyx drill. Steel shot is the
customary abrasive in drilling and the drill frame may be inclined up to
about 45 degrees. Inclined saw cuts can thus be made, which is a matter
of much importance in slate quarrying, for, if possible, cuts are made par-
allel to the bedding, which is usually inclined to the horizontal, to
avoid waste. The picture shows the lower guide sheave of a wire saw as
well as the wire as it leaves the cut. The small, rapidly moving steel wire
using sand as an abrasive readily cuts the softer rocks. The saw kerf is
much narrower and the rock is not "stunned® as with a percussive machine
like the channeler: l1oss of usable stone has been greatly reduced. In
slate Production, moreover, its cutting rate is often four to five times
that of a channeler.

The wire saw consists of a three-stranded endless wire rope usually 5
or ; inch in diameter and 8o t0 2,400 feet in length. The driving unit
is generally an electric motor with a grooved pulley. From the driving
pulley the rope passes over guide sheaves to the part of the quarry where
the cutting is to be done. A tension carriage is placed in the rope
circuit to keep the wire taut and to allow for changes in the length
of the wire as the cutting proceeds. If there are no open ends in the
quarry, holes 20 to 36 inches in diameter and somewhat more than the
depth of the desired cut are bored with a shot drill at intervals of
60 t0 200 feet, depending on the length of the primary block. Steel
standards 14 to 18 feet long are set in the holes and carry on top one or
two sheaves that guide the rope to a lower sheave which moves up or down
by means of a rope or chain-pull worm gear. The rope travels about a
thousand feet per minute while a pulp of sand and water is poured upon
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90 ROCK DRILLING

it. The sand grains cut the rock by abrasion. The wire saw is of spe-
cial importance in slate quarries.

Blasthole Drilling in Open-cut Metal Mines

Many problems of blasthole drilling at general-type quarries are sim—
ilar to those at open—cut metal mines, although each metal-mining opera-
tion usually offers special problems. Unlike the quarryman the metal
miner has no broad choice in the selection of a deposit to be worked for
relatively few are near enough to the surface and large enough to justify
open-cut exploitation. The topography especially may present obstacles
to the maintaining of a large and continuous output of ore of relatively
constant grade from an ore body limited in extent or overlain by value-
less rock. The principal factors determining the type of drill used in
such mining are the physical characteristics of the ore and overburden
and the method of extraction.

Open-pit mining is an ancient method, but it was not until 1887 that
the application of stripping "to solid rock-masses was scarcely dreamed
of ."8% At that time the removal of more than a half million tons of rock
to recover about 600,000 tons of iron ore was undertaken.®! In comment-
ing upon this task R. W. Raymond said, "The successful application of
stripping, as a systematic method of exploitation, although it presents
no features of startling novelty, entitling it to be ranked among great
inventions, is, nevertheless, in my judgment, one of the most important
improvements which the art of mining has received during the present gen-
eration; and it is, like many other great improvements, a return to the

- simpler methods of the past, with the perfected means of the present."®?

The "perfected means" Raymond referred to were the use of exploratory
drills (the diamond drill in this particular instance) that permitted
close measurement of the quantities of ore and waste to be moved, power
drills for drilling blastholes in both overburden and ore, greatly im-
proved explosives, and mechanical methods of handling large quantities
of material. The development of efficient surface-drilling equipment
and techniques has been an important aspect of technical progress in
open-pit metal mining.

Blasthole Drilling in Open—cut Iron Mines.- No great drilling prob-
lems beset open-cut iron miners in the early days. (Often the ore and
QOR. W. Raymond in discussion (p. 635) of an article by F. H. McDowell, "Stripping

Ore-Deposits," Transactions, 4.I.M.E., Vol. XVIII (1890). Italics supplied by
the authors.

glF. H. McDowell, "The Reopening of the Tilly Foster Iron-Mine," Transactions,
A.I.M.E., Vol. XVII (1889), pp. 760, 768.

92Raymond, loc. cit.
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overburden were so soft they could be dug with picks and shovels. Where
blasting was needed, holes were bored with the simple hand tools or by
driving down a steel bar with sledge hammers. It was reported that
nearly all the ore produced on the Marquette Range in 1870 came from open-
cuts worked by "pick-and-shovel, hammer-and-drill", that holes 15 feet
deep were common and saometimes reached 22 feet, and that as much as 5,000
tons ‘of ore was broken at a single blast.®® Surface mining usually was
undertaken only where the overburden was of moderate depth. It gener-
ally consisted of easily excavated glacial-drift soil (often sandy and
with few boulders) and thin, soft rock.®* Benches were limited to about
15 to 20 feet as the economic depth for hand drilling. The boulders
uncovered in the drift were block-holed as a rule by single-jacking.
This work was commonly paid for on a footage basis, and the men drilled
as much as 12 to 15 feet per day - about three times as much as in hard-
rock mines. Under such conditions there was no pressing incentive to
mechanize drilling.

The development of the Mesabi Range after 1892 and the expanded use of
the power shovel brought about a more intensive form of open-pit mining.
Because the early shovels had a limited-action radius there was no imme-
diate need of increasing bench heights. Although the shovel could dig
rather hard ore or even the thinner rock layers its loading speed was
greatly diminished by such material; it was advantageous to loosen the
ore or overburden by blasting before loading without moving it much from
its original position. Such blasting was also required during the winter
when the ground in Minnesota was frozen as deep as 6 feet. Manual methods
continued to be employed for drilling the necessary blastholes. The only
development of consequence was the use of "gopher holes", especially when
bank heights exceeded 15 feet. They were inclined from 10° to 20° below
the horizontal and driven into the bank from the toe of the slope. At
first they were just large enough for a man to work in; because of the
danger of cave-ins and injury to the workman, however, it became the
practice to make these holes about 12 to 14 inches in diameter, using a
long-handle shovel as far as possible and then completing them with an
earth auger. Such holes were made up to 25 feet in length at nearly the
same speed as the vertical jumper holes. This hand drilling was cammonly

93Major‘ T. B. Brooks, "The Method and Cost of Mining the Red Specular and Magnetlc
ores of the Marquette Iron Reglon of Lake Superior," Transactions, 4.I.M.E.,
Vol pe 107,

94On the Mesabi the ores were soft; early exploration showed that a rock covering
over ore was the exception and that the usual glacial-drift cover was not over
50 feet thick. (Cf. Horace V. Winchell, "The Mesabl Iron-Range," Transactions,
A.I.M.E., Vol. XXI [1893], p. 685.)
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92 ROCK DRILLING

used on the Mesabi as late as 1913-14,°° and it has persisted to some
extent to the present.®®

The increasing depth of overburden plus major technical improvements
in surface-mining equipment combined to stimulate the greater use of
power drilling. The increase in size, mobility, and digging radius of
the power shovel greatly expanded the area and particularly the thickness
of ore and overburden that could be mined. In the earlier days 35 to
4o feet was thought to be the maximum depth of overburden that could be
stripped; but by 1907, 108 feet of overburden had been removed, and in
1909 J. R. Finlay concluded that it would pay, under the least favorable
conditions, to remove 2 tons of overburden to 1 ton of ore (in terms of
depth a ratio of about 4 : 1) and under the most favorable, where both
overburden and ore were soft and uniform, "4 or even 5 to 1"%7 (or in
terms of depth a ratio of at least 8 : 1). By 1911, 144 feet of over-
burden had been removed, and stripping was reported at sites where the
overburden was even deeper. Higher banks required at new operationms,
rockier nature of overburden that accompanied increased depth, same in-
crease in the hardness of ore, and the need for moving constantly greater
bulks both of overburden and ore®® made drilling of greater importance
and provided incentives for the use of power equipment.

The piston drill was used in Pennsylvania open-cut iron mines as early
as 1882,99 but machine drilling did not begin seriously to displace hand
work in the Lake Superior district until the second decade of this cen—
tury. In 1911 three piston drills operated by 6 men replaced 30 men

95Charles E. van Barneveld, Iron Mining in Minnesota (Univ. of Minn. School of
Mines Expt. Sta., Bull. No. 1, 1912), pp. 135-7, 149. See also C. M. Haight,
"Steam Shovel Operatlon," Engineering and Mining Jowrnal, Vol. 97, No. 7 (Feb. 14,
1914), pp. 359-60.

9SVages and Hours of Labor in Metalliferous Mines, 1924 and 1931 (U. S. Dept.
Labor, Bur. labor Statistics, Bull. No. 573, Jan. 1933), p. 36. Of the 18 open-cut
mines studied, 7 reported hand drilling. These operations, however, were not very
significant from the standpoint of employment or production.

TR Finlay, "Cost of Pig Iron Made From Lake Superior Ores," Engineering
and Mining Journal, Vol. LXXXVII, No. 15 (Apr. 10, 1909), p. 743. Note that
Dwight E. Woodbridge, "Lake Superior Iron Mines in 1907," Engineering and Mining
Journal, Vol. LXXXV, No. 2 (Jan. 11, 1908), p. 115, said, "the rule of 2 ft. of
surface to 1 ft. of ore, radical as that appeared two or three years ago, must
glve way to 3 or 4 ft. to one."

9§Sqe Dwight E. Woodbridge, "The Mesab! Iron Ore Range - IV," Engineering and
Mining Journal, Vol. LXXIX, No. 8 (Feb. 9, 1905), p. 267; Edgar K. Soper, "The
Iron Ranges of Minnesota," Engineering and Mining Jowrnal, Vol. 91, No. 15 (Apr. 15,
1911), p. 789.

99J. P. Lesley and E. V. d'Invilliers, "Report on the Cornwall Iron Ore Mines,
Lebanon County, " Annual Report of the Geological Survey of Pennsylvania for 1885
(Rarrisburg, Pa.: Board of Commissioners for the Geological Survey, 1888), D. 557.
See also E. V. d'Invilliers, nThe Cornwall Iron-Ore Mines, Lebanon County, Pa.,"
Transactions, A.I.M.E., Vol. XIV (1888), DD. 902-3. The ease of breaking soft
iron ores 1s well exemplified. In 1885 the average monthly production was 42,405
tons; about 200 men, mostly "diggers" were employed. There was no hand drilling
and only six piston drills were used to drill i2-foot holes. 1In 1911, with
nearly double the output, 13 drills were in use. The ore was somewhat harder
but 18- to 24-foot holes were bored. Cf. E. B. Wilson, "The Cornwall, Pa.,
Magnetite Deposits," Proceedings of the Lake Superior Nining Institute, Vol. XVI
(1911), pp. 230, 233, 238.
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using hand drills that had prepared ground for onme steam shovel in a
Michigan stripping operation, where rock and hardpan had been encoun-
tered.*%° On the Mesabi Range very few power drills were used for blast—
hole work before 1913. Une large mine where "the hardness of the ore
is such that machine drilling is necessary" had only 6 drills!®! and
a "well-equipped and well-managed stripping job" listed but two.l02

The shift to machine drilling of blastholes was accentuated by the
general wartime labor shortage and the urgent demand for iron ore for
war purposes. One observer reported that although a number of mines had
machine drills at this time they were not generally more efficient than
hand work where no rock was present;'%% they could, however, drill to
greater depths and thus made possible bench heights of 25 to 30 feet. In
this period jackhammers also were first used for secondary drilling.0*
Few pits, if any, had central air compressors, and air was supplied fraom
locamotive air pumps or small compressors on the power shovels. At least
one attempt was made to use electric air drills of the pulsator type al-
ready described (see page 38). In this instance most of the holes drilled
exceeded 24 feet in depth, and the average speed in a s-month test period
was over 6 feet per hour after the drills were in place or nearly 7.5
feet per hour while drilling. The output was about twice that of hand
drilling.19®

Although there had been isolated instances of churn drilling at iron
mines as early as 1907,108 widespread use of this machine for blasthole
drilling at such operations began only about two decades ago. As late
as 1914 Kellogg stated that although overburden and bre generally had to
be drilled and blasted "no attempt has been made to employ churn drills

IOOF. B. McDonald, "Strlpping on Portland Pit Iron Mine, Michigan," Nining and
Engineering World, Vol. XXXV, No. 4 (July 22, 1911), p. 147.

lOlVan Barneveld, op. cit., p. 165. This mine (the Biwabik) produced an average o
nearly 356,000 tons per year from 1910-12 Inclusive (Lake Superior Iron Ores: 1835
[Cleveland, Ohio: The Lake Superior Iron Ore Assoclation, 1938], pp. 225, 228).

102%van Barneveld, op. cit., p. 162.

CmeD, Davenport, "Steam-Shovel Mining on Mesabi Range - III," Engineering and
Mining Journal, Vol. 105, No. 13 (Mar. 30, 1918), pp. 581-2. A gang of hand churn
drillers were said to drill 50 feet per man-shift, and the piston drill with two
men drilled about 90 feet. The indicated hand rate is much higher than averages
glven 1n standard handbooks such as Gillette's (op. cit.), for example, where the
average In stripping was reported about 10 feet per man per i10-hour shift and,
in ore, about 24 feet.

104L. D. Davenport, "Steam-Shovel Mining on the Mesabl Range," EFngineering and
Mining Journal, Vol. 105, No. 9 (Mar. 2, 1918), Dp. 408.

1Os"Record of Temple-Ingersoll Drills on the Mesabl Range," Engineerinf and Mining
Journal, Vol. 98, No. 24 (Dec. 12, 1914), pp. 1042-3. The statement Is estimated
on the basis of costs given in the article.

105Edw1n Higgins, "Stripping Clinton Iron Ore in New York State," Engineering and
Mining Jourmal, Vol. LXXXVI, No. 24 (Dec. 12, 1908), p. 1151. E. B. Wilson (op.
cit., p. 233) reported that although two well drills in use at Cornwall in 1911
drilled slower than the piston drills they could put down deeper holes. As these

holes were larger the tonnage removed was probably as great as that of the
piston—drilled holes.
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FIGURE 22.— ELECTRIC CHURN DRILL AT AN IRON MINE

This welded, all-steel, caterpillar-mounted blasthole drill is a vast
improvement over the machines shown in figure 12 and is used extensively
in open-cut mining and quarrying. For a 9-inch hole the tool string, shown
at the drill runner’s left, weighs about 2,700 pounds or 50 percent more
than that for a 6—inch hole. Because of the great weight of the tools and
the long, rapid stroke the larger holes are not infrequently drilled more
rapidly than the smaller. The machine is operated by one man and can
drill 5 to 10 times as fast as a hand driller, or about” 130 times as much
measured by hole volume.

for blasting purposes and with the relatively low benches carried, they
would not seem to be applicable."i%7 The introduction of very large and
more mobile shovels about the end of the World War period facilitated the
adoption of a drill of greater capacity than that of the piston machine
then in fairly widespread use.

By 1923 electric churn drills were at work on the eastern Mesabi where
there was little glacial drift and a hard rock-capping in which the rate
of drilling 20- to 4o-foot holes was only 12 to 14 feet in 10 hours.

10

ot Kellogg, "Notes on Mesabl Range Mining Practice - I," Engineering and
Nining Journal, Vol. 97, No. 14 (Apr. 4, 1914), p. 698.
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One man was employed to run each drill, with a helper servicing three to

five machines. 108

The trend toward higher benches of yo-100 feet and the practice of
shooting a large number of holes at one time followed the extensive use
of churn drilling. Electric-traction churn drills were used on the Mar-
quette Range by 1928 for holes up to 60 feet deep in very hard ground,'%®
and by 1929 it was reported that well drills were used for primary drill-
ing in the majority of Mesabi pits and that the output ranged from 1.5 to
8 feet per hour, depending on the character of the ore or capping.!C
The introduction of caterpillar mountings, all-steel rigs, shock absorb-
ers, and other improvements greatly increased the footage that could

111 and the trend has continued toward
112

be drilled in a given working time,
the use of larger, heavier, and more powerful machines.

Blasthole Drilling in Open—cut Copper Mines'1®,- The idea of mass-
mining low-grade copper ores'l* by open-cut methods at the turn of the

190G Swart, "Mesabl Iron Company's Reductlon Plant," Proceedings of the Lake

Superior Mining Institute, Vol. XXIII (1923), P. 113.

1OQL. S. Chabot, Jr., "Field Blasting at the Volunteer Mine," Proceedings of the
Lake Superior Mining Institute, Vol. XXVII (1929), pp. 259-61. Cf. also W. R.
Meyers, "An Efficient Technique for Drilling and Blasting," Engineering and
Nining Journai, Vol. 133, No. 1 (Jan. 1832), pp. 30-1.

110r, E, Cash and M. W. von Bernewlitz, Methods, Costs, and Safety in Stripping
and Mining Coal, Copper Ore, Iron Ore, Bauxite, and Pebble Phosphale (U. S. Dept.
Com., Bur. Mines, Bull. No. 298, 1929), pp. 201-2.

Uy n. Barber, Progress in the Improvement of Methods and Equipment at Open-Pit
Iron Mines on the Lake Superior Iron Ranges (American Institute of Mining anc
Metallurgical Engineers, Tech. Pub. No. 487, 1832), p. 5.

12y ast-Hole Drilling at the Tilden Pit," Engineering and Mining Journal, Vol.
138, No. 11 (Nov. 1937), pp. 51-2. In the fall of 1938 one of the latest—type
drills that bored 9-inch holes replaced one that made 6-1nch holes. In the very
hard ground at a Marquette Range mine the larger drill bored 15.6 feet in 8 hours
and the 6-inch drill averaged 13.7. The operating cost per foot was 13.3 percent
lower for the 9-inch than for the 6=inch drill. The holes were at intervals of
20 feet in rows 30 feet apart fcr the 9-inch drill and at intervals of 15 feet in
rows 22 feet apart for the 8-inch drill. The 9-inch holes were shot without
springing (enlarging the hole to hold blasting charge), but the 6-inch ones were
sprung.

A similar but somewhat smaller machine used on the Mesabl was sald to have drilled
4,544 feet of 6-1nch hole in ore and taconite during 1 month and to have averaged
over 200 feet per day In 22-foot holes. See "Blast-Hole Drill, " Engineering and
Mining Journal, Vol. 138, No. 9 (Sept. 1837), p. 91i.

ngIn presenting this, summary the authors have made extensive use of publications
of the U. S. Bureau of Mines that relate to drilling practices at open=cut copper
mines, and especially the following reports: Donald F. MacDonald and Charles
Enzlan, Prospecting and Nining of Copper Ore at Santa Rita, New Mexico (U. S.
Dept. Int., Bur. Mines, Bull. No. 107, 1919); E. D. Gardner, Drilling and Blast-
ing in Open-Cut Copper Mines (U. S. Dept. ., Bur. Mines, Bull. No. 273, 1927);
F. E. Cash and M. W, von Bernewitz, op. cit.; E. D. Gardner, C. H. Johnson, and
B. 8. Butler, Copper Nining in North America (U. S. Dept. Int., Bur. Mines, Bull.
No. 405, 1938); A. Soderberg, Mining Methods and Costs of the Utah Copper Co.,
Bingham Canyon, Utak (U. S. Dept. Com., Bur. Mines, Inf. Cir. No. 8234, 1930);
E. M. J. Alenius, Methods and Costs of Stripping and Mining at the United Verde
Open-Pit Mine, Jerome, Ariz. (U. S. Dept. Com., Bur. Mines, Inf. Cir. No. 6248,
1830); H. A. Thorne, Mining Practice at the Chino Mines, Nevada Consolidated
Copper Co., Santa Rita, N. Mex. (U. S. Dept. Com., Bur. Mines, Inf. Cir. No.
6412, 1931f; and G. R. Ingham and A. T. Barr, Nining Methods and Costs at the
New Cornelia Branch of Phelps Dodge Corporation, Ajo, Ariz, (U. S. Dept. Com.,
Bur, Mines, Inf. Cir. No. 6666, 1932)

114For‘ a brief description of the shift to mass mining of copper ores see A. V.
Corry and 0. E. Kiessling, Mineral Technology and Output per Man Studies: Grade
of Ore (WPA National Research Project in cooperation with U. S. Department of the
Interior, Bureau of Mines, Report No. E-8, Aug. 1838), pp. 48-50.
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96 ROCK DRILLING

century was regarded as visionary. Although open-pit iron mining had
been established on a large-scale basis and general-type stone quarries
were entering a period of great expansion and technical advancement,
there was grave doubt whether the technique of mass mining could be ex-
tended to any of the important nonferrous metals. The surface mining
of copper presents problems different from those in iron and stone pro-
duction. By far the greater part of the iron ore, for example, was so
soft that heavy shooting was not required; it was composed almost en-
tirely of iron minerals that needed no treatment before smelting, and was
overlaid by easily excavated glacial drift. In stone quarries stripping
of rock had not yet been undertaken to any extent, and almost the entire
quarry output was useful. On the other hand, at the Utah Copper Mine -
the first and largest of the open-cast copper properties - the early
report of Jackling and Gemmell!!® estimated rock-capping of 4o feet with
110 feet of ore having about >-percent copper content with about three-
fourths recoverable.!® 1In addition, very fine crushing was prerequisite
Lo recovery because copper minerals equivalent to about 30 pounds of
recoverable copper were disseminated in 2,000 pounds of ore.'1?7 Both
capping and ore were rocks that had to be drilled and blasted before
loading. The availability of effective drilling methads and machines was
of great importance at this and all other surface copper mines.

Considerations in the selection of the drilling and blasting methods
at copper mines were the hardness, toughness (occurrence of planes of
weakness, joints, and stratification), thickness, soundness, and ab-—
rasiveness of the ore or overburden. These and other characteristics
controlled the safe slope of the rock face of the bench which, with its
width, determines the over-all slope of the pit.!1® In working a given
deposit, high and narrow benches with steep slopes would require the
removal of a minimum of overburden and the least amount of drilling and
blasting. This was illustrated by Soderberg, who cited an instance at

115Fcr an account of the history and development of this mine the reader 1is
referred to a series of articles by T. A. Rickard entitled "The Utah Copper
Enterprisen beginning in Vol. 117, No. 14 (Oct. 5, 1918), D. 445 in Mining and
Scientific Press. This has been summarized and other pertinent data added by
A. B. Parsons in The Porphyry Coppers Sist ed.; New York: American Institute of
Mining and Metallurgical Englineers, 1933

[
11‘Actual recovery was about 83 percent at first and did not reach 70 for some
years.

11‘The ratio of overburden to ore by weight is now roughly 1.1 to 1; the capping
has ranged from 40 to 200 feet and averaged about 115 feet. The grade of ore now
worked 1s approximately 1 percent or 20 pounds Of copper to the ton, of which over
90 percent 1s recovered. It has been stated that still-lower-grade material may be
mined. Cf. Twenty-Fourth Annual Report of Kemmecoit Copper Corporation: 1938
p. 8. In 1937 the stripping ratio was 1.{ to 1 but in 1938 the ratio was excep-
tionally high - 1.95 to 1.

8
Louis S. Cates, "Factors Affecting Bank Slopes in Steam-Shovel Operations, "
Transactions, 4.I.M.E., Vol. LXXIV (1627), D. 818, and discussion of this article
on p. 828. See also Gardner, Johnson, and Butler, loc. cit.; Soderberg, loc. cit.
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the Utah Copper Mine where a change of the over-all slope from 40° to
38° to the horizontal above a certain bench would have added > million
dollars to the cost.11®

Technical progress in blasthole drilling at open-cut copper mines was
closely related to the expanding use of surface mining in copper produc-—
tion. The number of copper mines developed by surface methods, however,
has never been large. The first was the Utah mine, where stripping com-
menced in 1906 and ore production in the following year. In 1907 the
removal of overburden was begun at the Nevada Consolidated Mine. Steam-
shovel work started at Chino in 1910, at United Verde and New Cornelia
in 1917, and at Sacramento Hill in 1923.1%C Onme of the greatest of the
disseminated ore bodies, the clay ore body at Morenci, has been of wide
interest during the last 10.years because of the possibilities for sur-
face mining; it was thoroughly diamond—drilled in 1928-30, and stripping
preparatory to surface mining was begun in August 1937 with ore produc-
tion scheduled for 1g939.1%1%

The ground at the Utah, Nevada, and Morenci mines was relatively soft,
and at the other surface copper mines it ranged from medium-hard to hard
rock. Differences in the character of the rock (capping and ore) at
these operations were sufficient to cause wide variations in the drilling
and blasting practices; the type of drill used; the number, inclination,
and length of holes; the number of holes fired simultaneously; and other
features. Thus, the rock characteristics have direct bearing upon the
character and amount of drilling done and the labor required. Although
there was a wide range in practice at different mines, there was a def-
inite trend toward bank heights of about so feet, and black powder was
displaced almost entirely by dynamites. At all mines, however, the es-
sential problem was the same - that of uninterruptedly furnishing the
shovels with well-fragmented rock at the lowest possible cost and with

the greatest safety.

When stripping was first undertaken at a surface copper mine in 1906
all of the drills now used for blasthole work were available except the

llgsoderberg, op. cit., pPp. 8-10.
1’r“‘o’l‘he open-cut copper mines were situated in the following mining districts,
countles, and States:
Mine District County
Utah Copper West Mountain Salt lake Utah
Nevada Consolidated Robinson White Pine Nevada

New Cornelia Ajo Pima Arizona
Chino Central Santa Rita New Mexico

United Verde Jerome Yavapal Arizona
Morenci (Clay) Copper Mountain Greenlee Arizona

Sacramento Hill
(Copper Queen) Warren Cochise Arizona

lElPhelps Dodge Corporation, Annual Report: 1837, D. 7.
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98 ROCK DRILLING

jackhammer. The Jackling report on the Utah prospect stated that the
ore "will be quarried" using drills supplied with air from a centrally
located electrically driven compressor.!?? Heavy tripod-mounted piston
drills have been used from the beginning.'?® With a few exceptions and
unlike all other copper pits, vertical down-holes have been seldom em-
ployed. The piston drill, customarily using a 3%-inch starting bit,
bores toe holes about 22 feet long and inclined so as to bottom about
5 feet below bench level. If the bank does not break nearly horizontally
to the crest, "bank" holes are then drilled about 12 to 20 feet into
the face, with the machine set at the top of the pile of rock broken
in starting the toe hole. For many years bank heights averaged about
70 feet, and a row of bank holes placed about halfway up the slope with
occasional down bench holes was required for satisfactory breaking. This
method was most suitable on the usual narrow benches because the broken
rock would be held close to the face and the loading tracks kept free.

-
F w

FIGURE 23.— TQE—HOLE DRILLING AT AN OPEN-CUT COPPER MINE

'This wet hammer-type drifter is in use at a southwestern surface copper
mine. It was said to drill 50 percent faster than the piston drill.

Before surface mining was undertaken the entire ore production at the
Utah property had been won from underground workings by a caving method
of mining.!®* This had fractured the cap rock so badly that piston

12251 ckard, op. cit., Vol. 117, Nos. 14, 18 (oct. & andNov. 2, 1918), pp. 484, 590.

At first the ordinary 3%—1n0h piston drills were used underground and in the pit
but were succeeded by heavier and more powerful 3%-inch auxiliary valve drills.

%4por a brief description of this method see: Y. 5. Leong and Others, Technology,
Employment, and Output per Nan in Copper Mining (WPA National Research Project in
cooperac%on with U. S. Department of the Interior, Bureau of Mines, Report No. E-12,
in press).
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drilling was very difficult in certain areas; for a time the coyote-hole
blasting was used which, though quite common in quarry work, has seldom
been used in either copper or iron open—cut mines. It is of interest
that this method was employed in an extremely high bank. The tunnels
were 30 to 4o feet deep, with crosscuts 25 to 30 feet long, and were
driven into a bank variously reported to have been 220 to 240 feet high.
Up to about 60,000 tons were broken at one time.'®® The tunnels probably
were driven with the "chippie" drills, the light o3-inch piston machines
in principal use in the underground mine.®® According to DeKalb, it
had been hoped to apply this method to a 310-foot bank, 27 but the rock
was fragmented so coarsely that a great deal of secondary blasting was
necessary. Both block-holing with piston drills and "dobe"!*® shots were
made but caused much shovel delay. Moreover, there had been rock slides
that covered the shovels so that the high bank was apparently never suc-
cessfully worked.

At the Boston Consolidated Mine, which adjoined the Utah mine and was
incorporated with it in 1910, churn drills were in use for blasthole
work by 1907.%%% Practice here differed from that at Utah as the aim was
to work so-foot benches, although there was some variation in the height
of the bench owing to surface irregularities. One deep blasthole of
120 feet was tried, but the results were not so satisfactory as with the

lower benches.®0 The churn drills continued in use at least up to 1918,
when Rickard reported that two were working at the top of the cut where
the bench height and width were such that their use was economical. 131
They were also used to put down 30— to 8o-foot holes in the higher banks,

with both coyote holes and toe and bank piston-drill holes.?®?

The use of the well drill was the exception, however, and the Utah
Copper Mine represents one of the few operations at which the piston
drill is used for blastholes.'®® Numerous trials made with hammer drills

i25Courcenay DeKalb, "The Utah Copper Mine," Mining and Scientific Press, Vol.
XCVIII, ‘No. 15 (Apr. 10, 1909), pp. 520-1i.

126nTne ytah Copper Company's Mine and Mills," Engineering and Mining Journal,
Vol. LXXXII, No. 10 (Sept. 8, 1806), p. 435.

127hekalb, op. cit., p. 520.

128A corruption of "adobe" or clay used for mudcapping.

129;ames W. Abbott, "Mining at Bingham, Utah," Mining and Scientific Press,
Vol. XCIV, No. 19 (May 11, 1907), p. 597.

130Courtenay DeKalb, "Boston Consolidated, Bingham, Utah," Nining and Scientific
Press, Vol. XCVIII, No. 18 (Apr. 17, 1909), p. 554.

131R4ckard, op. cit., Vol. 117, No. 18 (Oct. 19, 1918), p. 524.

182pobert Marsh, Jr., Steam Shovel Mining (i1st ed.; New York: McGraw-Hill Book
Co., Inc., 1920), pp. 140-1, 158-9.

153The general practice 1s to use piston drills for toe holes; recently, however,
large electric churn drills have been used for special purposes. Nine-inch holes
were drilled with these drills to a depth of 58 feet (or 8 feet deeper than the
bench helght); because the ground caved, casing was used to protect the holes.

The holes were chambered before loading. (Information courteously furnished by
D. D. Moffatt, Vice President and General Manager, Utah Copper Co.)
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100 ROCK DRILLING

have proved unsatisfactory. The ground "ravels" or caves easily, as was
demonstrated in deep prospecting churn—drill holes where, in order to
finish at 43 or 6 inches, a starting bit 26 inches in diameter was used.
As a result over-all drill speeds were very low. The piston drill is
more effective than the hammer drill in withdrawing the steel in caving
ground, and it is unnecessary to maintain the long water lines which are
required for hammer drills and may become troublesome in cold weather.
Usually two piston drills, each having a runner and two helpers, worked
with each shovel. The drill crews also loaded and fired all holes and
blasted down any large boulders that remained partly suspended on the
face. The little secondary breaking needed was customarily done by
"dobeying" which, although wasteful of powder, was cheapest in the long
run. Since the same type and size of piston drill has been used almost
throughout the life of the Utah mine, increased productivity in drilling
and blasting must be largely attributed to improvements in explosives and
to more effective planning and technical direction.

At Nevada Consolidated and Morenci open pits churn drills are used
exclusively for primary blasthole drilling. The choice of drill was not
difficult for the Nevada mine. Before stripping was begun in August 1907,
more than 100 prospect holes had been bored with well drills. These
holes were all much deeper than the so-foot bench decided upon and, as
no great difficulties were met in the prospect work, the churn drill
was adopted for blasthole drilling. The steam churn drills originally
used did not stand up well under the severe service and were remode led
and strengthened at the mine shops. With these changes the drill speed
averaged 60 feet in 103 hours' working time,134 Though traction drills,
they were self-propelled for only short moves; for moving to another
bench they were lifted by a locamotive crane onto a flatcar and hauled to
the new position. In this manner much road making was spared and little
time lost. In 1934 the old steam machines were replaced by caterpillar-
mounted, electrically driven churn drills which nearly doubled the drill-
ing speed and halved labor requirements. Six—inch holes about 55 feet
long are drilled from about 10 feet behind the crest of the slope to
about 5 feet below grade. Usually they are Sprung one to three times,
as a heavy burden is placed on the holes and large explosive charges
are needed. As the rock is relatively soft and drills and breaks well,

little secondary breaking is required. (ccasionally some block-holing
is done with a hand hammer drill.

134"51ast-Hole Drilling in Open-Pit Copper Mining," Mining and Scientific Press,
Vol. 107, No. 17 (Oct. 25, 1913), p. 645.
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The ground also drills and breaks well at Morenci.!®® Heavy jack-
hammers (sinkers) suspended fraom pipe tripods with block and tackle are
used for work incidental to the lay-out of benches. For deeper holes
caterpillar-mounted electric churn drills with a g-inch bit and a heavy
tool string are used. Fifty feet was adopted as the standard bench
height and the churn-drill holes are sunk 8 to 10 feet deeper. The re-
ported speed is the same as at Nevada but the holes are one-half larger
in diameter and are shot without springing - a definite advantage over
small-diameter holes. The hammer-drill holes, however, are sprung.
Light jackhammers are used for block-holing when necessary.

Chino may also be included in the relatively soft-ground group, even
though some of it is hard and tough; but the rock has a marked tendency
to be blocky, so that secondary drilling is very important. Churn drill-
ing used for prospecting the ore deposit for nearly 2 years before strip-
ping was begun in 1910 indicating the practicability of using these
drills for blasthole work. They were not used alone, however, for with-—
out toe holes many hard ribs were left on the benches, fragmentation was
poor, and the shovels could not perform satisfactorily.

The first churn drills used at Chino were steam—driven. Later, com-
pressed air was used in a few of them but by 1916 nearly all the blast-

hole machines were of the traction type and were driven by gasoline
engines. Benches were about 30 feet high at first but a change to so
feet reduced shovel delays and decreased the cost per ton of drilling
and blasting. The drilling practice generally followed combined toe
holes about 22 feet deep with vertical churn-drill holes started from
about 10 feet behind the crest of the slope and carried a few feet below
grade. Heavy piston drills mounted on standard tripods were first used
for the toe holes and continued to find some employment as late as 1927
in "ravelly" ground.!®€¢ Tripod-mounted hammer drills introduced about
1922 worked much faster than the piston machines in firm ground and at
about the same speed in fractured ground. Soon sturdier hammer machines
with a more powerful rotation were substituted and by 1931 had entirely
replaced the piston drill.

Coyote-hole blasting was undertaken in 1914 in a bank about 100 feet
high where it was too hazardous to drill and chamber toe holes. Three
small tunnels that totaled 352 feet in length, including crosscuts, were
driven by hand and machine. Over s0,000 pounds of explosives were fired

1§SWalter C. Lawson, "Preliminary Stripping of the Morenci Open Pit, Arizona,"
Mining Technology, Vol. 2, No. 5 (Sept. 1938), A.I.M.E. Tech. Pub. No. 980, p. 13.

H. A. Thorne, "Mining Methods at the Chino Copper Mines," Mining Congress
Journal, Vol. 13, No. 10 (Oct. 1927), pp. 783-4.
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102 ROCK DRILLING

in one blast and it was estimated that nearly 119,000 cubic yards (about
240,000 tons) were broken.137

The close relation of ground-breaking techniques to other phases of pit
operation was well exemplified at Chino. Primary blasting, for example,
left many large boulders and fram 5 to 15 percent of the material broken
had to be blasted again to be easily handled by the 3—- and 3§—yard shov-
els and to provide pieces smaller than 12 inches for rapid unloading at
the mill. In 1914, after a primary crusher that would take pieces 48 by
60 inches was put into operation it was estimated that the cost of sec—
ondary breaking was reduced 8o to go percent'®® and "the cost of the
primary crushing and of loading the railroad cars from the bins was half
the cost of bringing the material down to proper size by bulldozing and
blockholing . . . . a number of men were released and delays eliminated

."18% Though a still larger crusher (84 by 66 inches) was put
into operation in 1917, drilling for secondary breaking remains a serious
problem for "the footage drilled in breaking boulders is about double
that drilled for primary blasts.!140

The New Cornelia deposit has great lateral extent and is about yog feet
thick. There was capping only at one end but it has been necessary to
remove waste about the margin of the deposit in order to mine all the
ore. In the last few years the waste-ore ratio increased greatly and
was 1.32 to 1 in 1937.141 The ore is the hardest of all the open-cut
copper mines and breaks into large boulders. Because of the hardness of
the rock the churn drill was not considered suitable, although it had
been employed in the removal of three low hills. When the face height
exceeded 45 feet, coyote holes were *found economical.

It was soon shown that the air drill was more satisfactory than the
churn drill for holes up to about 30 feet deep and such banks were chosen
as soon as it became possible to lay out permanent benches. A 25-foot

bench height has been found most economical and is used in opening new
levels. 142

On regular benches up to about 35 feet in height heavy tripod-mounted,
compressed-air piston drills were employed until 1923, when tests were
made with hammer machines. These were drifter-type drills removed fram

1°’R. I. Kirchman, "Gopher Blasting," The Colorado School of Mines Magazine,
Vo ¥ it 901 No. 6 (May 1914), pp. 103-8. This is quoted in part in MacDonald and
Epzian, op. cit., pp. 59-62.

lseﬁacDonuld and Enzlian, op. cit., p. 57.

lnghorno, Mining Practice at the Chino Mines, Nevada Consolidated Copper Co.,
Santa Rita, N. Mex., p.

l4oGardner, Johnson, and Butler, op. cit., p. 131.
1*1Ph91ps Dodge Corporation, op. cit., p. 6.

4*Ingham and Barr, op. cit., p. 10
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the guide shell and equipped with a special back-head, spring handle, and
air blowers. A special support was also evolved; instead of being car-
ried on a standard tripod the drills were suspended by block and tackle
from a tripod made of pipe. With this rig the drilling speed was nearly
four times that of the piston machine which was replaced.4® Such a cam-
parison, however, favors the hammer drilll4* which used hollow steel with
a starting bit 25 to 2} inches in diameterl45 compared with the 33-inch
solid-steel bit of the piston machine.l4® Recently, derrick-mounted
drifters have replaced the tripod-suspended drill, and a further increase
of about 10 percent in drilling speed is reported.

Drilling practice at Ajo differs especially from that at other open-
cut copper mines in that many holes in rows are shot at one time. This
procedure obtains better fragmentation and leaves fewer hard ribs between
contiguous blasts. Vertical holes are drilled to 2 feet below grade
and about 10 to 20 feet apart, depending on the hardness of the rock.
Toe holes are sometimes used where the bank slope is low. After being
sprung, groups of up to 100 holes are loaded and blasted, breaking areas
90 to 100 feet wide by 200 to 300 feet long. Two drill crews of two men
each per shovel are generally required. Secondary breaking is done by
block-holing and usually requires two additional men per shovel, one to
handle the drill and another to prepare places for the drill set-up.

The success attained with the latest type of electric churn drill in
hard rock, such as that at the Tilden iron mine and in quarry work, led
the Ajo management to experiment with this machine. In 1935 such a drill
was purchased and in the following year it was said that "improved drill-
ing and breaking results were achieved by the use of churn drills."
In 1937, additional churn drills were installed, together with drill-
sharpening and other equipment, and have been important in attaining

increased drilling productivity.l4”

Open-cast mining at the United Verde and the Copper Queen Mines was
auxiliary to regular underground work. At the latter, shovel mining
ceased in 1929 and at the former, ordinary pit operation was to be con-
cluded in 1939.1%® They presented same difficult mining problems because

143781a., p. 11.

144See p. 117.

4SGardner', op. cit., p. 28; G. R. Ingham, "The Mining Operations of the New
Cornelia Copper Co.," Mining Congress Journal, Vol. 14, No. 8 (Aug. 1928), p. 625.
%46A. W. Allen, "The Ajo Enterprise of the New Cornelia Copper Co. - IV," Engineer—
ing and Mining Journal-Press, Vol. 114, No. 5 (July 29, 1922), p. 184.

147Phe1ps Dodge Corporation, 4nnual Report: 1835, p. B; same, 1836, p. 5; and
same, 1937, p. 8.

148The ore remaining has been or will be obtained by glory-holing, necessitating
drilling and blasting, It is probable that such drilling will be entirely accom-
plished with hammer machines.
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104 ROCK DRILLING

of the relatively great ratio of waste to ore, the small area of the
deposits, and the irregular occurrence of ore within the mass to be ex-
cavated. At both mines the ground has been generally hard, and it broke
in large fragments.

At Sacramento Hill (the Copper Queen open—cast operation) steam and
electric churn drills had been used in prospecting between 1914 and 1916;
stripping was begun in 1917 and continued until 1921. Above the pit
entrance level, benches were spaced at 6o-foot intervals. They were
prepared by working upward, using horizontal piston-drill holes about
20 feet deep. A part of the face above the upper bench was as high as
130 feet, and to break it churn—drill holes yo to 8 feet deep were used
in conjunction with the horizontal piston-machine holes. In one section
where the face of the hill sloped away fram the shovel and there was
danger of rock being shot onto buildings below, cuts a few feet deep were
made, using piston drills for flat holes and jackhammers for down-holes.

The 6o—foot benches proved to be too high to be broken effectively by
blasts in churn—drill holes alone and tce holes about 20 to 25 feet deep
were used with churn—drill holes about yo feet deep; these were sprung
several times. A series of toe holes was first shot, loose rock removed,
and the bank holes blasted. This method caused the shovels to lose mmch

ime, and churn—drill holes about 27 to 30 feet deep were used in cam
bination with the piston—drill toe holes to open two lower benches at
ys-foot intervals. Even this was found uneconomical, and about 1g921—
all future work was planned for a 30-foot-bench height; churn drills were

I i y on these benches, but toe holes were occasionally
eduction in bank height and the increased use o

reatly improved drilling and blasting efficiency. It was

hovels could load more cars before each forward move

oench
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characteristics as the workings were extended. On the upper benches th
capping was drilled with great difficulty and generally was harder than
the ore. Other factors were the reduced length of hole, corresponding to
the lower bench height, and the increased skill of the personnel. About
1924~25, experiments with drifter-type hammer drills indicated that they
were about so percent faster than the piston drill,1%2 and they soon
displaced the latter.

The United Verde operation is of particular interest because of the
reason for the adoption of surface mining and special problems it pre-
sented. The ore body consisted of highly inclined lenses of massive
sulphides that were readily ignited; fires had started in 1893 and be-
came a very serious problem. Underground mining was carried on in the
fire zone (until about 1918) using a pressure system of ventilation.
Costs of operation, however, increased about 150 percent and the fires
had spread almost to the 1,000-foot level in spite of all efforts to
control or extinguish them. The smelter and a great part of the mine
surface plant, moreover, were endangered by subsidence intensified by
the fire. [t was then decided to recover the temporarily abandoned ore
above the 1,000-foot level by open—cutting. The waste-to-ore ratio was
estimated at nearly 7 to 1, but the pit depth attained has been greater
than was planned; the final ratio will be about 2.5 to 1.

The pit entrance level corresponded with the 160-foot mine level above
which was a hill of barren rock about soo feet high. A large part of the
hill had to be cut away to make it possible to get the ore below the
160-foot level. The first bench was about 110 feet high and those above
it about so feet except for the top bench that ranged from a few feet
to 140. Steam churn drills were used to good advantage in the relatively
soft and weathered rock of the uppercut but in the fresh, dense, under-
lying rock which had many slip planes and broke into large boulders
their speed dropped nearly 8o percent.1®® It had been planned to use
33-inch piston drills for long holes in inaccessible places, and jack-
hammers for short holes but after churn drilling was abandoned in 1924
two-man Ieyner drifters suspended from a pipe tripod were used for ver-
tical holes, and medium-weight one-man jackhammers for toe holes. On the
usual so-foot benches the down-holes were about 30 feet deep and the toe
holes about 20, and were chambered before shooting. This method gave
much better fragmentation than churn drilling, but about 20 percent of
the explosives required were used for secondary breaking. At the 160~
foot level and above it two other breaking methods were also employed.

1526&rdner, op. cit., PD. 28, 30.
53A1en1us, op. cit., D« 8.
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FIGURE 24.— A STEAM—-DRIVEN TRACTION CHURN DRILL SAMPLING ORE
AT AN OPEN—-CUT COPPER MINE

Churn drills are widely used in sampling disseminated or low-grade
"porphyry" copper ores as well as for blasthole drilling. An older wooden—
derrick drill at an open—cut copper mine is pictured above. The upright
steam boiler stands at the rear of the drill. The bailer (or sand gump),
which has just discharged a load of cuttings into the trough seen in the
foreground, is again being lowered into the hole. The tool string is
standing at the right of the bailer.

Where ground and bank slope permitted, steam churn drills put down 6-
to 8-inch holes to a depth 10 to 12 feet below bank height. The other
scheme was that of coyote-hole blasting and was employed in the highest
bank ever used in any American metal mine. This bench, which was 315
to 320 feet high, was a merging of those immediately above the 160-foot
level. Six coyote-hole blasts were set off and broke about 1.8 million
tons of rock, the largest breaking a half million tons.

Hot ground was first encountered at the 160-foot level, and rock tem—
peratures as high as 240° F. were reported. In the lower pit a maximum
ground temperature of 780° F. was recorded. Generally the holes were
cooled to 120° F. or below with water or water and sand before loading
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and shooting. Obviously drilling and blasting efficiency was low com—
pared with that of other mines with normal rock conditions. No attempt
was made to chamber the hotter holes and special blasting methods were
employed.

Below the 160-foot level the excavation was principally in ore. Al-
though the ore was not as hard as the rock on the upper benches, the
occurrence of waste masses intermixed with several grades and varieties
of ore led to the adoption of benches of 25 to 33 feet. When ore ex-
traction from this section was begun about 1927, traction churn drills
operated by electric power were introduced. This resulted in saving
the labor of one man per drill compared with the steam machine, and an
increase in footage drilled per drill-shift.

Tripod-mounted hammer drills and jackhammers have been used in drill-
ing for bank trimming and for places inaccessible to the churn drill.
The churn drill is preferred, however, especially where heat and gas
are factors, and the cost of breaking ground with it is reported to be
about 16 percent lower than with air drills. Closely spaced, lightly
loaded jackhammer holes supplant churn-drill holes near the outer limits
of the pit to minimize fracturing the walls. Wagon-mounted drifters
also have been used recently, with a reported gain in drilling speed.
Secondary breaking is accomplished exclusively by block-holing with
Jjackhammers.

It is noteworthy that the outstanding developments in drill design had
all taken place before the open-cut copper mines came into production.
These mines presented a wide range of rock characteristics, however, and
required specially developed drilling practices to best meet local con-
ditions. The character of these practices, in turn, was greatly affected
by mechanization and technical improvement in other mining processes,
particularly loading, hauling, and crushing. With reference to drilling
equipment itself there were shifts from one type of machine or model to
another and toward heavier, more powerful, and mobile drills, accompanied
by gains of 200 to 300 percent in footage drilled per man-shift. At
Nevada, for example, four electric churn drills replaced one small and
eight large steam drills. The steam drills used about two and a half
man-shifts per machine-shift but the electric drills required only one
man, with occasional aid from a helper. At New Cornelia the shift from
piston to hammer drill nearly quadrupled the drilling speed, and the
change to the derrick-mounted hammer machine resulted in a further in—
crease of 10 percent, accompanied by even greater proportionate increases
in drilling productivity. Similar gains due to improvement of blasthole-
drilling practice have been noted for other surface copper mines.
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ROCK DRILLING

IMPORTANCE OF VARIETY OF DRILLS

Discussion of the introduction and development of the principal types
of power rock-perforating and cutting machines in this and the preceding
chapter!®# indicates that the individual machines have rather limited
and specialized uses and that the mining engineer selects whatever equip-
ment is most effective and economical for specific purposes. The extent
of current application of major types of power drills and cutters is
briefly summarized in table 5.

Table 5.- CURRENT USE OF MAJOR TYPES OF POWER DRILLS
AND CUTTERS

Prospect drilling Blasthole drilling

Dimension-
stone
quarrying

Type of drill Surface mining
or cutter Underground| Surface Unde rground and general
quarrying

Piston drill (a) (b) Virtually obsolete Seldom Seldom

Hammer drill
Drifter Seldom Almost universal Extensive Extenslive
Stoper (v) Almost universal (a) (a)
Jackhammer (a) Almost universai Extensive Extensive

Augerc
Rotary (b) Decreasing Seldom (a)
Jackhammer (b) Extensive use in Seldom (a)

soft ground

Rotary drill
Diamond Extensive Extensive | Seldom (a)
Shot-calyx Seldom Seldom (a)
Hydraulic® (2) Seldom (a)

Churn or well drill | Seldom Extensive (a) Extensive (a)

Quarry machine
Channeler (a) (a) (a) (a) Extensive
Wire saw (a) (a) (a) (a) Increasing

2Use of the equipment for the purpose indicated would be exceptional.

Quite frequently samples are taken from blasthole cuttings obtained with these drills to check primary sampling or
to determine current (ore) grade.

CIC ;hould be noted that the information summerized in this table does not include coal mining and oil- and gas-well
development.

Some of the drills now in use have been adapted to other purposes than
those for which they were primarily designed. The diamond drill, for
example, is now used almost entirely for prospect drilling, although it
was originally intended for blasthole and dimension-stone quarry work.
For more than a quarter century no new type of drill has been developed,

154In addition to the machines described in these chapters, there were other types
of equipment that were never widely used and were replaced by more effective
devices. The coal pick or puncher was used to Some extent In salt and iron mines,
for example, and a modified form, the "radialaxe", was employed in marble quarrying
and in Tennessee blue-rock phosphate operations. The coal pick generally resembled
a piston drill but there was no rotation of the steel or bit, The piston rod
was 3 or more feet long so that deep cuts could be made; the puncher was usually
supported by a pair of low wheels and made the undercut by swinging from side to
side. The "radialaxe" machine was essentlally a heavy, moderately long-stroke
piston drill mounted on a column and could be swung in a vertical or horizontal
arc by a worm gear.
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and technical progress has consisted mainly of improvements in existing
machines.

In contrast with operations more than 60 years ago on the Comstock
lode, where the piston drill was the only machine available for under-
ground work, no one type of drill is employed today to meet the needs
of all operating conditions. The development of an increasing array
of machines of varying abilities and capacities placed a more flexible
drilling procedure in the hands of the mine technologist and opened the
way to new efficiencies. This factor was probably just as important to
over-all drilling progress as the increases in effectiveness and effi-
ciency of the individual types of drilling machines noted in preceding
sections.
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CHAPTER V
PROGRESS IN OUTPUT PER MAN IN ROCK DRILLING

As noted in chapters III and IV, major technical advances and the
development of special types enormously improved the rock drill. The
result was greater effectiveness which was reflected in rising output
per machine- or driller-shift. Quantitative appraisal of changing output
per man in rock drilling, however, presents difficult problems.

DIFFICULTIES OF MEASURING OUTPUT

Tonnage broken per machine- or driller-shift is the main objective of
drilling in actual mining but leaves much to be desired as an indicator
of changing productivity. Such figures exclude consideration of prospect
drilling and the remarkable progress made in machines used largely for
that purpose. Statistical data on tonnage broken, moreover, are not
generally available on a basis that permits desired comparisons. Much
of the material moved in a quarry or mine, either underground or sur-
face, may be waste; although the records of ore or stone moved are rea—
sonably accurate, records of the tonnage of waste broken are frequently
not available or are subject to considerable error. Furthermore, the
ratios of waste to ore are not constant and the drilling requirements and
degree of fragmentation of ore and waste gemerally differ. As a result
reliable estimates of total tonnage broken generally cannot be made from
ore-tonnage data.

Tonnage broken reflects progress in the quality and use of explosives
and the blasting practice followed as well as the prevailing state of
drilling technology. The blasting practice is in turn influenced by the
mining method employed - especially whether surface or underground,!
the amount of fragmentation needed,® and the structure of the rock or

1WOrking conditions are often experienced underground that are not met with on the
surface. The walls or roof of a stope may be weak, for example, and heavy charges
of explosives may not be used, thus making necessary more than the ordinary amount
of drilling per ton. Wide variations in hardness of the ground are also not
uncommon. This reacts not only on guantity and strength of explosive required but
also upon the number of holes used in breaking a given quantity of ground. At an
iron mine, for instance, 15 holes comprised a regular drift round in average
ground and 80 sticks of 40-percent dynamite a normal loading. In ground that is
hard and more difficult to break, 22 holes and 168 sticks of 60-percent dynamite
were necessary to break a round.

2In mechanized surface mining the size of the power-shovel dipper or primary
crusher may be such that fragments as large as 4 or more feet in diameter may be
handled. Thus, in comparison with operations where small fragments must be
obtained, relatively little drilling per ton is required. On the other hand, in
many underground mines there are constricted ore-passes that usually have at the
top, as a safety measure, a bar grating with openings not much over a foot in
width; mine cars also may be so small that large pleces cannot be loadeds Thus
a relatively large footage must be drilled per ton broken and the driller's tonnage
output Is correspondingly low. That the use to which the product 1s put also
affects tonnage is i1llustrated in cement manufacture where there 1s no objection
to large amounts of fines in the broken limestone; for lime manufacture, however,
the lumpy rock generally required demands greater pains in drilling and blasting.
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ore — which includes consideration of the homogeneity, stratification,
presence or absence of joints and fractures, and other structural char-
acteristics. The amount of fragmentation needed is governed by the max-
imum size that can be conveniently loaded and by the use to which the
product is put. Where wage payments are made on the basis of footage
drilled there may be also a tendency to gain footage at the expense of
tonnage. The temperature and humidity of the workings also affect the
tonnage output per driller-shift. These and other factors that vary
widely from operation to operation and at different periods in the life
of the same mine suggest the use of some other measure than tonnage bro-
ken as an indicator of changes in productivity in rock drilling.

Although it has many of the disadvantages of tonnage broken, footage
drilled per driller- or machine-shift is a better yardstick of changing

unit output. It permits inclusion of progress made in prospect drilling,
is not heavily weighted by changes in explosives and in blasting prac-
tice, and does not require extensive supplementary data on tonnage.

FACTORS AFFECTING FOOTAGE DRILLED

These advantages are partly offset by the fact that the number of feet
drilled per driller-shift depends on many important and variable elements
that must be understood before even crude measures of drilling progress
can be properly interpreted. Some of the more significant of these fac-
tors are outlined briefly in the following paragraphs and include con-
sideration of rock or ore characteristics related to drill penetration;
effective drilling time per shift; depth, inclination, and diameter of
hole; removal of cuttings; shape and quality of drill bits; air pressure;
and skill of driller and management.

Rock or Ore Characteristics

The resistance offered by a rock to penetration by a drill is important
in records of drill performance. The principal physical characteristics
of rock which affect its resistance to drilling are hardness, toughness,
abrasiveness, friability, plasticity, sludging character, and the presence
or absence of bedding planes, joints, and fracture planes. Of these,
hardness and toughness are most significant.

Most rocks and ores are mineral aggregates in which the minerals them-
selves show a considerable hardness range. Rocks of the same general
classification also vary in content of the predominant minerals. The
effect of such variation was well illustrated by Dale. Although struc—
tural and ornamental granites are cammonly thought to be of roughly egual
hardness, in 1907 Dale reported that granites from different European
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112 ROCK DRILLING

localities tested for losses in abrasion showed a hardness range of about
110 percent.® In the same year Lord reported a toughness range of from
1 to 3 and a hardness range of from 1 to about 2% for about 30 rocks
commonly found in mining and quarrying.* Lord determined the hardness
by grinding with a standard abrasive agent, and the toughness, or the
ability to withstand fracture by impact, by dropping a weight on the
specimen until it failed. Although the values so obtained can hardly
be directly applied in comparing drilling speeds they do indicate wide
variations in the hardness and toughness of different kinds of rocks.

Table 6.- VARIATIONS IN HARDNESS OF MATERIAL RELATED TO
DRILLING SPEEDS AT THE SOUDAN MINE, MINNESOTA, 19382

Item OreP® Jasper® "Rock"d

Average penetration per bit,
in inches® 2.249 1.788 22.130
Range of penetration per bit,
in inches 1.01-8.881 1.18-3.22(13.5-45.6
Relative hardness based on
average bit penetration 9.8 1285
Drilling speed, operating time,
in inches per minute?® 0.388 0.383 1.901
Range in drilling speed per
minute, operating time 0.154-1.0 |0.21-0.747(1.51-2.45
Feet drilled 30,048 3,718 30,538
Number of bits used 180,439 25,828 18,559

aCompiled from W. P. Wolff, "The Soudan - a Hard Rock Mine," Compressed Air
Magazine, Vol. 43, No. 10 (Oct. 1938), pp. 5717-8. Data cover operations from
January to April, inclusive. The estimates of hardness were based on the suggestion
made about 50 years ago that rock hardness could be measured by the rate of pene-
tration of a drill. Cf. J. Francis Williams, "The Igneous Rocks of Arkansas,"
Annual Report of the Geological Survey of Arkansas for 1890 (Little Rock, Ark.:
is91), II, 41.

bHard, blue-black hematite.

Clean iron ore; very hard metamorphosed sediment, largely iron oxide and silica
with Iron content of 10 to 50 percent.

d"Average rock" that is locally called "greenstone" and that comprises metamorphic
rocks, principally quartz sericite schist, sericite and chlorite schists.

€Detachable bits only. At the start the bits are 2 inches in dilameter and are
ground and retempered when dulled. Each bit 1s used about elght times and is
discarded when the diameter becomes 1§ inches. One-man, 3- and 3%-1inch drifters
are used, some with automatic feed.

rThe range 1s wider than for Jasper or rock and the variation is often much greater
than shown. In one case cited, 103 bits were required for a 36-inch hole, or an
average penetration per bit of only 0.349 inch. Hardness varies among holes and
within one hole.

gOperating time 1is "all the elapsed time from the instant a drill is set up ready
to run until 1t is ready to be taken down after the completion of drilling from
a given position. It includes all ordinary delays."

3T. Nelson Dale, The Granites of Maine (U. S. Dept. Int., Geol. Survey, Bull.
No. 313, 1907), pp. 64-6.

“Edwin C. E. Lord, Examination and Classification of Rocks for Road Building
(U. 8. Dept. Agr., Office of Public Roads, Bull. No. 31, 1907), table 2, opposite
p. 14. Ilater methods of testing the physical characteristics of rocks and the
results of about 6,000 determinations made up to the end of 1927 are given by
D. 0. Woolf, The Results of Physical fests of Road-Building Rock (U. S. Dept. Agr.,
Misc. Pub. No. 76, 1830).

je N Wl whediye



OUTPUT PER MAN 113

Drilling speeds have been reported as high as 240 feet in 8 hours for
a one-man jackhammer in limestone, a comparatively soft rock with char-
acteristics that usually favor rapid drilling. At the other extreme is
the hard ore and jasper of the Soudan iron mine near Tower, Minn. Table
6 shows not only the extraordinary hardness® of these materials and the
resulting slow drilling speed but also the great range of drilling speeds

found in one mine.

Effective Drilling Time per Shift

Reports on drilling speed are given most frequently in terms of feet
per machine- or man-shift, and the length of the shift has varied. Al-
though the 8-hour shift now is common practice io-hour or longer shifts
persisted at underground mines in some localities up to about the time
of the World War; at surface operations the shift frequently was longer.
BEven where the "8 hour day" was worked it was somewhat elastic. At some
operations it meant 8 hours actually spent at the working face and at
others "8 hours from collar to collar",® a difference of probably 10 to
15 percent in available working time in many instances. In making long-
range comparisons of performance per shift, changes in the length of the
working day must be taken into consideration.

The amount of time actually spent in drilling within the regular shift
is also variable. Even when the miner or driller is assigned to a drill-
ing task much of his time is spent in performing work of a preparatory
nature, some of which is necessary to insure his safety. Once at the
working face he must "bar down" any loose rock and perhaps place some
temporary timber. Setting up his machine is a negligible matter with
jackhammer or stoper, but for a drifter he must block securely in place
a bar or column on which to set the drill, although in surface workings
and in the Mississippi Valley zinc-lead mines tripod mountings are gen—
erally used. The next step is to connect air and water hoses to pipe
lines and the drill. This preliminary work may require considerable
time. With a steel in the chuck, drilling may begin, but within a few
minutes the machine must be stopped to change to a longer steel or to
a sharp bit, or the steel may have stuck or broken. It may take some
time to change steel, especially if it is long; not only does the drill
have to be brought back in its carriage but clamps also may have to be
5w. P. Wolff, "The Soudan - & Hard Rock Mine," Compressed 4ir Magazine, Vol. 43,
No. 10 (Oct. 1938), p..5718,states that "Brinnell tests have shown specimens of
the ore to be actually harder than the steel that was used to drill 1t. It would
seem that the steel survives only because it is tough, while the ore 1s relatively

brittle."

6A common phrase used to mean that 8 hours elapse from the time the miner passes
the mouth of the shaft or drift on his way into the mine to the time he passes the

same place on hls way out.
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114 ROCK DRILLING

slackened so that the drill may be swung aside to let the steel or rod
pass it. With the older-type piston drill, changing steel took much
more time than for hammer drills since the steel was clamped in the chuck
with a U-bolt on which two nuts had to be loosened and then tightened
with a heavy wrench. When a hole has been completed the drill must be
shifted to a new position and sometimes a second set-up may be necessary
to complete a group of holes. After drilling has been finished the drill
and its auxiliaries have to be taken down and moved back from the face.
"Tearing down" takes ordinarily about half as long as "setting up." Cus-
tomarily the driller also loads and fires the holes; this operation may
take 30 minutes to an hour depending primarily on the number of holes.

There are many other reasons why the time actually spent in drilling
varies during the shift. Some of the most common are shortage of drill
steel, machine break-downs, and insufficient air pressure.

Furthermore, there are factors that act adversely upon the physical
ability of the drill runner to perform work. These include high temper-
atures and humidities and other atmospheric conditions.” With increased
depth, mines tend to become hotter and more humid. Conditions partic—
ularly unfavorable to physical exertion were common on the Comstock lode.
Although mechanical ventilation was begun in 1868, in the late seventies
temperatures on lower levels were very high. In the hottest workings of
the California and Consolidated Virginia Mines during the summer of 1878
the average daily consumption of ice for every miner was 95 pounds. It
was also stated that "if power-drills had not been in general use the
work of exploration would probably have come to a close. To penetrate
hard rock while breathing such an atmosphere would have taxed human en-
durance too greatly; even to cut out the decomposed feldspar with light
steel picks was a painful labor." In some stopes of mines mentioned
above "four miners could scarcely do the ordinary work of one man in a
moderately cool drift; yet no mines were more carefully ventilated than
these."® Thirty-five years later Higgins reported that he found many
cases on the Comstock where miners were working only one-fifth to one-
sixth of their time, though they received a full day's pay, and that
frequent observations in Lake Superior iron mines, where conditions were
Z’}j‘.fei .t sS z;yfe Ssb naor;?nasla r.;l'ae m‘%.e faa: ;'fepsorat er R.; Jmiie dwi toife sL i(%eegartﬁlrf k?(? . tlhf 5(})> hfl IS‘\ grﬁ Z‘gig Ci?c:l
Health Reports; U. S. Treasury Dept., Public Health Service, 1927), p. 56.
"The upper 1limit in atmospheric conditions at which work can be performed efifil=
clently corresponds to a dry-bulb temperature of 100° and a relative humidity
of 30 per cent, or 90° or 95° F. 1in still saturated air, even when stripped to

the waist. The optimum temperature at rest is around Ged F.; and with hard work

the optimum temperature is 59.5° An air current of less than normal
body temperature reduces discomfort but if warmer affords no benefit and may be
disadvantageous.

8e110t Lord, Comstock Nining and Miners (U. S. Dept. Int., Geol. Survey Monograph
No. 1V, 1883), p. 3g4.
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much less severe, showed that with wet-bulb temperatures of 80° to 90°
(relative humidity 9o to 100 percent) the average miner worked only one-
third to one-half his shift.® Abnormal temperatures and humidities may
also be found in surface work because of seasonal climatic changes, but
the effects of exposure generally are less severe. Underground atmos-
pheric conditions change but little with the season, except in shallow
mines.

Various estimates of net drilling time underground range from about
30 to 60 percent of the shift length. Illustrations of time losses from
all sources and the low percentage of time actually drilling in develop-
ment work were reported by Mitke.l® FElsing in summarizing several in-
vestigations states that, with drifter drills in an 8-hour shift, 4 to
s hours are used in drilling but that the drill actually is running often

11 Tn surface work actual

only 40 to 90 minutes of this 4 or s hours.
drilling generally occupies a larger proportion of working time than
underground. The time lost for all reasons in heavy jackhammer surface
drilling in highway construction in four groups of rocks ranged from
36.1 to 62 percent, and the weighted general average was 45.6 percent.'®
Summarizing available data for piston drills in surface work, Gillette
stated that "drills . . . . are actually striking or cutting rock only
40 to 70% of the time, the average under most conditions being about
55%."1® He concluded that the higher figure was seldom reached and 4o

percent could be taken as a typical average.

Depth, Inclination, and Diameter of Hole

Depth, inclination, and diameter of the hole are factors that also
affect drill performance. In underground work most machine-drill holes
are 6 to 10 feet in length. When such holes are drilled with the mod-
ern wet hammer drills the net effect of length of hole upon footage per
driller-shift generally is small. In general, however, drilling speed
usually decreases with increasing depth and reduces footage drilled per
shift. Offsetting factors are a decrease in hole diameter with increased
depth and less lost time in moving the drill from hole to hole. In some
instances, as where longer holes are used in-stoping, the offsetting

9Edwin Higgins, "Ventilation in the Iron Mines of the Lake Superior District,"
Proceedings of the Lake Superior Mining Institute, Vol. XIX (1914), pp. 172, 159.
10charies A. Mitke, "Standardization of Mining Methods, " Engineering and Nining
Journal, Vol. 106, No. 28 (Dec. 28, 1918), pp. 1108-90.

Uyorris J. Elsing, "Cost of Drifting, " Engineering and Mining Journal, Vol. 133,
No. 1 (Jan. 1932), p. 13.

12 ndrew P. Anderson, "Some Studies of Drilling and Blasting in Highway Grading, "
Public Roads, Vol. 12, No. 12 (Feb. 1932), table 2, p. 298.

18Halbert‘, P. Gillette, Handbook of Rock Excavation (rev, ed.; New York: McGraw-
HI119Book Co.,  Inc., - 1918),.p- 2197

e B R E R

M

e

i
!
|
é
{
]
f
4
3
#
!
|
g
i
]
i

e A T e A A ot 3SR R R e T AR R D




e e o e AT i e ettt R O AR T

. gz

T T e 0 £ AT L3 e o e e v 3 o

|
|
%
|
?

116 ROCK DRILLING

factors have more than overcome the difficulties of greater depth and
there has been an increase in footage per driller-shift.

Although handicaps that accompany greater depth of hole in present-day
drilling may be largely offset by modern equipment this was not the case
when boring was done by hand or with the piston machine. In surface
work by hand on the Marquette Range, for example, the cost per foot of
15-22-foot blastholes was nearly double that of is-foot holes (or the
drilling efficiency was halved), and the drilling speed for smaller and
much shallower block-holes (averaging about 1 foot) was about two and
one-half times that in holes up to 15 feet.!* In piston drilling the
greater weight of long steels and the increased friction between the
steel and the wall of the hole acted to decrease speed with depth. To
offset this, machines with large-cylinder diameters were employed for
deep-hole work.

The influence of the slope of the hole on the footage drilled per time
unit is also best illustrated by hand and piston drilling. Experiments
showed that nearly vertical down-holes were hand-bored at slightly more
than twice the rate of horizontal holes; for holes inclined upward the
rate was lower than for horizontal holes.l® The energy of a vertical
downward piston-drill blow is estimated to be about 14 percent more than
that of a horizontal blow.'® Uppers!” from which cuttings fell by grav—
ity were drilled much more rapidly than down-holes with piston drills,
but with a wet hammer drill the inclination of the hole made little ap-
parent difference.'® It was Young's view that uppers were generally
drilled more rapidly than down-holes.l® With the development of dif-
ferent modern wet hammer drills for specific tasks, however, it is dif-
ficult to segregate the effect of hole inclination. Although unmounted
jackhammers have been used for relatively horizontal holes, it has been
observed that the footage per shift is appreciably less than when used
in down-hole work. This is so even when the jackhammers are supported
for horizontal drilling. In general, hammer drills of the same pis-—
ton diameter drilled horizontal holes at a lower rate than uppers or

down-holes.

14g, B. Brooks, "Iron Bearing Rocks (Economic)," Geological Survey of Michigan, Up-
per Peninsula: 1869-1873 (New York: Julius Bien, 1873), vol. I, pt. I, pp. 284-5.

15Gillente, op. cit., p. 23.

18gychara 1. Dana and W. L. Saunders, Rock Drilling (ist ed., New York: John Wiley
& Sons, 1911), p. 38.

17Holes that are inclined more than 20° above the horizontal usually are called
"uppers." At a 20" inclination dry cuttings will not run out but the reciprocating
motion of the piston drill will keep the hole falrly clean.

8 .
186111ette, op. cit., pp. 170-1.

19George J. Young, Flements of Mining (3d ed.; New York: McGraw-Hill Book Co.,
Inc., 19832), p. 108.
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The net effect of hole diameter on footage drilled has not yet been
fully determined. Dana and Saunders reported that drill-performance
tests with piston drills on the Witwatersrand more than 30 years ago
indicated the importance of bit size in drilling speed.®® The gain from
a decrease in bit size also was noted in tests conducted by the Bureau of
Mines in 1921. Using 1-inch steel with 13-inch starting bits in one
series of tests with drifter-type hammer drills "the drilling speed
as compared to previous results with 1% in. steel [presumably having
a 25-inch starting bit] was increased about go percent."?! More recent
studies also show that drill gage is a major factor affecting footage

obtained.??

Removal of Cuttings

Drilling efficiency with hand and piston drills was reduced by the
continued comminution of fragments already broken from the hole bottam,
within the period between hole cleanings. The regular or ccntinuous
removal of cuttings became of greater importance, moreover, with the
adoption of machines that cut so much faster than hand work. The ef-
fect of this factor on drilling speed was early recognized and in 1878
Saunders patented his water-jet system for subagueous drilling and later
reported that "jets will increase the output from 30 to 100%'" and cited

a number of instances to prove the point.%®

The designers of hammer drills used hollow steel that permitted the
passage of compressed air or a combination of water and air to eject
cuttings. This resulted in a marked improvement in drilling rates, and
the use of such drills is now almost universal in all underground work.

Air Pressure

The early piston drill used pressures about half the present ones and
its lower drilling speed was partly due to this fact. Experiments have
shown the importance of optimum air pressure to drilling progress. A
series of tests made with stopers, for example, showed a very close rela-

tion between air pressure and foot-pounds per blow.** The number of

ZODana and Saunders, op. cit., D. 40.

EL0iER, Forbes, Rock Drilling Tests in the Tri-State Mining District (U. S. Dept.
Int., Bur. Mines, Report of Investigations 2297, mimeo., Nov. 1821), p. 3.
ZZMcHenry Mosier and Wing C. Agnew, Mount Weather Testing Adit Progress Report 1
(U. S. Dept. Int., Bur. Mines, Report of Investigations 3439, mimeo., Feb. 1939),
pp. 8-9; McHenry Mosier and Wing C. Agnew, Bit Gage v. Drilling Speed (U. S. Dept.
Int., Bur. Mines, Report of Investigations 3447, mimeo., May 1839), pp. 2-3.
23Dana and Saunders, op. cit., DD. 23-4, 31, 62. In soft rock and subagueous
drilling the speed increase was very much higher.

24Robert H. Bedford and William Hague, "Rock-Drill Testing at the North Star,"
Mining and Scientific Press, Vol. 107, No. 5 (Aug. 2, 1913), p. 180. With
a 32-percent pressure drop the foot-pounds per blow dropped 31 percent. The Con.]
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118 ROCK DRILLING

blows per minute declined and the footage drilled dropped sharply when
the air pressure was reduced below the optimum. For jackhammer work,
both hand-held and mounted, Forbes and Barton showed that speed and air
pressure are closely related for several bit types.25

The modern hammer drill is most efficient over a pressure range of
about 85 to 95 pounds per square inch but will be quite effective from
about 70 to 100 pounds. The efficiency drops rapidly, however, when
the air pressure falls below 70 pounds. Tests have been made at 125 to
200 pounds and much higher drilling rates have been attained, but the
additional wear and breakage of machines and steel and the added cost
of high-pressure air more than offset the gain in speed.2®

Shape and Quality of Drill Bits

Aside from the size of the bit previously discussed, the shape and
quality have a marked effect upon drilling speed. Many shapes have been
devised and the greater number discarded. The bit used most widely is
the y4—point cross bit illustrated on page uy. Other types, such as the Z
and Carr afford higher drilling rates under certain conditions.?? Where
gage loss is great - for example, in the Tri-State district - bits that
have good reaming qualities are preferable. Limited tests conducted by
the U. S. Bureau of Mines indicated that a full-reaming bit advanced
about 20 percent faster than a standard bit of the same manufacture and
of closely identical gages, and the gage loss was about one-third.2®

There has been some improvement in the bit steel and perhaps greater
gains have been due to advances in forging and heat-treating and the
development of the mechanical sharpener. It was claimed that machine-
sharpened bits could drill 25 to 100 percent more than hand-dressed

24[Con.]results of 1,500 tests made at the United Verde Mine about 1921 are re-
ported by H. W. Seamon, "Relation of Air Pressure to Drilling Speeds of Hammer
Drills" and discussion of this article, Pransactions of the American Institute of
Mining and Metallurgical Engineers, Vol. LXVI (1922), pp. 743-57. A condensed
summary of part of Seamon's tabular data follows, covering all drills tested.
Performance at different air pressures is shown relative to that at 80 pounds.
oo : Tes} pressuref in poundf

40 60 80 100 120 130
Blows per minute 76 89 100 111 119 122
Strength of blow 49 75 100 125 151 160
Drilling speeds 31 64 100 140 180 198

25Carroll R. Forbes and Joseph C. Barton, "Comparative Tests of Hammer Drill Bits, "
Transactions, A.I.M.E., Vol. LVIII (1918), pp. 8, 24

EGOcha Potter, "Block Testing of Drill Steel and Experiments With High Alr

Presgure," Proceedings of the Lake Superior Mining Institute, Vol. XXVII (1929),
pp. 85-7.

27Forbes and Barton, op. cit., p. 24.
“ByMoster and Agnew, Mount Weather Testing Adit Progress Report 1, p. 7.
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bits.?® The use of other devices and controls made the bits more dura-
ble. The effect cannot be accurately measured but, like other changes,
the net result has been to increase speed not only by cutting more rap-
idly but also by reducing the time spent in changing steel.

The use of detachable bits not only made possible a notable saving
of labor in transporting drill steel®C and a major increase in footage,
but also introduced other timesaving factors that add to driller pro-
ductivity. In drilling in hard ground with the conventional steel where
many pieces may be required the miner frequently uses one already partly
dulled rather than change to a sharp steel. How this practice retards
drilling progress was indicated by Bedford and Hague, who used a sharp
set of steel in one hole and then re-used it in a second, testing the
results meanwhile. Under the same pressure conditions the number of
blows and force per blow were essentially constant for both holes but
the drilling speed dropped nearly 30 percent when the dulled steel was
used in the second hole.®! Further, if the bit does not penetrate the
rock most of the blow energy is consumed in rebound absorbed by the ma-
chine, and its effectiveness is rapidly reduced by the shocks. Such
effects have been frequently noted, and Ross estimated that drill-repair
costs may be reduced as much as 20 percent because of the use of the
sharper detachable bits.®?

Skill of Driller and Management

The skill of the drill rumner is also a factor influencing the footage
drilled, although it is not as important as in the early period when the
operator also had to service his drill.®® Until recently some repairs

297, H. Proske, "Rock Drill Bits," Mining and Scientific Press, Vol. 100, No. 10
(Mar. 5, 1910), D. 347.

505, M. Ross, "How Detachable Bits Reduce Mining Costs," Compressed Air Magazine,
Vol. 44, No. 4 (Apr. 1939), p. 6862. The author apparently referred to the mine
for which speed and hardness data are given in table 6, p. 112. He says that with
the conventional steel, often 140 to 170 pleces welghing about 2,800 pounds were
needed to drill one 7-foot hole. It is patent thet much time and energy would
be expended in transporting such a great weight and number of pleces from about
2 to 7 feet long into a stope, for example. With the separable bits, assuming
20 percent fewer bits [and 140 used] the miner would have to carry only about
55 pounds in bits and perhaps two rods, say 6 feet long and welghing 50 pounds,
or roughly 106 pounds instead of about 2,800.

Tests made by TVA covering more than 225,000 feet, of which 130,000 feec was
with detachable bits, showed the latter drilled about 10 percent faster than the
conventionally forged bit. There was also a saving of one blacksmith and helper
and one man with distributing team or truck for the detachable over the Qrdingry
bit. Cf. "Cost and Performance Data on Forged and Detachable Bits," Engineering
and Mining Jowrnal, Vol. 137, No. 1 (Jan. 1836), DD. 24-5.

31Bedrord and Hague, op. cit., pp. 180-1.

3ZROSS, loc. cit.

58pana and saunders (op. cit., D. 19) remarked that "the power drill appeals as

presenting . . . . one Of the most gerverse machines to handle, and one of the most
complex tools ever invented." 1Italles in source.
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120 ROCK DRILLING

continued to be made at the working face, but this is rarely permitted
now. Although the function of the driller has been increasingly con-
fined to drilling and blasting and closely related work individual skill
and muscular coordination still aid in obtaining high drill performance.
For example, in so simple a function as changing steel, skill and ex—
perience are important. This is especially true if the steel becomes
stuck, although a skilled operator seldom sticks a steel. One observer
reporting on many thousand time studies said the time range for changes
was from 12 seconds to over 6 minutes, with an average of 45 seconds per
change. In bad ground an inexperienced man often took many times as long
as an experienced one to withdraw the steel.®* Another example will
illustrate the effect of skill and experience in onme form of surface
drilling. On the Cuyuna Range the ordinary Mesabi rig was frequently
used to drill inclined prospect holes. The drillers were skilled in its
use in vertical holes. At first they drilled about 6 to 8 feet per shift
in inclined holes and considered the hole-depth limit about 140 to 150
feet. Subsequently holes up to 200 feet were easily made at a speed
of 12 to 15 feet per shift over the full depth. This doubling of output
was attributed to the increased experience of the men, better knowledge
of the ground drilled, and "adaptation of methods" to conditions.3®

The skill of management exerts an even larger influence on drill per-
formance than the skill of the miner. It is responsible, for example,
for the choice of the mining method and of the drilling devices to be
applied for specific tasks both of which are of tremendous importance
in the conduct of satisfactory drilling. The wise operator schools the
drill runner, standardizes drilling methods, and plans and directs ef-
fective utilization of the machineman's time. In fact, within certain
limits, the skill and productivity of the driller as well as over-all
drilling efficiency are products of management.

CHANGING FOOTAGE PER MAN-SHIFT IN ROCK DRILLING

Recognizing the influence of wide variations in the factors Jjust noted
upon footage drilled, it is also advisable to consider the principal
differences in mining in developing comparisons and indicating trends.
For example, the notable differences between certain types of surface and
underground drilling machines and the absence in surface work of spatial
restrictions and of the need for most of the preparatory tasks of the

=
®4pnderson, op. cit., pp. 299, 300.

SDPercy W. Donovan, "Churn Drill Angle Holes on the Cuyuna, " Engineering and
Mining Journal, Vol. 98, No. 24 (Dec. 13, 1913), p. 1117. By "adaptation of
methods" the writer referred to the use of inclined, auxiliary tripod legs to
support the casing (drivepipe) at the desired slope. Added experience and skill
appear to have been the important factors in Increasing the drilling rate.
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underground driller make comparison of footage rates in surface and un-
derground drilling of doubtful use. Thus in this discussion camparisons
of footage rates in underground drilling and in surface work are pre-
sented separately. Surface drilling is further divided into (1) surface
drilling at mines and general quarries, and (2) drilling and cutting at
dimension-stone quarries. The latter uses relatively precise techniques
and practices which differ notably from those of general guarries and

open-cast mines which chiefly seek mass fragmentation at low cost.

The discussion of drilling rates at mines and general quarries is dif-
ferentiated as to prospect drilling and blasthole drilling. Footage
rates shown for blasthole drilling are supplemented by a rough caomparison
of different machines as to the volume of hole drilled, a somewhat better

indicator of performance per driller-time unit.

Finally it is important to note that although a large volume of data
is available on drilling speeds .it is not suitable to the preparation
of averages or conventional statistical indicators of trends. It is
possible, however, to review the extensive literature on drill speeds
and to derive qualitative judgments, supported by examples that avoid
extreme conditions, regarding the general trends for different types
of drilling equipment. The conclusions presented herein represent judg-
ments arrived at in this way by the authors.

Underground Drilling

Hand Drilling.- Holes were seldam bored over 3 to 4 feet deep by single-
jacking with hammer-and-steel and 6 to 8 feet by double-jacking. The
amount drilled per driller-shift®® ranged from about 2 to 10 feet, in
most instances falling between 3 and 5. It is believed that an approxi-
mate over-all average of 4 feet per driller-shift®7 was obtained with
hammer-and-steel for both single- and double-jacking.

Piston Drilling.— Drilling speeds also varied widely with the two-man
piston machine, ranging fram a low of 5 to 8 feet per machine-shift at
the Soudan iron mine to as much as 8o feet per machine-shift in the
medium-hard Mesabi ores. About 1910 when the piston drill had been im-
proved and was meeting competition from hammer drills, a good average
machine-shift output was 35 to 4o feet, with a range of about 20 to 60
feet. About this time also there was introduced the lighter one-man
piston drill that had a boring rate often nearly as high as its heavier
relative. Making allowance for many variable factors it appears that

350nless otherwise noted a shift is 8 hours; and the footage 1is that for a full
shift including all time losses.

Footnote 37 appears on following fage.
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122 ROCK DRILLING

roughly 4o feet per drill-shift or 20 feet per man-shift may be taken as
representative.®® This is about five times the hand-drilling rate.

Hammer Drilling .~ The hammer-type drills, including the drifter, stoper,
and jackhammer, rendered the piston machine virtually obsolete by about
1915. Not only were they much faster in drilling but also some models
were one-man machines. The drilling speeds of the three classes of ham-
mer drills are not exactly camparable because of differences in the ma-
chines and the inclination of the holes most suitable to each. The range
is fram about 20 feet in very hard ground to 120 or more in good drilling
ground. As a rule the stoper has given the greatest footage per man-
shift. Eighty feet per man-shift may be taken as an average, about four
times that with a piston drill and 20 times that of hand drilling.®®
37This average, of course, is much below the records made in surface hand—drilling
contests where the drilling conditions were far more favorable than those in mines.
Holes were drilled vertically downward, usually with water, in a homogeneous and
generally hard rock. The hammer and drills were of the best and the steel very
carefully forged and tempered and with small gage changes. The men, moreover, were
outstanding specimens of strength and skill and drilled for 15 minutes straight and

stopped. Nevertheless these records are particularly interesting as an indication
of the maximum possible rates of advance in hand work and are given as follows:

Time Inches

Year Place Driller Rock (minutes) drilled

Single-jacking
19038 Bisbee Gunnison granite 15 268
Not given Boulder Granite 10 18%

Double-jacking

1888
1901
1903
1803
1903
1903
1908
1909
1911

These records, with the exception of the 1909 record

Butte
Spokane
E1l Paso
Bisbee
Bisbee
Bisbee
Butte
But te
Hancock

Page, O'Neil
Bradshaw, Freethy
Tarr brothers
Chamberlain, Maka
Ross, Maka

Tarr, Malley
Bradshaw, McNichols
Pickens, Page

Kinsella, Mclean,
McCormack

Granite

Not given
Granite

Gunnison granite
Gunnison granite
Gunnison granite
Granite

Granite

Vermont granite

15
15
15
15
15
15

15
15

18
56
44
468
85
388
457
4AZ%
58%

on double-jacking, are from

Allen S. Park, "Super Hammermen," Compressed Air Magazine, Vol, 43, No. 1 (Jan.

1938), pp. 5508-7;

the data on

the double-jacking contest in Butte in 1908 are

from Engineering and Mining Jowrnal, Vol. LXXXVIII, No. 8 (Aug. 21, 1809), p. 379.

Page and 0'Nell, Ross and Maka,
in which the striking was done
entire period without a break.
water. For the 1911 three-man team M

McCormack turned.

and Tarr and Malley did "straightaway drilling",
by the first namec of each pair throughout the
Page and 0'Neil drilled dry; the others with

cLean and Kinsella did the striking and

38The rate of about 3 feet per man-shift obtained with the first drills employed in

the Hoosac Tunnel (1866) was about 15 percent le
Musconetcong Tunnel

The range was from a little over 2 to nearly

and helper.

39In Michigan copper mines in 1878 a contr
2 tons in 10 hours!
were easlily drilled per man-shift

working time and i1t was sald that with han

21% feet.

At

that

ed nearly 4 to 7 feet
So0ll about 4% to nearly 134 feet.
All machines had a runner

ss than by hand drilling. In the
(1873-74) where the rock was sald to be harder than in the
Hoosac the output was about 8 to 10 feet per man-shift.
machines were also in use in the Hoosac.
half the shift - under good conditi
3 feet per man-hour.

time Iimproved
During the drilling period - nearly one-
ons the drills averaged over 6 feet per hour or
In the Sutro tunnel driven to drain the Comstock lode in the
late seventies the heavy Burleigh drill progr

during the drilling period, and the lighter Inger

per hour

act stope miner produced a little less than
d drills 2 to 2% feet
(T. Egleston, "Copper Mining on Lake [Con.]
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Surface Drilling at Mines and General-Type Quarries

Notable progress has been made in the effectiveness of all types of
surface drills, but the effect upon driller output is not of the same
order in prospecting as in blasthole drilling. Because of inherent dif-
ferences in the kind of work done drill performance for each is con-
sidered separately.

Prospect Work.- Since the function of the prospecting drill is to pro-
cure an adequate and accurate sample of the rock or ore perforated, speed
of drilling is of secondary importance. Thus much of the working time
is given to the removal of the core or sludge, and actual drilling time
per shift is reduced. To prevent contamination of the sample, moreover,
casing must frequently be used and the hole started large enough for all
the strings of casing required to reach a predetermined depth with a hole
of useful size.#? Data on drilling speeds are sparser than for blasthole
work and the difficulty of making ccnpdrisons is greatly enhanced.

Nearly all prospecting from the surface is performed with either rotary
or percussive drills and there are but three types important in mining

or quarrying. These are the rotary diamond and calyx (including the

2% [¢on.] superior, " Transactions, 4.I.M.E., Vol. VI [187¢], p. 280). In 1931 In two
Michigan mines 20 to 26 tons were broken per 8-hour, one-man drill-shift and the
contract base for drilling at one of them was 35 to 50 feet per shift. The ratio
of hand to machine footage was then about 1 to 18 and, allowing for the longer day,
the tonnage ratlo was roughly 1 to 16 (Chas. F. Jackson and E. D. Gardner, Stoping
Methods and Costs [U. S. Dept. Int., Bur. Mines, Bull. No. 380, 1936], p. 67).

The steam piston drill was introduced in the Joplin district in the eightles.
About 1887 it was sald that ". . . . one steam drill, with two men handling it,
has done the work of ten men [hand workers] . . . . ." (Jno. N. Wilson, lLead and
Zinc Ore of Southwest Mo. Mines: Authenticated Statistics [Carthage, Mo.: Jasper
County Democrat], p. 12).

Comparing results obtained in Michigan in 1909 with piston drills and in 1929 with
hammer_drills, Ocha Potter (op. cit., D. 84) sald that n"the efficiency [of stope
miners], measured in tons per man per shift had increased over 200 per cent" and
that "their [drift miners!'] increased efficiency is 410 per cent."

Benjamin F. Tillson, "The Testing and Application of Hammer Drills," Transactions,
A.I.M.E., Vol. LI (1918), Dp. 256-9 gives the following data from stoping practice
at the mines of the New Jersey Zinc Co., Franklin Furnace, N. J. In hand work
with bit sizes graduated from 14 to 1% Inches 8 feet in three holes was a good
day!s work (10 hours) for two men. With the piston drill and bits from 2% to
1% inches in diameter 20 to 40 feet was common though sometimes 80 to 90 were
drilled. With one-man hammer drills using bits 1% to 1% inches in diameter 80 to
100 feet were good averages. In drifting and raising comparable results were
noted. With the reciprocating drill 18.4 man=hours were required per foot
of drift and only 5.3 with hammer drills (1913). In raising with the 2}-inch
plston drill it took 28.5 man-hours per foot (1908). In the same year the hammer
drill was put to use and the time dropped to 13.3 man-hours. With the development
of the stoper came further great reductions in time; in 1910 the man=hours per
foot were 7.8, and in 1912, only 4.8.

In South Africa in 1912 it was shown that with the 23- and 3%-inch piston drills
the tonnage output was respectively 9.7 and 10.8 times that of "hammer boys."
("Machine Drilling at the Robinson Deep," Engineering and Mining Journal, Vol. 94,
No. 11 [Sept. 14, 1912], p. 498.) A recent report sald "a modern mechanical
rock=drill requires only one man for its operation and will put in . . . . what 1is
equivalent to the labours of from 30 to 45 men. A direct comparison 1s offered by
Rhodesian mines, where both hand and machine methods are in use. A kaffir t'boy!
with a single-hand hammer can pound a 2-% ft. hole in quartz in a shift. The
same workman will drill 30 holes, each 4 ft. to 5 ft. deep, with a jackhammer."
("Rock Drill Efficiencies and Reduced Drilling Costs," The South African Mining
and Engineering Journal, Vol. XLIX, pt. II, No. 2384 [oct. 8, 1938], p. 168.)

40Ac the Utah Copper Mine a churn-drill hole 1,489 feet deep was started with a
23-inch-diameter bit in order to bottom at about 8 inches. The average speed was
only 3.23 feet per day.
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124 ROCK DRILLING

shot) drills and the percussive churn drill, each of which has a special
sphere of use in prospect drilling.

The Diamond Drill.- The early diamond drill was a crude machine
but was said to have been successful in drilling a hole about 130 feet
deep in the Michigan iron-mining area about 1869. In other tests, how-
ever, the greatest depth attained was only 96 feet, the drill did not
perform well, and bits were lost in two holes. An observer remarked
further that since it was a steam machine the drill had to be used near
a town and could not be taken into the "woods."*! The advance per drill-
shift with the early diamond drill was undoubtedly low and its useful-
ness very limited. Within a few years, however, it was being used to
drill holes 400 to 1,100 or more feet and speeds of about 1 to 2 feet per
drill-hour were reported.

The introduction of a swivel head that could be swung out of the way
when the rods were hoisted or lowered, the inclusion of a hoist inte—
grated with the machine, the adoption of the double-tube core barrel, and
the application of the hydraulic feed further raised drilling rates.
There also was a pronounced improvement in the quality of the drill rods
and accessories as well as minor changes in bits, and the development
of a highly skilled class of drill runners. Such improvements have con-
tinued to the present.

For the usual type of holes the standard crew consisted of a runner
and helper, and used the part-time services of a bit setter.%2 More
recently the use of factory-set bits has partly displaced the bit setter.
For short-hole work both underground and surface mobile one-man diamond
drills are now extensively employed.

Significant-progress has also been made in increasing the depth drilled.
Holes over 5,000 feet deep are not uncommon and have exceeded 10,000 feet.
For such work the drill crew is large and over-all speeds low, since much
of the working time is spent in hoisting and lowering the rods.*® Here,
however, the economic value of a sample obtained either in advance of ex-—
pensive mine development or from depths not as yet reached in the exploita-
tion of ore deposits counterbalances the low footage advance per shift.

The Calyx and Shot Drills.— The calyx machine has not been widely
applied principally because it is most useful in soft rocks and uncon-
solidated strata. The shot drill will penetrate harder rocks than the

41Brooks, op. cit., p. 204.
4

Occasionally in early prospect work three men were employed at the drill
Cf. Louls A. Riley, "Costs and Results of Geological Explorations With the Diamond

Drill in the Anthracite Regions of Pennsylvania, " Transactions, 4.I.M.E., Vol. Vs
p. 304.

43
111§ South Africa, at a vertical depth of 8,000 feet, the round-trip time was
ours.
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OUTPUT PER MAN 125

regular calyx, but its effectiveness is low in such workings.** For
about 10 to 15 years after it was introduced the shot drill attained
popularity as a substitute for the diamond drill, primarily because the
cost of carbons had risen so greatly. In general it has not been widely
employed but its recent use for boring large-diameter holes for purposes
other than exploration or blasting is of conmsiderable interest.

The shot drill, used underground as early as 1910 to bore 20-inch holes
about so feet deep for ventilation and for ore chutes,%® is not well-
suited to routine work below ground because it required much headroom
and a good deal of ‘time was needed for erection and dismantling. Never-
theless it has been advantageously employed under the extreme temper-
ature and humidity conditions found in new, low-level development of
some deep mines, as in Butte. Between 1936 and 1938, six 36-inch holes
averaging about 106 feet in depth were drilled between the 3,600- and
u,100-foot levels of one mine to provide a primary ventilation circuit.*®
In medium-hard rock where conditions were said to be "average" the net
speed while actually drilling was close to 5 inches per man-hour or about
10 inches per machine-hour; the over-all speed for the entire drilling
period, however, was about 1 inch per man-hour. Hoisting and lowering
the bit, pumping, and core removal (largely hand mucking) took more than
twice as long as drilling; a large portion of time was also spent in

cementing caving walls.

The application of the shot drill in investigating rock conditions
at dam sites by TVA represents a use that is more closely akin to pros-—
pecting. At Norris Dam about 1934, 651 feet of 36-inch holes were bored
in limestones to an average depth of about 34 feet; at the proposed sites
of four other dams on the Tennessee River 30- to go-inch holes were sunk
to depths of about 70 feet. In the soft rocks a speed up to 3 feet per
hour was attained but in hard rocks it dropped to a few inches per hour.
The average speeds were 6 to g feet per drill-shift. Under similar con-
ditions the 2-inch core drill also used bored 30 to so feet.?’ Although
speed of advance was much slower than with the small core drill, the

44In 1900 the shot drill was tried in the Southeastern Missouri lead district;
about 1904-6 at the Ray copper mine in Arizona; in Minnesota iron mines and in
the Tri-State zinc areas in 1911 and 1915. Although encouraging results were
reported to have been obtained the churn or diamond drills continued to be pre-
ferred in all the districts named. 2

45"Use of the Terry Core Drill in Mine Operations," Engineering and Mining Journal,
Vol. 89, No. 23 (June 4, 1910), p. 1156.

48yichael . Tierney, "The Calyx Core Drill, " Mining Congress Journal, Vol. 24,
No. 11 (Nov. 1938), pp. 14-9.

47”Safeguarding Norris Dam Foundatlons," Compressed Air Magazine, Vol. 39, No. 8
(Aug. 1934), pp. 4501-5. See also Barton M. Jones, "Core Drilling for Visual
Examination of Foundation Material," Transactions of the Fhird World Power Con-
ference (1938) (Washington, D. C.: 1938), I, 225-6 and Berlen C. Moneymaker and
Portland P. Fox, "Large-Diameter Core Drill for Geologic Exploration," Mining
Technology, Vol. 2, No. 6 (Nov. 1938), A.I.M.E. Tech. Pub. No. 1000, pp. 3~12.
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126 ROCK DRILLING

advantage of being able to directly inspect the foundation-supporting
strata in place far outweighed considerations of speed.

A development that may have a great influence upon the future opening
of mines is the shaft-size shot drill described on pages 65-6. Although
such drills are not used for prospecting, data on their performance can
be given advantageously at this point. In 1935-36 a s-foot hole to
be used as an operating shaft was sunk to a depth of 1,125 feet at a
California gold mine*® and in 1938 a sé—foot ventilation shaft was bored
about 1,200 feet for an iron mine at Ely, Minn. At both shafts the oper—
ating crew of the large borer consisted of two men but additional labor
is required when hoisting the apparatus or removing core, so that about
eight man-shifts were employed per 24-hour day. In California the record
for a continuous run was 21 feet in 3 days or 2.3 feet per machine-shift
and the best day's run was 10 feet. Before the Minnesota, job was under-
taken the machine was rebuilt and powered with a 100-horsepower motor in
place of the earlier yo-horsepower motor; weight and peripheral speed
were increased, and a separate core lifter added. With a nucleus of
skilled men from California operating the modified drill a 208-foot ad-
vance was made in one uninterrupted 21-day run,*® or about 3.3 feet per
drill-shift. In California the work and machine were of an experimental
nature and the higher speed and larger diameter achieved in Minnesota was
a sizable increase in man-shift output. The advantages of a smooth-
walled circular opening over the common rough rectangular one, the ability
to sink the shaft at least 1,200 feet without interruption for cutting
intermediate stations, and the greater safety of drilling were additional
considerations in a comparison with conventional shaftFSinking.

The Churn Drill.- Since the first decade of the present century, the
churn drill has been widely used as an alternative to the diamond drill
for certain types of work. The diamond drill provides but a small core
and core recovery may be so little that the principal reliance must be
placed upon sludge; since the hole is small and a continuous current of
water is required, the collection of a good sample and the correlation
of core and sludge are rather difficult. In ground that stands reason-
ably well and is not too hard the churn drill is very satisfactory for
sampling and delineating ore bodies. It works by percussion, and samples
are in the form of sludge only. The sample obtained by the usual churn
48

J. B. Newsom and C. F. Jackson, Shaft Sinking With a Shot Drill, Idaho Maryland

Mine, Grass Valley, Calif. (U. 8. Dept. Int., Bur. Mines, Inf. Cir. No. 6923,
mimeo., Oct. 1936).

49, S. Richards, "Sinking a Ventilation Bore Hole in Minnesota, " Nining Congress
Journal, Vol. 24, No. 10 (Oct. 1938), pp. 28-31. The best month's record in
California was 147.5 feet; in Minnesota during July 1938, 240 feet were sunk.
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drill is about six times that of the largest and roughly 25 times that of
the average diamond-drill hole. Collecting the sample is also somewhat
simpler as no more water is used than is needed for effective drilling.

The early extensive use of a power churn drill for prospecting and
exploration accompanied the opening of the Mesabi iron range. The type
used was an adaptation of the jetting outfit developed about 1884 for
water-well boring in unconsolidated deposits.®® It was quite satisfac-
tory in soft and loose overburden and ore but unsuitable for hard rock.
A diamond drill was then added, and the composite outfit became known as
the Mesabi rig. When it was first used the rate of progress was about
6 feet per drill-shift, or even slower than hand work in shallow test
pits.®! There was virtually no change in the outfit itself during the
period of its widest use,®® and the higher drilling speeds recorded were
due largely to increased crew skill. Van Barneveld reported that a good
average speed was 8 to 10 feet per drill-shift (combined churn and dia-
mond drilling) including moving and all delays. This was about 3 feet
per man-shift, with a range of 1 to 7.°°

Another form of churn drill known as the self-cleaning rod type was
also used, and about 1914 a modification was introduced which employed
larger rods and an annular saw-tooth bit that permitted the recovery of
larger fragments than the ordinary drill. It was of special value in
sampling the Western Mesabi wash ores and, as less work was expended in
crushing the sample so that it might pass through the hollow rods, drill-
ing speed was somewhat increased. The introduction of the standard churn
drill in the Lake Superior region in 1912 also acted to increase drill

speed per man-shift, since only two men were required instead of three

as with the Mesabi outfit.%*

Churn drills have also been used in prospecting for ores other than
iron. About 1898 they were employed in the Joplin (Mo.) zinc-lead dis-
trict; in 1900 they were tried as a substitute for the diamond drill

5OIsaiah Bowman, Well-Drilling Methods (U. S. Dept. Int., Geological Survey,
Water-Supply Paper No. 257, 1911), p. 26.

51Cf. J. Parke Channing, "Lake Superior Iron Ore," Mineral Industry: 1894 (New
York: The Scientific Publishing Co., 1895), III, p. 402.

521n 1903 there were over 250 such outfits on the Mesabl; roughly 60 percent of
the work was done with the churn drill and 40 percent with the diamond drill.
The drill crews averaged three men; additional labor was required for sampling,
surveying, and other work. In 1911 there were about 400 outfits at work in the
Lake Superior district. The drilling usually was done by contractors.

53Charles E. van Barneveld, Iron Mining in Minnesota (Univ. of Minn., School of
Mines Expt. Sta., Bull. No. 1, 1912), p. 33. Kirby Thomas, "Test Drilling on the
Mesabi Iron Range," Engineering and Mining Journal, Vol. LXXV, No. 24 (June 13,
1903), p. 896, said that the churn drill would make 10 to 20 feet per day and the
diamond drill would drill 5 feet in hard rock.

54The standard churn drill was introduced on the Cuyuna Range in 1913. When first
used it was claimed to have drilled 140 feet in 48 hours or more than three times
the speed of the Mesabi churn as reported by van Barneveld.
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128 ROCK DRILLING

in the southeastern Missouri lead area and were used in alluvial-gold
prospecting in California; about 1904 they were used for holes 500 to
600 feet deep at a South Carolina gold mine.

Churn drilling is the best method of sampling placer ground by drill-
ing. The use of the drill for this purpose over an extended period has
been accompanied by a so-percent reduction in drilling labor, since many
of the machines used only one man. Cutting speeds have also increased
and it appears that there has been an over-all advance of about 150 per—
cent in driller output in alluvial prospecting.

The use of churn—drill sampling as the principal basis of estimating
the extent and assay value of an ore deposit was commenced in 1908 at Ray
Consolidated Copper Co. mine®® and the satisfactory results obtained led
10 an expansion of prospect churn drilling' in the western disseminated
copper-ore deposits. The average speed for two steam traction drills
over a 10-month period in 1912 at Chino was 1.03 feet per hour of total
time. Starting bits generally were 8 inches and the holes were about
500 feet deep.®® The progress made in two deep holes sunk by steam and
gasoline drills in 1930 was reported by H. A. Thorne. The holes were
started with 13-inch bits and carried to depths of 945 and 965 feet.
The time spent in casing was the same for both holes, and it may be as-
sumed that drilling conditions were essentially alike. The speed of the
gasoline-driven drill, excluding moving and casing time, was nearly
38 percent higher than that of the older steam-driven drill. The drill-
ing rate was nearly 1 foot per hour, almost that attained in 1912, de-
spite the fact that the later holes were much larger and nearly twice
as deep as the earlier ones.5”

Important increases in footage attained per driller-shift have been
noted in prospect drilling with churn drills in the Wisconsin and Tri-
State zinc fields. On the whole, as the holes were smaller and shallower
than in copper prospecting and the ground was more easily penetrated, the
usual speeds were higher. In 1906 in Wisconsin about 20 feet per day
were churn drilled with a 33-inch bit in hard rock.58 The gasoline-driven

S qdw1n Hlggins, "Copper Deposits of Globe-Kelvin District - III," Engineering and
Mining Journal, Vol. 89, No. 17 (Apr. 23, 1910), pp. 870-4. At Utah and Nevada
CODDEr mines some prospect work was done with churn drills in 1908-7.

56Donald F. MacDonald and Charles Enzian, Prosﬁecting and Mining of Copper Ore
at Santa Rita, New Mexico (U. S. Dept. Int., Bur. Mines, Bull. No. 107, 1918),
pp. 10, 14.

57H. A. Thorne, Mining Practice at the Chino Mines, Nevada Consolidated Copper Co.,
Santa Rita, ¥. Mex. (U. S. Dept. Com., Bur. Mines Inf. Cir. No. 6412, mimeo.,
1931), pp. 68-8. It is suggested by Thorne that the earlier holes were sunk by
"spudding" (drilling with the tool string disconnected from the walking beam), and
Ehilffep ones using the walking beam. Spudd ing usually results in much faster
dr ng.

58w. F. Boericke and T. H. Garnett, "The Wisconsin Zinc District," Transactions,
A.I.M.E., Vol. IXIII (1920), p. 226.
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drill was introduced about 1913, and it was reported that a fair daily
average for it or the steam drill was about 24 feet. Although the steam
drill was still considered sturdier and more reliable it required two
men for operation; the gasoline drill needed only one man, although
a helper was generally present to assist in removing sludge and to dress
bits. About 1919, with 4%—inch bits speeds of 35 to 4o feet per day were
common. This gain of roughly 100 percent in speed per machine-shift was
attributed to the use of more powerful drills with longer and heavier
tool strings.

About 1900, most prospect holes in the Tri-State zinc-lead mining dis-
trict were put down with traction steam churn drills. The standard bit

was 5% inches, though holes occasionally were started at 8 inches to
allow for a short piece of casing. Reported drill speeds were as low as
1 foot per hour in hard, tough chert and ranged up to 3 feet in ordinary
soft limestones. An average performance was between 100 and 200 feet for
six 10-hour days,®° or about 2.5 feet per hour. The current drilling
rate with modern machines that use wire instead of manila rope is about
y feet per hour with 6%~inch bits,®9 an indicated rise in machine output
of about 60 percent. Average depth of hole has just about doubled; in
1900, most holes were 150 to 250 feet deep and are now often up to 400.

In prospect churn drilling there has been an increase in footage per
driller-shift from about 35 to 100 percent or more for different types
of operations. This conclusion probably errs on the conservative side,
for it has been assumed that the drill crew (samplers excluded) con-—
sisted of two men throughout the period under review. Tool dressing
is now often done with mechanical sharpeners at a central shop, some
drills are run by one man, and the much higher mobility of the modern
truck- or caterpillar-mounted drill has greatly shortened the time used
in moving.®! Although over-all data are lacking, the gemeralization
seems justified that output per driller in churn-drill prospecting has
increased approximately %5 percent in the past 35 years.

Blasthole Drilling.— The machines used for blasthole work are of such
widely different character and capacities that footage alone does not
seem an adequate indicator of changing output per man. As the work per-
formed in drilling varies directly with the volume of hole produced the

59Harold A. Titcomb, "Cost of Prospecting by Drilling in Joplin District," Engi-
neering and Mining Journal, Vol. IXIX, No. 14 (Apr. 7, 1900), p. 405.

60C. W. Nicolson, "Recent Improvements in the Mining Practice of the Tri-State
District," Mineral Technology, Vol. 2, No. 3 (May 1938), A.I.M.E. Tech. Pub.
No. 905, p. 3.

61Tit,comb (loc. cit.) stated that to move a nontraction drill a quarter mile and
set 1t up took 2% to 5 hours with the aid of four to six horses. Under like
topographic conditions such a move with a modern machine would be a matter of
minutes and would be accomplished without extra help.
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130 ROCK DRILLING

hole volume made per driller-time unit may be said to reflect more pre-
cisely the driller's capacity to produce.®? 1In addition to data on
footage drilled, therefore, the various drills used for blastholes are
compared on the basis of volume of hole achieved per driller-shift.

Hand Drilling.- Footage drilled per man-shift with hammer-and-steel
was usually higher on the surface than underground largely because on the
surface most holes were drilled downward, working conditions were better
by daylight, and the effective shift was longer. Average advances in
surface work were also faster to some extent because of the large amount
of drilling in the softer rocks such as limestone; there is, however, the
offsetting factor of depth of hole, which generally was greater on the
surface than underground. The speed varied roughly from 1% to 20 feet
per man-shift. The least progress was made in deep holes with a large
bit in hard rock and the greatest progress in the small and shallow
block-holes in soft rock. It is believed that 5 feet per man-shift was
average performance for hand drilling on the surface.

Piston Drilling.- On the surface the usual holes drilled by the
piston drill were two to three times the depth of those common under—
ground. This tended to increase speed because a larger part of the shift
was spent in drilling and less in moving and setting up the machine.
Counterbalancing factors were larger hole diameter and slower advance
with increased depth, so that under like conditions piston drilling on
the surface was but little faster than underground. On the other hand
the piston drill was used much more widely in crushed-stone quarrying,
where about three-quarters of the production was limestone and where
drilling progress was greater than in open-cut metal mines; estimated
average speed should be correspondingly weighted. Some typical speeds
ranged from about 13 feet per hour in hardcapping at United Verde and in
some trap-rock quarries, to 10 feet and over per hour in limestone and
other soft rocks. A rough average would be slightly more than 6 feet per
hour or about 50 feet per drill-shift and 25 feet per man-shift.

Thus, with the piston machine a driller averaged about five times the
footage with hammer-and-steel. But, as shown in table 7, the machine
holes were about twice the diameter of those hand drilled and the volume
of hole excavated per man was about 20 times as great. Judged by this

S‘Alnhough the theoretical relationship of hole volume and tonnage broken may not
hold exactly, in good practice the deviation would not be great and the volume
Of hole bored per drilling-shift may be assumed to represent approximately the
driller's productivity. Thoenen, in summarizing drilling data from some trap-rock
quarries, pointed out that the tonnage broken per cubic foot of hole for 2-inch and
8.7-1nch holes was nearly the same. Cf. J. R. Thoenen, Study of Quarry Costs:
frap Rock, Sandstone, Granite (U. S. Dept. Com., Bur. Mines, Inf. Cir. ;%. 6291,
mimeo., June 1930), p. 10.
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OUTPUT PER MAN 131

standard the machine driller's productivity in surface work was therefore
about 20 times that of the manual worker.

Hammer Drilling.- The jackhammer achieves a wide range of speeds not
only because of differing characteristics of rocks penetrated but also
because it is used for both primary and secondary drilling and often pro-
duces 50 to 100 percent more footage in the latter. As is true of other
drills it usually accomplishes more in surface work than underground, and
100 feet per shift may be taken for an average. For ordinary blastholes
that not infrequently are 20 or more feet deep an average diameter would
be about 1% inches. OQOutput per driller-shift measured in hole volume
would be about 45 times that of the hand driller (see table 7).

The drifter is used widely in open—cut work and the greater part of
its drilling is in toe holes or approximately horizontal holes about the
same diameter as the usual piston-drill hole but somewhat deeper. The
speed of drilling ranges from about 2 to 4 feet per drill-hour in hard,
dense trap rocks difficult to drill, to about 20 feet in limestones.
An average speed is estimated to be about 100 feet per drill-shift or
50 feet per man-shift. This is about double the productivity of piston
drilling®® and about 40 times that of hand work.

The ﬁodern derrick-mounted drifter is by far the speediest of all
drills and can readily drill to about three times the depth of the usual
piston—drill holes and to about twice the ordinary depth of drifter—-drill
holes. Because of greater depth range the holes are somewhét larger and

are taken to be about 50 percent greater in cross section than those of
the piston drill. These machines are now usually served by one man,
though quite often one helper may be assigned to two drills; one and one-
half men per drill is considered the average labor requirement. A speed
of 25 feet®* per drill-hour is taken to be the average performance. One
man with a derrick-mounted drifter would accomplish about as much meas-
ured by volume as 167 hand drillers or more than eight times as much as
with a piston drill.

Churn Drilling.- Unlike the drills previously discussed the churn
drill bores only vertical down-holes. The holes are as a rule much larger
and deeper than those of other machines and the cutting rate is therefore

63Cases have been noted where the ratlio was nearly 4 to 1 while in others little
difference In speeds was reported. The figure given above appears representative
but probably is conservative.

64Remarkable speeds have been reported. One man with a caterpillar-mounted rig
averaged 59.6 feet per hour in soft sandstone and shale and had previously drilled
73 10-foot holes in 10 hours. Later with higher air pressure he succeeded in
drilling up to 900 feet in 10 hours. The contractor stated that it would have
taken five to six jackhammers to do the same amount of work. See "Tractor Mounted
Drill Speeds Reservolr Excavation, " Compressed 4ir Magazine, Vol. 39, No. 7
(July 1934), p. 4484.
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132 ROCK DRILLING

slower. The usual churn—drill bits are 4 to 8 inches in diameter, with
52 to 63 inches the most common. Recently the g-inch size has attained
some popularity for blastholes shot without chambering, and the power—
ful machines that use such bits with very heavy tool strings have shown
drilling speeds as high as those reached under favorable conditions with
smaller bits.®® Some of the later models are operated by one man, and
with the variations in rock characteristics and the above differences
in practice, drilling speeds range from a few inches to 12 feet or more
per man-hour. An average speed is between 4 and s feet per drill-hour
or about 36 feet per machine-shift. With an assumed average 6-inch hole
diameter and a two-man drill the output per driller-shift measured in
hole volume would be about 130 times that with the hand drill, about
63 times that with the piston, and 33 times that with the drifter. 86

Table 7.- RELATIVE OUTPUT PER DRILLER-SHIFT
IN BLASTHOLE DRILLING IN OPEN-CUT WORKINGS
AS MEASURED BY VOLUME OF HOLE

Relative
output per
driller-shift

lAssumed\

Assumed : ‘average‘
average Relat;ve(advanceigelative
hole cross-— | volume

sectional] e | of hole

Men
i per n

(3 area | 2 \2‘x(3)i arill | volume In‘terms

(inches) 1 | | hole of hand
|
T
|
|

diameter

+(5)|drilling

(7

Jackhammer

Churn |
|
Derrick-mounted

drifter

Summary of Surface Blasthole Drilling Rates.- As already noted the
comparison of unit output for widely different types of blasthole drills
used in surface work presents a difficult problem. It has been assumed,
however, that a rough measure of driller output with different equipment
used in surface work is the volume of hole bored per driller-shift. The

So?or example, at the Nevada Consolidated Copper Co. Mine a 6-inch electric drill

advanced 84 feet in 8 hours and at the new open-cut of the Phelps Dodge Corp. at
Morencl, Ariz., 100 feet of 9-inch hole were drilled in the same time.

66At the time the heavy hammer and churn drills were successfully replacing the
piston drill in quarries it was sald that "the churn drill has the advantage of
doing the work of four or five tripods [piszon} or hammer drills with no greater
labor than 1s required for a single tripod." Cf. Oliver Bowles, Labor Saving at
Limestone Quarries (U. S. Dept. Int., Bur. Mines, Tech. Paper No. 203, 1918), p. 14.
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accompanying table presents a comparison prepared on this basis and sum—
marizes the tremendous increase in output per man that power drilling has
made possible.

Drilling and Cutting at Dimension-Stone Quarries

The methods employed in quarrying dimension stone involve the cutting
of a channel on one or more sides of a block or the use of many rather
closely spaced drill holes, wedging, light shooting, or a combination of
these methods. To effect separation of the blocks, drills (except the
churn), and special machines — the various chamnelers and the wire saw -
are used, and several types are found in most quarries. The volume of
drilling or cutting labor required per umit of product is
times higher than in open-cast mines and gemeral quarries.

The unit of product in dimension-stome quarrying is usually a cubic
foot of marketable stone but it is affected by so many variable
that it has not been thought useful as a measure of drilling and cuttin
progress. The amount of drilling required per cubic foot of mar

block lifted from the quarry or handled in the dressing plant, and par-

widely. Bowles says: "It is

the rock stripped and blocked

output per man in drilling at dimension-stome gu
in terms of footage drilled, and for the track ch:

re feet of groove or cut.

e i

2emEin Al

|
i

i

i

}
|
{ |

g

!

i

£

5%

1

i
|
R
il

i
g

g

!

i

:

i

'g

i I i B cngmrr i

iR e R

T S G it

e P S R R e

B i vivahne

Ly




i
!
[
|
;g:
|
|
i@
|
:
%

e =

134 ROCK DRILLING

times and probably about four times that of hand work, assuming labor
accounts for nearly all the cost of hand drilling and probably not over
70 percent of the cost of machine drilling.

In the plug-and-feather holes drilling rates were very much higher than
for moderately deep holes. Gillette estimated that in splitting granite
a good workman could hand drill about 20 feet of 5- X 2i-inch hole in
8 hours.%® With the nonrotating plug drill three to four times as much
footage was bored. The jackhammer has been used in drilling "foot-holes"
1 to 2 feet long, as well as relatively deep holes. Much dry drilling
has been done with this machine, and the speeds are somewhat lower than
with wet drilling, ranging fram about 7s feet per shift in granite up to
about 250 feet in some limestones. The average footage with the jack-
hammer was about 20 times that with hammer-and-steel.?°

The quarry-bar largely displaced the tripod mounting and effected
thereby a considerable advance in drilling, for within the bar length -
generally about 10 to 12 feet - the drill could be shifted to a new po—
sition in a minute or less compared with a minimum of s minutes for the

71 Tn short-hole work such a saving would easily double

tripod mounting.
the over-all drilling rate. With the quarry-bar it also became possible
to cut channels in the hard rocks like granite by broaching. Although
this was a slow process it could hardly be accomplished by hand. It
was reported that 15 to 20 square feet per shift could be channeled in
granite; with the ordinary spacing of holes and a 6-foot channel, this
would have required over so feet of hole and about as many linear feet of
broaching. All in all the piston bar—channeler performed at least double
the work that was done with the tripod-mounted piston drill, and about
8 to 10 times that of the hand driller.

The gadder too was an important labor-saving device. It was used prin-
cipally to bore horizontal holes in vertical or inclined rows and had at
least the same efficiency relative to hand work as the tripod-mounted
drill.

The drifter drill has generally superseded the piston machine im its
various applications. Its drilling speed is double that of the two-man

piston machine and as it is now ordinarily a one-man drill, the runmmer

89%111ette, op. cit., p.

"
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would have a productivity equal to that of about 20 hand workers. The
automatic air-feed drifter which cuts even faster than the hand—crank—fed
hammer machine is now employed in some quarries.

Channeling Machine .- The power track-channeler that came into use a few
years before the piston rock drill represented a major labor-saving im-
provement. Before 1890 a single-gang machine of the earlier type with
iwo men was said to cut 40 to 8o square feet per day in marble or lime-

stone, and the double-gang machine with three men twice as much. In 1891
Merrill reported that "a good workman by the old hand process would form-
erly cut from s to 10 feet; that is, a groove 1 foot deep and from 5 to
10 feet long per day."”’® The hand-channeling rates quoted by Merrill

appear high when compared with hand-drilling speed. They were probably
based on a 12-hour day then not uncommon. In 1884 F. W. Sperr’® reported
3 square feet as an ordinary day's work in Vermont marble. For compara-
tive purposes 5 square feet per man-day has been taken as average. It
should be noted that with hand work only shallow grooves were cut but
with the machines cuts 12 feet deep could be made. With the earlier
single-gang gravity-type channeler average output per man was about six
times that of hand work; for the double-gang machine it was roughly eight
times that of hand labor.74

The direct-acting type of channeler that became important about 1885
had a capacity about double that of the earlier machine.”® This two-man
steam machine cut in marble 6 to 1s square feet per hour and averaged
about 8.s. In moderately hard limestones, the rate was much faster.”8
The modern electric and electric air-channelers average about 10 square
feet per hour and are usually run by one man although considerable extra
labor is needed for moving. Generalizing where conditions vary widely,

72@eorge P. Merrill, Stones for Building and Decoration (New York: John Wiley &

Sons, 1891), p. 338.

73Tenth Census of the United States: 1880, Vol. X, "Special Reports on Petroleum,
Coke, and Building Stones" (U. S. Dept. Int., Census Office, 1884), "Building
Stones of the United States," p. 36.

74These seem to be conservative estimates for it was claimed that an early,
double-gang Wardwell channeler which could cut up to 8 feet deep could do the work
of 40 men. See "Improved Stone Quarrying Machine," American Journal of Mining,
Vol. I, No. 4 (Apr. 21, 1866), D. 48. In 1889 1t was claimed that the three-man,
double-gang machine would channel 75 to 150 square feet in marble and 150 to 400
in limestone and sandstone, "which is equivalent to the work of fifty men" and
that 1ts use had reduced the cost of block stone by nearly one-half. See "The
Wardwell Stone Channeling and Quarrying Machine," Engineering and Nining Journal,
Vol. XLVII, No. 22 (June 1, 1888), p. 500.

7Merrill, op. cit., pp. 337-6.

On the Chicago Drainage Canal (18983), 12- to 15-foot cuts were made in irregular
hard and sometimes flinty limestones. An average speed of 121 square feet per
10-hour day and a maximum of 300 square feet were attained. Cf. "Chicago Main
Dralnage Channel - XV," Engineering News and American Railuay Journal, Vol. XXXIV,
No. 9 (Aug. 29, 1895), pp. 133-4. In soft limestone at a Middle Western quarry
records of 400 square feet in 5 hours and 750 square feet in 10 hours in cuts 8 to
12 feet deep have been reported. See Samuel Calvin, "The Cedar Valley Quarry,"
Engineering and Mining Journal, Vol. LXI, No. 23 (June 6, 1896), p. 544.
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136 ROCK DRILLING

it is believed that the productivity per man-shift with the direct-acting
channeler has been not less than double that of the early machine de-
scribed in the preceding paragraph.

Wire Saw.- Where suitable the wire saw has proved many times more pro-
ductive than the channeler and its use has increased notably in the past
decade and a half. For many years the removal of the primary blocks was
entirely a hand operation involving much drilling and light shooting,
with consequent enormous waste. Both the bar- and track-type channelers
were great improvements, but the "stunning" effect of the percussive
cutting caused excessive waste. That source of loss has been eliminated
by the wire saw and a further gain made in that the kerf is little more
than one-quarter inch compared with about 2 inches for the channeler.??

The first tests of the wire saw in slate quarrying were made under
unfavorable conditions and the saw cut less than 10 square feet per hour.
After some experience the rate rose to 12.8 square feet with a maximum
of 20. In "hard-vein" slate too hard for channeling, 11.4 square feet
per hour was reached. By the end of 1928, when 2% saws were in use, the
average hourly rate was 20 to 25 square feet, with a maximum of 3y.78
Bowles cited cases where the output of the wire saw was about four to
five times that of the channeler; and since fewer men were required to
run the saw and do the necessary shot-drill hole boring the productivity
was about six times that with the channeler. At one quarry the rate of
cutting with a saw was reported to be about 235 square feet per hour and
that of the channeler about 4 square feet. The channeler, however, was
a two-man machine, and a blacksmith and helper were constantly employed
to sharpen bits for six channelers. Two men handled two wire saws and
did the necessary core drilling and no blacksmithing was required. Thus
the output per man with the wire saw was more than 12 times that with
a channeler.”°

The pronounced success of the wire saw in slate quarries led to appli-
cations in the Indiana limestone region. Tests made in 1931 showed that
the use of the wire saw reduced losses which had been over 30 percent to
about 20 percent, a reduction of about one-third. Of about 1.5 million
cubic feet of limestone quarried by channeling only 1 million were sal-
able; that is, the direct and indirect losses attributable to channeling

and wedging amounted to 30.5 percent and use of the wire saw would cut

‘"Bowles (The Stone Industries, p. 260) says that "various operators estimate
a saving of 30 to 50 per cent."

7 4
’8011ver' Bowles, The Wire Saw in Slate Quarrying (U. S. Dept. Com., Bur. Mines,
Tech. Paper No. 469, 1830), pp. 15-6.

79 N ’ >
Ollver"BowLes, "The Wire Saw as a Tool for Cutting Slate and Building Stone,"
Transactions, A.I.N.E., Vol. 129 (1e38), pp. 56-8.
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the loss to 20 percent. Based on 1930 production it was equivalent to
a saving of $720,000 to the Indiana limestone producers.®°

Although the wire saw is being applied in marble and sandstone quarry-
ing, little information regarding performance is available. In a few
instances reported, the sawing rate in marble was about 3 to 10 square
feet per hour or roughly that of channeling. It is believed that the
future trend will be toward wider acceptance of the wire saw and that
higher output per man would follow this development.

The character of the data for dimension-stone quarrying permits only the
broadest generalizations concerning the effect of a changing drilling-
and cutting-machine technology upon output per man-shift. As already
noted, the power drill, which is employed in one form or another in
nearly all quarries, had an effect comparable to that in underground
mining. Comparisons of hand and machine channeling are difficult to make
since the same work could hardly be performed by hand, but the output of
channeled surface per man can be roughly estimated to be 15 times as
great with the direct-acting machine as by hand. Under suitable condi-
tions the wire saw was several times as productive as the channeler.

BOJ. B. Newsom, "Quarry Waste in the Indlana Limestone District," Transactions,
A.I.M.E., Vol. 102 (1932), p. 115.
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CHAPTER VI
ROCK-DRILLING PROGRESS AND EMPLOYMENT IN MINING

The adoption of and subsequent improvements in drilling machines and
techniques have been among the most important of the various types of
technological change in mining, and have been a major factor in the in-
creased production of minerals at relatively lower cost and in the in-—
creased productivity of mine labor.

In the latter half of the nineteenth century numerous efforts were made
by individual inventors and technicians to develop mechanical substitutes
for the arduous work of hand rock drilling which at all types of mines
and quarries consumed an enormous amount of labor time and bulked large
in the operating costs. Beginning with the introduction of the piston
drill about 1865, various new mechanical devices gave promise of reducing
the costs of breaking rock. However, the transition from hand to mechan—
ical drilling was a slow process. The success of early machines was
limited not only by the prevailing general level of machine technology
but also by a host of special problems inherent in underground work and
in the wide variety of resource conditions encountered in the extraction
of different minerals, at different operations, or even within a single
mine or quarry.

GENERAL CHARACTER OF TECHNOLOGICAL ADVANCE
IN ROCK DRILLING

The first important step in mechanization was the invention of the
piston drill and its adoption for underground work, but 20 years passed
before it came into wide use. General acceptance of other early ma-
chines, such as the diamond and churn drills for surface mining and pros-
pecting, also required long periods of time. But once the early machines
had been improved on the basis of experimentation and the advantages of
mechanization had been recognized, later power drills were more quickly
taken up and the use of drilling machines spread to all parts of the
mineral industry.

For over a quarter century the piston drill was the only drill used un—
derground, but it did not fully meet the requirements of mine work. The
invention of the drifter hammer drill, which replaced the piston drill,
was an important forward step. It separated the hammer from the piston
and allowed higher operating speeds and faster drilling. The stoper,
specially designed for up-hole work, and the jackhammer were also de-
veloped. The jackhammer proved to be the most flexible and adaptable of
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all drills for down-hole work, and its use spread to all branches of min-
ing and from underground workings to open-cut metal mines and quarries.
Other types of drills also began to be used: the diamond drill for
prospecting and for gadding and channeling in dimension-stone quarries,
the track- and bar-channelers and the wire saw also in dimension-stone
quarries, and the calyx drill for exploratory work and shaft-sinking.

The first mechanical drills were powered by steam, but compressed air
was available early and was generally utilized to run the drills. There
has been a constant tendency toward the use of higher air pressures as
the compressors were improved in design and capacity and sources of power
loss sought out and eliminated. The auger, the churn and calyx drills,
the track—channelers, and wire saw were adapted to motivation by electric-
ity, but compressed air remains much the most important source of power
for drilling or cutting and often is used even where other operations
have been electrified.

A1l the machines have advanced in design and construction. Valves,
feed and rotation mechanisms have been improved, cast-iron has been re-
placed by steel as a material for the manufacture of drills, and alloys

have been developed for use in the moving parts. Better methods of heat-
treating, hardening, and tempering steel have been evolved, usable hol-
low steels have been developed, advances have been made in sharpening,
designs and shapes of bits have been improved, and the detachable bit
has resulted in considerable saving of both labor time and drill steel.
Drills have been made lighter and easier to operate, and improved rigs,
mountings, and traction devices have made the drills easier to set up
and to move from one place to another. All these changes have resulted
in greater drilling efficiency and with it greater productivity of drill-
ing labor.

The advance of drilling technology has been conditioned by and in turn
has influenced developments in the other major mining operations such as
blasting, loading, and transporting ore. For example, in open-cut mining
the increased depth to which holes can practicably be drilled has made
possible the adoption of greater bench heights with consequent larger
individual blasts and less frequent interruptions of loading operationms,
while increased capacity of loading and hauling equipment has made pos-—
sible the handling of larger rock fragments so that fewer drill holes
are needed to shatter a given volume of overburden or ore. Thus changing
technology on other operations has served to increase the productivity
of drilling labor, and progress in drilling techniques has contributed
both directly and indirectly to the rising productivity of mine labor

in general.
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VOLUME OF EMPLOYMENT

The effect of technological progress in rock drilling upon the volume
of employment in mineral exploitation also camnot be readily disasso-
ciated from the effects of other closely related factors, and the trend
of employment in mining® is a net result of many econamic, technological,
and resource variables. The extent to which drilling progress may have
been important in determining the course of the trend can be Jjudged only
roughly and qualitatively. In view of the increased productivity and the
examples of large labor saving reported in previous chapters as accom-
panying the improvement of drilling techniques, this statement may appear
surprising at first glance. It was indicated, for example, that some
power drills could perform more than 150 times as much work as the manual
worker and that machines commonly and widely used could perform 20 to 40
times as much. Thus it would appear that, with a constant volume of pro-
duction and all other things remaining equal, the displacement of labor
would have been of high order. The facts are, however, that production
multiplied at a phenomenal rate, that other very important changes in
mining methods and techniques took place, and that part of the reduction
in labor requirements achieved by technical progress - including that in
drilling - was offset by increasing physical difficulties resulting fram
the peculiar depletive character of mining. These factors overshadowed
the effect of drilling progress upon employment during the larger part
of the past half century.

It is noteworthy that almost all the major types of mechanical rock
drills were invented and adopted before the World War (see tables 1 and 2)
and had been in use for a considerable period before over-all employment
in mining started to decline. From 1880 to 1909, when the basic changes
in rock drilling were made and major labor saving was achieved, mine
production expanded at such a remarkable rate that there was a net gain
in employment.?® From 1909 to 1919, the date of the next census, there
was only a small net change in over-all employment at mines and quarries.
Notable increases in production from 1919 to 1929 were accompanied by
declining employment, particularly in metal mining where the drilling
techniques discussed herein were of special importance. From 1929 to

1Gonera11:ation regarding proad changes in employment Is based on over-all data
available only for the decennial census periods; partial Information available from
other sources on an annual basis indicates that employment at mines and quarries
reached a peak in 1917 during the height of wartime demand. For a summary table
of decennial employment in mining see 0. E. Klessling and Others, Technolo, Y
Employment, and Output per Man in Petroleum and Natural-Gas Production (WPA
Naticnal Research Project in cooperation with U. 8. Department of the Interior,
Bureau of Mines, Report No. E-10, July 1939), p. 316.

F. G. Tryon, T. T. Read, and Others, Technology and the Mineral Industries (WPA
National Research Project in cooperation with U. S. Department of the Interior,
Bureau of Mines, Report No. E-1, Apr. 1637), chart 2, facing p. 4.
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1935 this tendency was even more pronounced and has been important both
for metals and industrial nonmetals.® Although the data collected by the
Censuses of Mines and Quarries on various occupations present many dif-
ficulties from a statistical viewpoint, they do provide broad landmarks
to show that the number of men employed underground either in drilling
or in occupations closely related to drilling reached a peak about 1909
for iron and the principal nonferrous metals and that the trend there-
after has been generally downward.*

Although labor saving achieved by continued advances in rock drilling
doubtless has been a factor in the general downward trend of mine em—
ployment since 1919, its influence in this respect has been relatively
small in comparison with other forces. Notable among these have been
the pronounced shift to open-cast mining, wherever this method could be
economically employed, and the rapid expansion of mechanical loading.®
Discussion of such major developments is beyond the scope of this report,
but it is appropriate to note that surface mining permitted major econ-
omies in unit labor requirements both in drilling and over-all mining
and that mechanical loading generally achieved significant labor savings
over hand methods.

The foregoing generalizations have been made with reference to drilling
in actual mining and do not include prospect drilling. Because data are
lacking, broad conclusions are not possible as to the effect of technical
progress in this field upon employment opportunities. Except for a few
short periods, however, total employment for prospect drilling has never
been great. Here too technical progress appreciably decreased man-hour
requirements per foot of hole, but this was offset in part, if not en-
tirely, by the larger volume of prospect drilling that could be done be-
cause of lower costs or that was made necessary by large-scale operations.
The economic significance of the art of subsurface exploratory boring
lies largely in the knowledge it furnishes of potential additions to our
mineral wealth rather than in the volume of employment it provides.

3Kiessling and Others, op. cit., p. 316

4The occupational classification considered in this generalization includes
men reported as "miners, drillers, and their helpers" by the Censuses of Mines
and Quarries. See Special Reports of the Census Office, "Mines and Quarriles:
1902" (U. S. Dept. Com. and Labor, Bur. Census, 1905), pp. 426, 463, 504-5, 584;
Thirteenth Census of the United States: 1910, Vol. XI, "Mines and Quarries: 1909"
(U. S. Dept. Com., Bur. Census, 1913), p. 29; and Fourteenth Census of the United
States: 1920, Vol. XI, "Mines and Quarries: 1919" (U. S. Dept. Com., Bur. Census
1922), p. 34. This comparison, of course, does not take into account the shift to
open-cut and caving methods of mining that affected the number of underground work-
ers after 1909. The nonferrous metals as included here are copper, lead, and zinc.

5L. N. Plein, F. E. Berquist, and F. G. Tryon, Mechanization Trends in Metal and
Nonmetal Mining as Indicated by Sales of Underground Loading Equipment (WPA
National Research Project in cooperation with U. S. Department of the Interior,
Bureau of Mines, Report No. E-3, June 1937), pp. 5-13.
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142 ROCK DRILLING

The depletive character of the mining industry complicates analysis
of the role of a specific technical advance such as the mechanization of
drilling in changing employment opportunities. For this reason a rel-
atively short-time view of changing employment may suggest different
conclusions than would a view in terms of a long-time typical depletive

 In numerous particular instances technological advances in

cycle.
drilling have displaced mine labor or have permitted expansion of output
that otherwise would have been produced with a larger drilling labor
force. However, both at individual operations and over entire branches
of mining part of the gains of technology has been absorbed by growing
natural handicaps, such as increased depth, rock pressures, and heat and
humidity. Along with the declining grade of ore they presented for-
midable obstacles that had to be overcome before net gains in unit output
could be achieved. The need for surmounting such growing physical dif-
ficulties accompanies a developing mineral industry. Today, for example,
approximately one-half of the Nation's copper production comes from de-
posits that were known in 1900 but were then considered valueless because
of their low metal content.”’

The forces of depletion present a perennial challenge to the mineral
technologist, for in general over any extended period successively larger
volumes of work must be performed to obtain a unit of product. This
can be done only by lowering costs (unless prices of the products are
to be notably increased); rock-drilling progress has been part of the
large-scale mining and handling techniques that have been developed for
this purpose and have provided increased abundance in mineral supplies
at generally lower prices® in spite of the difficulties noted. These
techniques both 'created" employment by rejuvenating mineral enterprises
or industries that would otherwise have declined or ceased entirely and
"reduced" employment because of the lower unit labor requirements. Over
the relatively short span of the past two decades the forces curtailing
required manpower because of over-all technical progress in mining have
outweighed those making for employment expansion.

CHANGING OCCUPATIONS AND SKILLS

In addition to its influence on the volume of employment rock-drilling
progress altered the relative importance of certain occupations and of

6D. F. Hewett, "Cycles of Mineral Production: Youth, Maturity, and 0ld Age,"

Mineral Economics: Lectures Under the Auspices of the Brookings Institution
(1st ed.; New York: McGraw-Hill Book Co., Inc., 1932), pp. 82-90.

LA V. Corry and 0. E. Kiessling, Mineral Technology and Output per Man Studies:
Grade of Ore (WPA National Research Project in cooperation with U. S. Department
of the Interior, Bureau of Mines, Report No. E-8, Aug. 1938), p. 84.

8Tryon. Read, and Others, loc. cit.
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certain types of skills required in mining. It reduced the proportion of
the mine labor force engaged entirely or in part in drilling and greatly
changed the character of the drilling job itself.

Relative Decline of Drilling Labor

The change in the proportion of the mine labor force engaged in drill-
ing is illustrated by Michigan and Montana copper mines. In his study
of Michigan copper mining made as of 1876, Professor Egleston showed that
about two-thirds of the underground workers at a large mine were engaged
in "mining."® This may be broadly assumed as the approximate propor-
tion of underground men engaged in drilling and blasting in the days
of hand work at Michigan copper mines and as also representative of the
proportion so employed under similar conditioms at other underground
hard-rock mines. For those unfamiliar with American mining history it
should be noted that persons working as "miners" in 1876 spent the major
portion of their time in hand drilling and that the number of power rock
drills in use in the Michigan area was negligible. These conclusions
appear conservative when compared with data on occupations reported by
the Census of 1880, which showed that more than 75 percent of the under-
ground workers at Michigan copper mines were engaged in drilling and
blasting.® By 1931, however, workers engaged primarily in drilling and

blasting comprised about one-third of the underground workers in Michigan

copper mines. 11

Copper mining in Montana affords another example of the shift in types
of jobs. When the production began to rise rapidly at the Butte mines in
the last decade of the nineteenth century the piston drill was already in
wide use. By 1902, 710 of the goo power drills employed at the country's

copper mines were in use in Montana.® In the same year, u4,522 of the

5,196 underground workers were reported as "miners and helpers."'® To

9T. Egleston, "Copper Mining on Lake Superior," Transactions of the American
Institute of Mining Engineers, Vol. VI (1879), pp. 275-312,

1OThe Census of 1880 reported 2,076 miners out of 2,832 men and boys underground
at Michigan copper mines, or nearly 79 percent of the underground workers in
the miner category (fenth Census of the United States: 1880, Vql. XV, "Report on
the Mining Industries" [U. S. Dept. Int., Census Qffice, 1888]. D. 798). This
proportion 1s believed to be high because the census doubtless classified as miners
the underground workers engaged in development work, and these men did a relatively
large amount of mucking, tramming, and timbering in addition to hand drilling.
On the other hand, the use of the piston drill had expanded between 1878 and 1880
but hand drilling was still used for most work.

11For data utillzed by the authors in this determlnation see Wages and Hours
of Labor in Metalliferous Mines, 1924 and 1931 (U. S. Dept. Labor, Bur. Labor
Statistics, Bull. No. 573, Jan. 1933), pp. 19~-35.

1zExcluding Michigan, Nevada, Virginia, and Wisconsin, see Special Reporis of the
Census Office, "Mines and Quarries: 1902," table 12, p. 477. Almost all the
copper production of Montana has come from the Butte or Summit Valley district
and Montana contributed 28 percent of the country's copper production (Corry and
Kiessling, op. cit., p. 39).

1oSﬁeciaL Reports of the Census Office, "Mines and Quarries: 1902," p. 505.
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144 ROCK DRILLING

a larger extent than in Michigan, however, "miners" in Montana performed
other tasks than drilling, especially as a large amount of timbering was
required by the square-set stoping method of mining employed.l4 Never-
theless, the 710 drills reported provide a good criterion of the number
of men chargeable to drilling. Since two men were employed on each drill
and two shifts per day were the rule and assuming that each drill was
serviceable and worked throughout the day, it appears that approximately
2,840 drillers and helpers were on the pay roll. This figure probably
overstates somewhat driller employment in regular mining, but special
work (such as shaft-sinking) was occasionally done on a three-shift basis
and a certain amount of additional drilling was done by hand. Recog-
nizing the inadequacies of the data, drillers and their helpers may be
taken to have comprised somewhat more than so percent of the men working
underground at Butte in 1902. 1In 1931, drillers, helpers, and drill-tool
packers comprised about 32 percent of the underground wage earners in
Montana.!®

It should be noted that declining employment in drilling is not neces-
sarily an accompaniment of a reduction in the proportion of the under-
ground labor force engaged in drilling. Although the proportion of men
that performed drilling at the working face has dropped notably, the
workers so engaged have drilled progressively greater footages and have
broken successively larger tonnages with the aid of greatly improved
power rock drills. The rising volume of material handled has required
notable expansion of loading, haulage, hoisting, and milling facilities.

Changing Skills

How drill mechanization changed the character of the driller's job can
be illustrated by noting briefly essential features of manual drilling
methods and of machine drilling.

Drilling by the hand methods described in chapter II was a hard and
tedious task. Considerable skill was required, moreover, to achieve
effective results. It was necessary that the driller have enough knowl-
edge of rock characteristics and fractures to be able to space and point
the holes so as to obtain the maximum tonnage with a minimum of drilling.
The individual worker exercised a wide range of judgment to take ad-
Vantage of every possible natural aid. In addition the driller had to
know something about explosives and how to load and fire holes, for he
1*;.-"m'* a detalled description of various mining methods employed in exploiting
copper deposits, see Y. S. leong and Others, Technology, Employment, and Output

per Man in Copper Nini ¢ (WPA Natlonal Research Project in cooperation with U. S.
lepartment of the Interior, Bureau of Mines, Report No. E-12, 1in press).

=
4
“Wages and Hours of Labor in Metalliferous Mines, 1924 and 1931, DP. 18-35.
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was usually charged for the powder used. Likewise, he was frequently
charged for steel sharpening and steel breakage and so became adept at
Judging the proper hardness and shape of bit best suited to the rock.
The skill and physical strength required in hand drilling varied with
the type of drill used and with the nature of the rock being drilled.

Hand churn drilling particularly was exhausting work. By far the
greater part of the day was occupied by simple physical effort - raising
and dropping or thrusting down a heavy steel bar. For this work the
driller needed much strength and resistance to fatigue but relatively
little skill.

Physical strength was also the chief prerequisite for drilling with the
hand auger. Its use in the softer rocks and the mechanical advantage of
a crank considerably increased the driller's capacity for work,1® but he
had to lean heavily against the drill while he turned it with one hand.
Other types with both double and single cranks afforded support for the
drill and some had a feed bar that forced the bit ahead. Some skill
was of course necessary in placing the holes to best advantage, but the
rocks usually bored were not only softer but more homogeneous than those
ordinarily found in hard-rock mining, and skill was not so important as
in drilling hard rock.

Manval hammer drilling was almost the sole method employed for perfo-

rating hard rock in the early days of metal mining and in most of the
dimension-stone quarrying. The use of the hammer-and-steel demanded

physical strength, coordination, endurance, and a high degree of skill.
Hard rock connotes slow drilling, moreover, and the driller had to husband
his strength to last out the shift. Sheer physical force was not enough
because each blow had to be struck with the proper amount of force -
lightly when starting a hole and harder when it was collared. The blows
were also adjusted to the nature of the rock. The steel had to be turned

Jjust the proper amount to prevent the formation of a shoulder and to keep
the hole round and true, while the bit had to be held solidly at rest on
the rock face just at the moment of hammer impact. This was especially
difficult in drilling an upper. To break the greatest quantity of ground
the hole was pointed to start a fracture along inherent planes of weak-
ness or along predetermined lines. The experienced driller was expected

18y. R.

No. 19 (May 12, 1908), p. 310 clites Rankine as authority for

& man using a hammer could develop about 480,000 foot—-pounds pe 5 T z
a crank, as on a winch or windlass, he could develop about 286, 000 foot-pounds.
A medium-sized power drill strikes a blow of about ( pounds. Drilling
3 hours per shift, such a drill would develop about 18 million foot-f ds.
In other words, in 4 to 5 minutes the power drill could do as much work as o
hammerman in a day.
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FIGURE 25.— A WESTERN HAND-DRILLING CONTEST

The hand driller had to have great skill and strength. Such a contest as
that shown above was a fine exhibition of muscular coordination, machine—
like precision of movement, and extraordinary teamwork.

The two-man team is double-jack drilling theblock of rock shown below the
platform. The kneeling partner has just placed a fresh steel in the hole
and the dulled steel - approximately 3 feet long - which he has just
thrown out may be seen still in the air just above his head. This change
of steel was made without any alteration of the strikerss rhythm.

to be able to drill in any direction and from various postures; the bet-
ter drillers were able to work ambidextrously. The necessary skill,
rhythm, and muscular coordination were developed only after long train-
ing. These characteristics were well-exemplified by participants in the
hand—drilling contests that were once the high spots of miners' holiday
celebrations. During such feats the steel was changed frequently without
interrupting the striking, as described in the following passage:

Changing steel every minute is a man's Jjob. To throw a long
piece of steel from the hole and to place the next and longer
one in it while the hammerman is raising his hammer requires
strength, skill, coolness, and extremely fast action, espe-
cially when the striker is swinging at the rate of as many as
85 or 90 blows per minute. Yet the hammerman does not break
his rhythm and if one were not looking, it would be impossible
by timing the blows to tell when the change is made. The used
steel flashes into the air, and the one replacing it is smacked
to the bottom of the hole a split second before the hammer
descends on it.17

17p11en s. Parks, nSuper Hammermen," Compressed Air Magazine, Vol. 43, No. 1
(Jan. 1938), D. 5504.
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The early machines did lighten the operator's labor and relieve the
tedium of his task, but brawn was still essential because the drills and
mountings were extremely heavy and awkward to handle. At the same time
the driller had to:learn new skills. He had a powerful machine to con-
trol and had to judge the cutting efficiency by the sound of the blow and
the exhaust and by the feel of his hand on the feed-screw crank. He had
to devise minor arrangements - such as the use of small pieces of scrap
iron in the hole — to keep the drill from fitchering. The cumbersameness
of the drill often made it impossible to place the holes in the most
efficient position. Thus, somewhat standardized "rounds" were drilled
in which the holes were bored with a general regularity of spacing and
inclination best suited to the machine at hand and with less reference
to rock characteristics than in hand drilling. The driller also became
sanething of a mechanic. The early drills particularly were structurally
weak, and the operator was called upon to make many repairs, frequently
with whatever materials and tools were at hand.

With machines like the churn and diamond drills, some sensory percep-—
" tions had to be modified or developed. The shift from the spring-pole
to the power churn drill did not require a major adjustment, for the
driller had already learmed to drill "on the spring of the rope." With
the speedier power machine, however, he had to sense changes more quickly,
and with the substitution of steel for manila ropes and the corresponding
difference in elasticity the senses had to be more alert. The rate of
advance or speed of rotation with the diamond drill was governed by not-
ing the pressure on the rods, by the sound of the engine or pump exhaust,
and by the feel of the drill rods as they turned in his hand. There
were many problems in deep-hole drilling that required special knowledge
and skills; rope or rods broke, bits stuck, and holes deviated from the
desired direction. Ingenious devices and techniques were designed to
recover tools, to survey the holes, and to control direction. Thus the
deep-hole driller became a highly skilled specialist.

With the development of better drills and cutting tools, structural
weaknesses were notably reduced and weight decreased. At present the
drill runner seldom is permitted to make any repairs, and he need see

only that the air and water lines are free and clean and that the machine
is lubricated. Physical labor also is reduced by the use of automatic-
feed drifters and self-supporting automatic-rotation stopers. In some
work, such as drifting and crosscutting, machines may be mounted on drill
carriages so that setting up and tearing down the drill is unnecessary.
The pointing and loading of holes are often prescribed, and at some mines
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148 ROCK DRILLING

a period of intensive instruction with close supervision under operating
conditions is required before even experienced men are put to work break-
ing ground. The modern drill runner is a specialist skilled in getting
the maximum footage. He must be alert and have quick reaction time and
sufficient intelligence to undérstand and obey orders. He need not have
the physical strength and endurance of his hand-drilling prototype and
is generally younger.

HEALTH AND SAFETY

Of the various occupations in mines, that of miners whose principal
functions are drilling and blasting is probably the most exposed to the
accident and health hazards characteristic of mining. These fall into
three general classes: accidents that cause physical injury or death,
working conditions that adversely affect physical well-being, and oc-
cupational diseases.

FIGURE 26.~ DRILLING IN CRAMPED QUARTERS WITH A WET STOPER

The hazards of rock drilling are increased when work is done in restricted
space and under difficult conditions.

Accidents are an ever-present possibility for the miner. As a rule he
is the first to enter the working place, which he has to make safe for
himself and others by barring down loose rock or by placing supports to
hold up threatening blocks too large and tightly wedged to be readily and
safely moved or to restrain ground that might cave if left unsupported.
He has to set up the drilling machine and to handle the needed steel and
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EFFECTS ON EMPLOYMENT 149

tools. When the requisite number of holes are drilled he tears down the
drill and moves it with the water and air hoses, tools, and steel away
from the working face. He then loads the holes with high explosives and
fires them. From a nearby point of safety the miner counts the shots so
that he can report a "missed hole" to the miner on the following shift
who might otherwise drill into the explosive and be killed or seriously
injured. These tasks are performed by artificial light, usually in
cramped quarters, with the worker's ability to sense dangers reduced
by the noise of the sharp exhaust of the drill and the clank of steel
on rock.

The operation of the machine, the handling of machine equipment, and
the inability of the driller to perceive dangers due to noise increased
risks for the machine driller but they have been gemerally offset by
greater vigilance and protection against them. Extensive statistical
series on injuries and fatalities are not available for individual oc-—
cupations, but for the s years 1931-35 there were about z% fatalities
and approximately 150 nonfatal accidents per thousand 300-day workers
in metal and nonmetallic mineral mines in contrast with about 3% fa—
talities and approximately 240 nonfatal accidents on the same camparative
basis for the half decade 1916-20.1% Over the same period the injury and
fatality rate in quarries and related activities also showed notable

- decline.*®

Up to the time the rock drill came into widespread use, high temper-
atures?? and humidities were found only in exceptional mines because
men could not efficiently perform hard physical labor under such con-
ditions.?! The power rock drill, however, made work economically pos—
sible where drilling could not have been done by hand, but mining with
power equipment where temperatures and humidities were excessive went on

for a considerable period without adequate provision for ventilation.??

18, . Adams and M. E. Kolhos, Metal-Mine Accidents in the United States During
the Calendar Year 1936 (U. S. Dept. Int., Bur. Mines, Bull. No. 422, 19839), D. 52.

191111an W. Adams and Virginia E. Wrenn, Quarry Accidents in the United States
During the Calendar Year 1936 (U. S. Dept. Int., Bur. Mines, Bull. No. 416, 19638)
p. 81.

20Rock temperatures ordinarily increase about 1° F. for each 70 to 100 feet below
the surface.

21The Comstock lode was an exception and relatively rich ores were mined by hand
under conditions of excessive temperatures and humidities; these were due to the
infiltration of large quantities of very hot underground waters rather than to
increased depth. John A. Church reported that during 1878 at least elight deaths
in Comstock mines were due to heat exhaustion following exposure to high tempera-
tures and to scalding. He also belleved that many fatal and nonfatal acclidents
were indirectly caused by weakness brought about by exposure to high temperatures
and humidities. See John A. Church, M"Accidents in the Comstock Mines and Thelr
Relation to Deep Mining," Transactions, 4.I.M.E., Vol. VIII (1880), pp. 85, 87-90
and John A. Church, "The Heat of the Comstock Mines," Transactions, A.I.M.E.,
Vol. VII (1879), pp. 45-76

22The power drill itself was an ald to ventilation in that the exhaust alr notice-

ably reduced the working temperature in the vicinity of the drill. Effective
ventilation, however, required additional facilities.

T A IR S A RS I i e e G e S N TR ICUN




e A S g A i s i

]
|
i
|
?
|
i
i
i
i
|
!

150 ROCK DRILLING

In a study made of Butte as late as 1916-18, Harrington concluded that
"a 30 per cent loss of efficiency, due to defective miné ventilation,
among men working underground . . . . is probably a comservative es—

timate . T

There is no formula for translating "efficiency"
into human values but there are strong indications that continued expo-
sure to high temperatures and humidities may shorten the useful life
of the worker. Reporting on studies made in coal mines of the Saar and
Upper Silesia, Dr. R. R. Sayers of the U. S. Public Health Service and
Sara J. Davenport said that "it was found that, while subjective and
objective sicknesses could not be determined and the capacity for work
was not lowered, the total incapacity of the workers in coal mines, where
the humidity is greater than in other mines, begins at 435 years of age,
nine years earlier than with other miners."24

More serious than the risk of accident or of poor health because of
high temperatures and humidities is the danger that the driller might
contract pneumoconiosis. This general term is used here to denote the
respiratory diseases caused by deposits of dusts in the lungs and which
are common among miners. Some typical manifestations are silicosis,
caused by siliceous particles,and asbestosis caused by breathing in fine
asbestos particles.

These occupational diseases of the miner were not a product of machine
mining. The prevalence of such diseases among miners has been recognized
for centuries; and references are frequently found in the literature on
mining to "miners' cough", "miners' asthma", "miners' phthisis", and
"miners' consumption." Agricola in his De Re Metallica, published in
1556, said "the miners are sometimes killed by the pestilential air which
they breathe; sometimes their lungs rot away."2?® Numerous instances in-
dicate that pulmonary diseases due to rock dust were common in the United
States in the days of hand mining. An example of the occurrence of sili-
cosis among quarrymen about 1880, when hand methods of drilling were the
rule, was noted by the Census Report for that year as follows: '"The work

3 . .
2 Daniel Harrington, Underground Ventilation at Butte (U. S. Dept. Int., Bur.
Mines, Bull. No. 204, 1923), p. 117.

24R. R. Sayers and Sara J. Davenport, Review of Literature on the Physiological
Effects of Abnormal Temperatures and Humidities (Reprint No. 1150 from Public
Health Reforts; U. S. Treasury Dept., Public Health Service, 1927), p. 186.

ZSAgricola also states, "Some mines are so dry that they are entirely devoid of
water, and this dryness causes the workmen even greater harm, for the dust which
Is stirred and beaten up by digging penetrates into the windpipe and lungs, and
produces difficulty in breathing, and the disease which the Greeks call asthma. If
the dust has corrosive qualities, 1t eats away the lungs, and implants consumption
in the body; hence in the mines of the Carpathian Mountains women are found who
have married seven husbands, all of whom this terrible consumption has carried
off to a premature death." Georgius Agricola, De Re Metallica (translated from
first‘Lgtln edition, 1558, by Herbert Clark Hoover and Lou Henry Hoover [London:
The Mining Magazine, 1912]), pp. 6, 214.
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EFFECTS ON EMPLOYMENT 151

of channeling with picks and shovels is very injurious to the health of
the workmen on account of the sand-dust inhaled into the lungs."%®

Al though respiratory diseases were reasonably common among miners be—
fore the advent of mechanical drilling, the use of drilling machines, at
least up to about 1915 — and in some areas thereafter — greatly increased
the prevalence and seriousness of those diseases. The early piston and
hammer drills drilled many times faster than the hand worker and made
larger holes that were the source of a larger volume of fine dust and
cuttings. There frequently was little air movement close to the working
face and dust concentrations remained high in the working places. Al-
though some drilling was done with water to settle the dust even when the
piston drills were used, there were instances where water could not be
used or was not easily available; the early mines were first piped for
campressed air and later for water. In some instances, also, the mixture
of water and cuttings dropped on the driller and he frequently preferred
to "drill dry and eat the dust." Rules requiring wet drilling were gen-
erally disregarded and infractions were conveniently overlooked as long
as the tonnage output was satisfactory. The hammer drill bored more
rapidly than the piston drill and increased the dust hazard when dry
drilling was practiced, but this was offset largely by the more rigorous
enforcement of wet—drilling regulations. Even where wet drilling was the
practice, however, the driller frequently started the holes dry and often
drilled without water for a few inches.

It was not until the second decade of the present century that authen-
tic information was available regarding the high incidence of silicosis
among miners. Examination of 720 miners in 1915 in the Joplin (Mo.)
zinc-lead mining district, where most of the drilling was in highly sili-
ceous rock, indicated that 46 percent had silicosis and tuberculosis and
5 percent had tuberculosis. Forty-two percent of 1,018 miners examined
in Butte in 1921 showed definite signs of lung impairment due to dust;
examination of 303 gold miners in Nevada in the same year disclosed that
80 percent had silicosis.?” It is estimated that roughly one-fifth to
over a third of the miners in typical hard-rock mining camps 20 years
ago were afflicted with silicosis.

BBronth Census of the United States: 1880, Vol. X, "Specizl Reports on Petroleum,
Coke, and Bullding Stones" (U. S. Dept. Int., Census Office, 1884), "Building
Stones of the United States," p. 37. The same report also noted (p. 25) that "the
cutting of such stones often subjects the workmen to serlous inconvenience on

account of a sharp and very fine dust or powder made by the tools, and which 1s so
light as to remain suspended for some time In the air."

2y Harrington and Sara J. Davenport, Review of Literature on Effects of Breathing
Dusts With Special Reference to Silicosis (U. §. Dept. Int., Bur. Mines, Bull.
No. 400, 1937), p. 23.
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152 ROCK DRILLING

Drilling has been only one of the activities responsible for the gen-
eral dust hazard in mines. Although under certain conditions it has been
the most important source of dust; today in well-managed mines where
wet-drilling regulations are rigorously enforced, blasting and even hand
shoveling may be more important sources. Thus the general problem of
dust control extends beyond the drill, although complete wet drilling
is the first effective step. The volume of dust due to blasting can be
greatly reduced by thorough spraying of muck piles and working places
while shooting is going on and by limiting the shooting to the period
between shifts. Adequate ventilation is of great importance. The dust
content of the air may be kept below a permmissible maximum and the number
of workers exposed to the greatest concentrations can be controlled to
some extent by careful routing of air currents. The principal meth-
ods of dust control are not applied easily and add appreciably to the
cost of mining, but their effectiveness has been demonstrated in the
United States and abroad. The program sponsored by the Miners' Phthisis
Medical Bureau in South Africa has been especially effective, and it has
been reported that "since 1923 there have been no cases of contracted
silicosis - in other words no new Rand miner has been found suffering
from silicosis in the last ten years."?® In this country during the
past decade silicosis has been included in the list of compensable oc-
cupational diseases under the workmen's compensation laws in an increas—
ing number of States and dust-control programs have received increased
attention.

No cure is available for silicosis and the miner who contracts it is
permanently handicapped. His effectiveness as a worker is reduced,
and other aspects of his life are circumscribed. Although there is no
accurate measure of this incapacity, it has been reported that "with
the development of first-stage silicosis there was a drop in the number
of weeks and shifts worked, and with second-stage silicosis there was
a marked drop in amount of work performed on each shift."2® Men with
third-stage silicosis and with both silicosis and tuberculosis worked
intemittently and during a relatively small portion of the year.2° Not-
withstanding a decreased physical output capacity, the simple silicotic
can and may work and he represents no hazard to his coworkers as long as
he does not contract an infectious disease. He should not be exposed
28"M1ners' Phthislis, " The South African Mining and Engineering Journal, Vol. XLV,
gxt'ililinz? witgi‘ gé?"g'yixllog', jl’giﬁ)rza t,pi.ona,z'al nglweerge Cglfdasdeocfu;gg tg?n%e Tg%xg:g gg:tﬁé

and return to the working face, air sampling, ventilation, and the wearing of
masks. See Harrington and Davenport, op. cit., p. 269.

igﬂarrington and Davenport, op. cit., p. 48.
%0rbia.
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EFFECTS ON EMPLOYMENT 153

further to dust, however, and the work should not overtax his reduced
strength and endurance. In this respect one medical authority has re-
cently suggested "that emphasis should be placed on the control of dust

so as to remove the hazard rather than to remove the workman from the

occupation."®?

Lack of data prevents quantitative appraisal of the dust hazard in
mining during earlier decades and of the extent to which various mining
operations contributed to that hazard. It may be estimated, however,
that a quarter century ago as many as a third of the men engaged in hard-
rock mining in the United States had silicosis and that machine drilling
was perhaps the most important factor contributing to this situation.
There is little question that at least through the first 15 years of the
present century the power drill increased the dust hazard, with serious
results to the workers. The danger has been greatly lessened by the con-
stant effort of safety engineers and by wide cooperation of mine operators
in dust-control programs inaugurated by the U. S. Bureau of Mines and
the U. S. Public Health Service. Rigorously enforced wet-drilling reg-
ulations and other controls have notably reduced dusts attributable to
drilling, and in most well-managed mines today such operations as blast-
ing and loading present a more difficult problem in dust control than
drilling. Even dust resulting from blasting and loading is now usually
controlled in well-managed mines but constant vigilance is required to

keep the hazard under control.

OUTLOOK FOR EMPLOYMENT IN DRILLING®?

What course is future technical advance in rock drilling likely to
follow? What will be the effect of new improvements in drilling upon em-
ployment in mining? Absolute answers to such guestions of course cannot
be given, but the major considerations and certain important trends may
be pointed out. Future employment in drilling will depend on the guan-
tity of drilling that is performed and the rate per man at which it may
be accomplished. Both of these factors, however, will be determined by a
host of direct and indirect influences, many of which cannot be foreseen
with reasonable accuracy. For some branches of mining the hazards of
prognosis are heightened by uncertainty regarding the grade and quantity

31R. R. Sayers, "Progress in Combating Silicosis," Mining and Metallurgy, Vol. 20,
No. 389 (May 1939), p. 252.

3ZThe reader is reminded that this discussion does not include the drilling of oil
and gas wells in which increased employment 1is expected (see Kiessling and Others,
op. cit., p. 308); drilling and cutting in coal mines is also covered in a sep-
arate report (see Willard E. Hotchkiss, F. G. Tryon, and Others, Meechanization,
Employment, and Output per Man in Bituminous-Coal Mining [wpA National Research
project in cooperation with U. S. Department of the Interlor, Bureau of Mines,
Report No. E-9, Aug. 183¢]).
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154 ROCK DRILLING

of reserve-ore tonnages. Despite these difficulties, examination of
recent tendencies in rock-drilling progress and mineral production offers
clues to same probable future trends in driller employment. INCHES

IS e

Barring a long and costly European war, the short-time prospect — say

for the next 10 years - is for a minor reduction in driller employment . [
The volume of drilling done will depend upon the tonnage broken and this &
in turn will reflect the level of demand. The reserves that will be
mined during the next decade already are largely known and the speed with

which they will be exploited varies with the market outlook for differ—

ent industries. The question of future demand for mineral products is
a problem of such large proportions that it could be treated only in a
limited manner in the separate commodity studies of this series.2®3 In
addition to factors influencing demand in the past, new uses for minerals
probably will be developed; on the other hand, the substitution of one
metal for another, as aluminum for copper, and the increasing volume
of scrap material available may notably curtail certain types of mining.
Generalizing where conditions vary widely, however, and taking the min-
eral industries as a group, it seems likely that the trend of demand
10 years hence will show a moderate increase with growth of population,
continued expansion of industrialization, and progress toward a higher

B T Sy s e TS L b i

general standard of living.

The effect on drilling employment of the anticipated increase in the
volume of production probably will not be great enough to offset the
tendency of a continuing rise in drilling speeds to decrease employ-
ment. There are several reasons why the trends indicated in figure 2%
are likely to continue upward. Wider use of improved drill steel and
detachable bits, additional improvements in both the machine and drill
steel, and the replacement of obsolete machines with more efficient mod-—
els are major considerations leading to this conclusion.
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Improvements that have been made in drill steel and in detachable bits
have not yet been fully utilized at many operations, and the more wide-
spread application of such developments will result in greater driller
productivity. Furthermore, it is probable that such advances will con-

33The series referred to includes studies on technology, employment, and output per
man in various branches of mining conducted by the WPA National Research Project
in cooperation with the U. S. Department of the Interior, Bureau of Mines. See:
A. Porter Haskell, Jr., and 0. E. Kiessling, Technology, Employment, and Output
per Man in Phosphate-Roc k Mining, 1880-1937 (Report No. E-7, Nov. 1938); Harry S.
Kantor and Geoffrey A. Saeger, Changes in Technology and Labor Requirements in
the Crushed-Stone Industry (Report No. E-8, Feb. 1839); Willard E. Hotchkiss, F. G.
Tryon, and Others, Nechanization, Employment, and Output per Man in Bituminous-Coal
Mining (Report No. E-9, Aug. 1639); 0. E. Kiessling and Others, Technology, Employ-
ment, ard OQutput per Man in Petroleum and Natural-Gas Production (Report No. E-10,
qulg 1939); Y. S. Leong and Others, Technology, Employment, and Output per Man
in Copper Mining (Report No. E-12, in press); Nicholas Yaworski, 0. E. Kiessling,
and Others, Technology, Employment, and Output per Man in Iron Mining (in prep-
aration); and others, in preparation.
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Figure 27.- UPWARD TREND IN DRILLING SPEEDS INDICATED BY
RESULTS ACHIEVED UNDER TEST CONDITIONS
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MINERAL TECHNOLOGY AND OUTPUT PER MAN STUDIES

NIGHMAN AND KIESSLING
WPA-NATIONAL RESEARCH PROJECT E-187

U.S.BUREAU OF MINES

penetration rates achieved under test conditions for two of the principal
types of one—man hammer drills are shown above as rough indicators of
approximate trends. Although useful for this purpose, the data cannot be
taken as indicative of average performance in regular mining. They rep—
resent the average speed for several holes and the time of drilling i

accurately measured. The tests are run under standardized conditions o

air pressure, bit gage, and depth and inclination of holes; the drilling

is done in a hard granite of relatively constant character with new ma—
chines handled by skilled operators. Data are from records furnished by

large manufacturers of rock drills.

tinue. This is significant because a bit made of superior material suf-
fers relatively small gage loss, holes can be started with bits of smaller
gage, and drilling speed correspondingly increased. Manufacturers will
also doubtless continue to take advantage of new special materials and
alloys in making the drilling machine more durable and to effect minor
improvements.

The useful life of the rock drill is relatively short, and commonly
used depreciation rates indicate a life of about 5 years for the hammer—

drill group, about 10 years for channelers, and 10 to 15 years for churn
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156 ROCK DRILLING

drills. From 1930 to 1935 very little drilling equipment was purchased
and at many operations the old machines were repaired and kept in use.

Although there was a considerable revival in mining in 1937, there was

apparently a stock of machines at both operating and nonoperating mines

and quarries that was drawn upon for replacement and sales of new equip—

ment continued on a low level. It thus would appear that rather extended
replacement of existing equipment with more efficient new machines is
probable in the not-too-distant .future.®* This development will be a

factor contributing to the somewhat smaller volume of driller employment
that has been noted as probable in the short run.

Although the long-time prospect is obscured by many uncertainties, if
it is assumed that the United States will continue to supply its own

minerals 50 years hence the outlook is definitely for an increased volume 53
of drilling and a probable increase in driller employment. Technical
advances in the art of drilling are expected to continue, but their ef-
fect will probably be more than offset by that of the forces of resource
depletion. The drilling and breaking of vastly greater ore tonnages will
be required to obtain a given quantity of mineral; in addition, more ex—
tensive development work will be done as exploitation proceeds to greater
depths. An over-all long-time increase in exploratory drilling is also
expected as the search for new reserves is intensified.

Increases in the efficiency of drilling probably will be a long-time
feature of mining, but as drilling is already highly mechanized the pos-
sibility of further large advances in technology here appears small com-
pared with so years ago. Nevertheless, increased penetrating speeds
resulting from factors such as improved utilization of power doubtless
will aid in reducing operating costs and holding them at reasonable
levels. Also, different machines probably will find broader fields of
application. The shaft-size core drill, so far used for vertical holes,
may be used for inclined bores or for horizontal openings. It is also
possible that some of the quarryman's tools, such as the channeler or
wire saw, may be applied for side-channeling in mines. The further de-
velopment of long-wearing hard or abrasive materials may permit success-
ful use of the powerful hydraulic rotary drill in penetrating rocks much
harder than those in which it is custamarily used. Changes in drilling
and breaking methods are also likely. As greater depths are attained,
rock pressures increase and these inherent strains may be increasingly
used to break rock. These practices are already known and are used to

34One manufacturer of churn drills informed the authors that his recent models
showed gains of 35 to 100 percent in effectiveness, jJudged both by volume of hole
and drilling speed, over the older equipment they replaced.
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EFFECTS ON EMPLOYMENT 157

a limited extent. Finally, entirely new methods of ore removal, such
as by abrasion, may be invented. Such broad changes in drilling and
breaking techniques undoubtedly would increase the driller's ability to
produce a greater footage and tonnage.

If we are to continue to enjoy an abundance of mineral raw materials
at the relative prices of the past two decades, increased driller,pro-
ductivity and improvements in other mining processes are essential to
offset the long-time influence of mine depletion. Bonanza ores of the
principal nonferrous metals have long since been exhausted, and there
have been no discoveries of important fields in the United States in the
past 30 years.?® Not only is the quantity of metal per ton of ore de-
clining but also the ore reserves of present workable grade for the chief
nonferrous metals have a relatively limited life;®® well within the next
half century it will apparently be necessary to turn to ore bodies that
are now submarginal. The same is true, but to a somewhat lesser ex-—
tent, for iron.®”7 This implies an increasing volume of excavation and of
drilling and breaking per unit of metal obtained. In addition, as exist—
ing mines extend to greater depths, the larger quantity of development
work necessary tends to raise the amount of drilling done per ton of ore.

Depletion of present-known deposits of metal ores also probably will
be accompanied by an increasing amount of exploratory drilling for new
reserves or for better defining known prospects. Beginning in 1939 the
U. S. Bureau of Mines in collaboration with the U. S. Geological Sur-
vey has undertaken a number of projects for delimiting and evaluating
certain deposits of strategic minerals; private as well as governmental
agencies will participate in extensive drilling campaigns in the future.
Geophysical prospecting, 1n which drilling is necessary when the re-
flection seismograph is used, is expected to be further extended in the
exploration of subsurface and deep-lying ore bodies.

The long-time prospect for mine employment in drilling may be summa-
rized as follows: If it is assumed that American industry will continue
to be supplied fram domestic mines, a much greater volume of ground will
have to be drilled and broken in the future to obtain a unit of product
because of declining grade of ore; in addition, other increasing physical

obstacles, such as greater depth of mines, will require a larger volume

of work preparatory to mining proper. Deposits of metal ores workable

55Corry and Klessling, op. cit., Dp. 16-7.
B8yonneth Leith and Donald M. Liddell, The Mineral Reserves of the United States
and Its Capacity for Production (Natlonal Resources Committee, mimeo., Mar. 1936)

P. 2

37yaworski, Kiessling, and Others, op. cit.
i{s not pronounced for the industrial nonmetals, but
demand for these materlals will increase notably.
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158 ROCK DRILLING

by surface methods - in which drilling is done with large-scale equip-
ment and low unit labor requirements - are known to be limited and any
relative increase in underground mining will be accompanied by a larger
relative expenditure of labor for drilling. In addition, it appears
likely that exploratory drilling will be used even more widely in the
future than in the past. Technical advances will, of course, continue,
but the margin of possible progress has narrowed because the drilling op—
eration already is highly mechanized. Whether or not these developments
produce a net increase or decrease in over-all employment in drilling
depends on the demand for minerals. Although the course of future demand
cannot be plotted precisely, it will be strongly affected by the growth
of population. Another report of this series summarizes evidence which
indicates that population will increase for at least the next three dec—
ades but at a gradually slackening rate.®® Thus, if our present standard
of mineral requirement per capita is maintained, or if it is only moder—
ately increased, the long-time trend of mineral demand will be upward.
Countertendencies are greater economies in the use of minerals®® and the
substitution of one mineral for another, but in all likelihood they will
not change the broad features of the general trend. With more units of
mineral needed and with a larger amount of drilling labor required per
unit because of such factors as declining ore grade, in spite of expected
further adoption of labor-saving technical changes the long-time forces
point toward increased employment for drilling in mines and quarries.

S8 1essling and Others, op. cit., pp. 209-300.

For an example of improving economy in mineral utilization see Nicholas Yaworski
and Others, Fuel Efficiency in Cement Manufacture, 1909-1935 (WPA National Research
Project in cooperation with U. S. Department of the Interior, Bureau of Mines,
Report No. E-5, Apr. 1938), pp. 1-2.
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