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Key for Identification of Mining Properties

Abbreviation Ccmnlete Name
Ajo Phelps Dodge Corporation 

New Cornelia Branch 
Ajo, Arizona

Bagdad Bagdad Copper Corporation 
Bagdad, Arizona

Bingham Canyon Kennecott Copper Corporation 
Bingham Canyon, Utah

Bisbee Phelps Dodge Corporation 
Copper Queen Branch 
Bisbee, Arizona

Butte Anaconda Copper Mining Company 
Butte, Montana

Castle Dome Castle Dome Copper Company 
Miami, Arizona

Hurley Kennecott Copper Corporation 
Hurley, New Mexico

Inspiration Inspiration Consolidated Copper 
Company5 Inspiration, Arizona

Morenci Phelps Dodge Corporation 
Morenci Branch 
Morenci, Arizona

Ray Kennecott Copper Corporation 
Ray Mines Division 
Ray, Arizona

San Manuel San Manuel Copper Corporation 
Tiger, Arizona
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CHAPTER I 

INTRODUCTION

Open pit metal mining methods in Arizona, Utah, and 
Mew Mexico are primarily employed for the mining of copper 
ores. For this reason it might he of general interest to 
trace the development of the copper mining industry and 
point out some of the major trends that have taken place 
during the early part of the current century.

1Historical Sketch

During the Bronze Age, copper was the most important 
metal known; however, its position of primary importance 
was usurped by iron about 3000 years ago. At the present 
time, copper is one of the most if not the most important 
of the nonferrous metals. During recent years copper has 
assumed even greater importance due to the development and 
continuous expansion of the electric-power industry. High 
electrical conductivity, ease of fabrication, resistance

1. Erdreich, E., Leong, Y. S ., and Kiessling, 0. E., 
Technology, Employment, and Output Per Man In Copper 
Mining: Works Projects Administration National Research
Project No. E-12, Department of the Interior,- Bureau of 
Mines; February 1940, pp. 5-8.
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to corrosion, and cheapness of production made copper a 
necessity for the growth of the electrical industry. By 
1950 the electrical industry and emergency demands had 
outrun the supply of copper and increasing amounts of alu
minum were in some instances substituted for copper. It 
is anticipated that the improved properties of copper over 
aluminum will not permit an appreciable substitution of 
aluminum for copper when copper becomes available in suf
ficient quantity to satisfy the demand. At the present 
time, approximately 50 to 60 per cent of the copper pro
duced in the United States is used for the manufacture of 
equipment which either produces or utilizes electricity.
The electrical industry, however, is not the only industry 
that uses large quantities of this versatile metal. Copper 
is finding more and more uses in the automobile and con
struction industries which, from 1933-37? utilized from 
20 to 25 per cent of the copper consumed in the United 
States.

The earliest published figures available for tie pro
duction of copper in the United States are those for 1845 
which showed that 112 tons of copper were produced with 
the Lake Superior region contributing 12 tons of this 
amount. The Lake Superior region gradually grew in import
ance and by the early 1870’s, produced about 80 per cent of 
the total copper output of the United States.
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As the population migrated westward, it was only nat-s hould—y
ural that other mineral deposits^be discovered. Among the 
deposits thus found were those of Glifton-Morenci, Globe, 
Bisbee, and Jerome Districts of Arizona. These ore bodies 
were first discovered and developed in the l870's and were 
to have profound influence on the economic development of 
Arizona.

The ore body at Butte, Montana, was the next important 
copper deposit to be developed. This ore body was so large 
and so rich that by 1887, Montana had surpassed Michigan in 
the production of copper. Montana was the leading copper 
producing state until 1907, when it was displaced by 
Arizona. Arizona has retained the lead, with the exception 
of one year, since 1907 due to the development and operation 
of its low grade porphyry deposits. In 1905 Daniel C. 
Jackling assisted by Louis C. Cates demonstrated that low 
grade porphyry deposits formerly considered as submarginal 
could be operated at a profit by large scale improved min
ing methods. The low grade porphyry deposits at Ray, Miami, 
Inspiration, Ajo and Morenci were placed into production 
soon after the Bingham Canyon demonstration. The success
ful exploitation of these properties assured the electrical 
industry that a large tonnage of low priced copper would 
be made available and this fact accelerated development in 
the electrical industry.
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Technological Advances

During the exploratory drilling of the Morenci,
Bishee, Ajo and Ray Districts, to name a few, these large 
low grade tonnages of submarginal material were recognized, 
but had to be considered, as previously mentioned, as waste 
until technological advances could be made to permit their 
profitable mining. The most important technological ad
vances in mining which permitted the successful operation 
of the low grade porphyry deposits were the introduction 
of open-pit and block-caving methods.

The open-pit mining methods originally used in the 
porphyry copper deposits were adapted from the Mesabi iron 
ore operations. Differences in the physical characteristics 
of the rocks and other factors have resulted in numerous 
modifications and improvements in the open-pit method as 
applied to the mining of copper ores.

Referring to underground methods, under-cut block
caving was originated and used on the Menominee Range in 
Michigan. This method, with additional developments and 
improvements by the copper industry, will be used at the 
large San Manuel property being developed near Tiger, 
Arizona.

In recent years the importance and economic advantage

2

2. Ibid, pp. 8-21.
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of the open-pit method has been demonstrated by large capi
tal expenditures at Ray, Morenci, Bagdad and Inspiration 
to introduce the open-pit method at these properties which 
formerly used underground methods entirely.

Important advances in mechanization at the open-pit
mines have been in loading and haulage equipment. Shovels

3originally were of the railroad-type and were inefficient 
since they were not full revolving, had limited maneuver
ability, were operated by steam power and required a large 
pit crew. When the railroad-type shovel was placed on 
caterpillar treads and made full revolving, a new era in 
loading equipment was born. A further economy was brought 
about by the introduction of electric power and the adop
tion of the Ward-Leonard^ control system. At the present 
time, work is being done on the development of alloy steel , 
dippers to replace th<̂  old heavy cast dippers. The use of 
an alloy dipper permits heavier loads to be moved for a 
given expenditure of power.

Haulage equipment in the early days of open-pit min
ing consisted of small steam locomotives and frail, small 
capacity cars. As the mines were developed, larger steam 
units and sturdier cars were introduced. Steam locomotives

3. Gardner, E. D., and Hosier, McH., Open-Cut Metal 
Mining: United States Bureau of Mines Bulletin 433, 1941,p. 8.

4. Ibid, p. 10.
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were inefficient since fuel was burned to maintain a head
of steam, even though the locomotive was doing no useful
work, and the service of a fireman was required. Economy
of operation and improved ability to negotiate sharp curves
and pull heavier loads up steeper grades resulted in the
introduction of electric haulage systems, the first one

5being installed at Bingham Canyon in 1929. As mine pro
duction increased, heavier rolling stock was installed 
which in turn necessitated additional changes in the trans
portation system. Rails were changed in weight from 60 to 
115 pounds, and improved track ballast and signalling sys
tems were adopted. Within the last 15 years, trucks have 
become of increasing importance as haulage units in the 
porphyry copper mines. At the present time, trucks capable 
of carrying up to 35 to 40 tons are being used at the 
Bagdad, Ray, Inspiration, Morenci, Castle Dome, and Bisbee 
properties.

One of the greatest factors in reducing permissible 
mill heads from open pit mines has been the introduction 
and improvement of the flotation process since 1914. The 
introduction of this process has improved recoveries of 
copper in the concentrator from 60 to 65 per cent to 90 to

5. Soderberg, A., Mining Method And Costs At The Utah 
Copper Co., Bingham Canyon, Utah: United States Bureau of 
Mines Information Circular 6234, 1930, p. 17*



95 per cent. This improvement has had a major effect in 
increasing ore reserves in the southwest.

' Statement of Problem

The object of this thesis is to make a study of open- 
pit mining operations of the southwest since the beginning 
of these operations about 1917• The technological and other 
advances which have been made will be correlated in order 
to determine trends in the various operations connected 
with open-pit mining.

7
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CHAPTER II

METHOD OF PROCEDURE

The writer interviewed several leaders in the field 
of open-pit mining in Arizona and asked for suggestions 
about how the mining of copper ores by open-pit methods 
could be studied to the best advantage. It was suggested 
that the author could best approach the problem by review
ing the literature. The writer has made liberal use of 
Bulletins and Information Circulars which have been pub
lished by the United States Bureau of Mines, Transactions 
of the American Institute of Mining and Metallurgical Eng
ineers, Engineering and Mining Journal, and the many inform 
ative papers presented by members of the Open-Pit Subdivi
sion of the Arizona Section of the American Institute of 
Mining and Metallurgical Engineers. The writer has gone 
into considerable detail in quoting material from the pub
lished sources which he has reviewed. This was done to 
facilitate the presentation of some of the detail encount
ered in the problem. In addition to the program suggested 
by the mining men, the author made several trips to open- 
pit properties and interviewed several mining men in con
nection with their operations.

I
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The results of this study were summarized in a paper 
entitled "Proposed Courses in Open-Pit Mining" which was 
delivered April 4, 1952 at the Tucson meeting of the Open- 
Pit Subdivision of the Arizona Section of the American 
Institute of Mining and Metallurgical Engineers.
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»

CHAPTER III

FACTORS INVOLVED IN THE SELECTION OF THE OPEN-PIT METHOD

Open-pit mining, whether it is for an ore of copper or 
some other ore, varies little in general method. The ore 
body is divided into benches of various heights, drilled by 
either churn-or air-drills, blasted, and the broken mater
ial loaded by power shovels into either railroad cars or 
trucks. The ore is then transported to a primary crusher.

Before the ore in an open-pit property can be mined, 
it must first be exposed. Uncovering an ore body of open- 
pit size involves the removal of millions of tons of over- 
lying waste or submarginal material. In most cases this 
capping is essentially barren, since descending ground waters 
have leached the valuable constituents and deposited the cop
per minerals at greater depth. In the open-pit method con
sideration must be given not only to the total amount of 
waste that must be removed but also to the amount that must 
be removed initially to expose the ore. After the ore has 
been exposed it is also important to determine whether or 
not the desired amount of ore can be mined and still maintain 
the required stripping ratio of waste to ore. As mining 
progresses the various benches are moved closer and closer



11

to the ultimate pit limit of mining operations. Eventually 
a point is reached when the cost of stripping the waste is 
excessive and at this time mining by the open-pit method 
will cease since the ultimate pit limit has been reached.
The remaining ore body will then be submarginal unless phys
ical conditions are such that the remaining mineralized ma
terial can be mined by an underground method or can be leach
ed in place.

The general method of excavation in open-pits is the 
same; different local conditions, however, permit variations 
from the general procedure. An example would be an open-pit 
operation overlying an underground mine. When the cost of 
transporting the ore from the pit to the crusher by the usu
al methods becomes too high, a raise could be put through 
from the underground mine to the bottom level of the pit.
The remainder of the open-pit ore could then be dumped into 
the raise, drawn out underground, and hoisted to the surface 
at a considerable saving in transportation expense.

The manner in which an open-pit is laid out is governed 
primarily by the size and shape of the ore body and by the 
topography of the surrounding country. If the ore body is 
very large and is found in relatively flat country, a spiral 
track system is generally required, as for example the New 
Cornelia property. If the surrounding terrain is mountain-

6 . Gardner, E. D., Johnson, 
Copper Mining in North America: 
405, 1938, p. 127.

C. H., and Butler, B. S ., 
Bureau of Mines Bulletin
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ous, an expensive and complicated system of sv/itch "backs is
7required, as at the Morenci open-pit. If the ore body is 

too small to permit the large capital investment required 
for a rail system, or if the pit layout is such that haulage 
grades must be excessively steep, in the order of 4 to 20 
per cent, a truck haulage system will be provided.

Limitations and Factors Affecting the Selection 
of the Open-Pit Method

Before an ore body can be brought into production by 
open-pit methods, it must first be thoroughly analyzed to 
see if the open pit method will be the most economical min
ing method for the given property. Among the factors which 
must be considered are the following:

Thickness of Canning and Ore Body

It is readily apparent that if the capping is too thick, 
the stripping cost will be excessive and will force the adop
tion of some other mining method. If the open-pit method is 
feasible, some waste material surrounding the ore body must 
be removed in addition to the capping vertically above the 
deposit. The slope of the pit sides determines the amount

?• Lawson, W. C., Preliminary Engineering at Morenci 
Open Pit: Civil Engineering, August 1940, p. 510.



13
of waste that must he so removed. Gardner, Johnson, and8Butler discussed angle of slope of open-pits so clearly 
that the writer believes the following quotation is justi
fied.

Although the face of a single bench may have 
a relatively steep slope it does not follow that 
the face of the whole pit will stand at the same 
slope. The slope of each bench can be varied to 
fit local conditions, but the over-all average of 
the sides of the pits must be carefully worked out 
to prevent dangerous or expensive slides. Berms 
are usually left in the face of a pit as each 
bench is finished. They reduce the over-all slope 
of the sides and hold spalls resulting from weath
ering .

The character of the rock or ore is the most 
important factor in determining safe angles of 
slope, but the height of benches and depth of pit 
also have a bearing on the subject. Hard rock 
usually stands safely at steeper angles than de
composed or soft material. The over-all slope, 
however, depends mainly upon the structural fea
tures of the rock mass. Banks are likely to 
break to prevailing planes of weakness in the rock 
if the dip of the fractures is near the angle of 
slope. Disastrous slides have occurred along 
relatively flat fault zones in pits. As depth 
is attained slides are more likely to take place; 
an angle of slope that is safe for a shallow pit 
may be dangerous for a deep one in the same ma
terial. The natural angle of repose of broken 
rock is about 35°* Slides may take place, how
ever, at flatter angles on the sides of deep pits 
in structurally weak rock.

Time is an important factor of ground move
ment in some high banks. Rain, snow, freezing, 
and thawing hasten ground movement; as time 
passes the movement gradually accelerates until 
a slide occurs. Minor dislocations of rock usu-

8. Gardner, E. D., Johnson, C. H., and Butler, B. S .,
op. cit., pp. 127-130.



14-

ally serve as a warning of a major slide. Y/hen 
trouble is anticipated on steep, fractured banks, 
bench marks are usually established at critical 
points on the bank. The points are closely 
watched and surveyed at intervals; thus major 
slides often can be anticipated. Banks may be 
carried at a relatively steep angle when mining 
can be completed in a short time; the longer 
banks stand the more dangerous they become.

The general over-all slope of pits in open- 
cut copper mines ranges from 26° to 70°. At the 
Utah Copper mine the average bank slope is 50°: 
in 1935 the over-all angle of pit slope was 26°. 
At Ajo, where relatively wide benches are main
tained, the ultimate over-all angle of slope has 
been tentatively estimated at 45°. The average 
slope of the bank faces is about 50°.

The following stripping ratios will serve as examples
of the amount of waste being removed at several open-pit 

9copper mines:

Mine Ratio: Waste to Ore, tons
Bingham Canyon, Utah ----  1 .1  to la
Ajo, Arizona-------------0 .8 3 to 1^
Hurley, Hew Mexico------ 1 .7 6 to 1
Bisbee, Arizona--------- 2.60 to 1C

QMorenci, Arizona-------- 1.04 to 1
a. The ultimate ratio, depending on the over

all pit slope, is between t to 1 ; maximum ratio, 3 to 1 .
b. Ultimate.
c. Total operation.

9. Gardner, E. D., Johnson, C. H., and Butler, B. 8.,op. cit., pp. 371 and 382.
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Size of the Ore Body

To the writer's knowledge no published figures are 
available which discuss the minimum size ore body that is 
considered feasible for a commercial open-pit operation.
In times of emergency such as World War II and the current 
period, smaller ore bodies are being developed but usually 
with some sort of government guarantee. An idea of the size 
of some open-pit ore bodies can be gained by studying the 
following figures which have been published:"1"0

Open Pit Ore Reserves, Tons
Bagdad, Arizona--- ------------ 47,500,000
Bingham Canyon, Utah ---------- 640,000,000
Ray, Arizona ------------------ 84,848,000
Horenci, Arizona ---------  239,216,000
Ajo, Arizona--------------   118,627,000

Past experience has indicated that technological ad
vances have reduced the grade of permissible mill heads and 
have thereby substantially increased the size of the ore 
body to amounts in excess of published figures.

Considerations of Mining Costs by Open Pit Methods

The engineering staff must make recommendations with

10. Ibid, p. 9.

I
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respect to the most economical method of mining an ore body. 
The decision is based upon a cost analysis, comparing the 
mining cost by open-pit with the costs of applicable under
ground methods. When conditions are favorable, the open-pit 
method gives much lower mining costs since it uses large 
scale production methods, and practically complete mechani
zation. Greater working efficiency is obtained from the 
miners since closer supervision is possible.

Mining costs at open-pit mines, as expressed in cents 
per pound of copper, vary because of differences in the grade 
and structure of the ore, the amount of submarginal material 
to be removed, the quantity and size of the equipment used, 
the shape and size of the deposit, the nature of the sur
rounding terrain, managerial efficiency, the climate, and 
other minor factors. The ore must carry, in addition to the 
direct mining cost, such factors as depreciation of equip
ment, a share of the general expense, and taxes.

11Gardner and Hosier state u.... , the direct cost of
producing ore at the Utah Copper in 1934 was $0,108 a ton, 
and the total mining cost for 1933 was SO.411. In other 
words, the actual cost of excavating the ore is only one- 
fourth of the total expense charged to mining. In addition, 
the ore had to be milled. In 1933 the total production cost 
at this property was $1,277 a ton." The writer computed this

11. Gardner, E. D., and Hosier, McH., op. cit., p. 154.
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figure in cents per pound of copper for the year 1934 and 
found that the total production cost was approximately 7*34.

A comparison showing the various items of direct min
ing costs at three open-pit- mines is given in the following 

12table:

Table ITo. 1, Direct Mining Costs

Year
Utah Copper"*-

Hew
Cornelia" Chino"

1928 1934 1930 1928
Ore mined, tons 16,558,500 4,086,000 2,376,764 2,621,340
Costs per ton:

Drilling ———— $0,027 $0 ,0 2 6 $0,070 $0.0210
Blasting --- (5) (5) (5) .0274
Shovel oper-
ation ------ .0 1 9 .020 .049 .0360
Transportation .053 .040 . 066 .1079Miscellaneous .018 .022 .025 .0143

Total Mining .117 .108 .210 .2068
Explosives ■— .015 .013 .025 .0212
Power ------- .003 .005 .004 .0051 (6)Fuel-------- .007 mm mm mm ~  mm .0 3 0
Labor------- .038(7) .026 .104
Supervision — .006 .009 .021Snrmli . 08l

Ore mined per
man shift, tons 55.0(8) 57-6(8) 42.2

Explosives,
pounds per ton 0.118(8) 0.114(8) 0.17Power, kilowatt-
hours per ton - 0.46(9) 1.29(9) 0.56(10) 0.04(6)

12. Gardner, E. D., Johnson, C. H., and Butler, B. 8., 
op. cit., p. 260.
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1. Ore mining only. (See Thorne, H. A., 
Mining Practice at the Chino Mines, Nevada Con
solidated Copper Co.. Santa Rita, N. Hex.; Bureau 
of Mines Inf. Circ. b412, 1931, 28 pp.)

2. Figures cover all material removed. (See
Ingham, G. R., and Barr, A. T., Mining Methods and 
Costs at New Cornelia Branch of Phelps Dodge Corp
oration, Ajo, Ariz.: Bureau of Mines Inf. Circ.
6666, 1932, 1? pp.)

3« Figures for ore mining with electric 
shovels only. (See Bureau of Mines Inf. Circ. 
6412, 1931, 28 pp.)

5. Included with drilling.
6. Shovel operation only.
?. Operating labor only.
8. Ore and waste.
9» For loading, haulage, and air compression.

10. For air compression and lighting.

Ore Loss by Open-Pit Methods

Open pit methods are susceptible to two minor ore 
losses, the first being thin edges of ore at the pit limits 
lost under thick overburden, and the second being ore left 
as a berm on each bench for the purpose of reducing the dan
ger from disasterous land slides. The open-pit method, 
however, permits the recovery of essentially all the ore 
within the pit limits.

Dilution

Dilution is practically non-existant within the open-
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pit limits "because of a very comprehensive ore control sys
tem. As each "bench is drilled for blasting, samples are 
taken which permit excellent separation of ore from waste.

Costs of Development for Production by Open-Pit Methods

As an example of the capital costs involved in the 
development of an ore body by open-pit methods, consider 
the following information as applied to a typical ore body.
At Morenci, after giving due consideration to all the com
plex problems involved, it was decided to exploit the large 
disseminated copper ore body on the basis of mining 2 5 ,0 0 0

tons of ore per day. In 1937 the estimated cost of strip-
13ping was $5,360,000 and of pit equipment, $5,930,000. 

Approximately $14,000,000 was estimated for treatment plants, 
railroad, housing and other necessary expenditures for pro
duction. Before the Morenci open-pit could be brought into 
production, World War II necessitated expansion of the mine 
to a daily capacity of 50,000 tons of ore. This expansion 
was accomplished by additional expenditures of $7,000,000
by the Phelps Dodge Corporation and $26,000,000 by the

14Defense Plant Corporation.

13, Prospectus of financial standing of Phelps Dodge 
Corporation in connection with offering of $20,285,000 
convertible 3&-percent debentures dated June 15, 1937; 
prospectus dated June 1, 1937♦

14. Cleland, R. G., A History of Phelps Dodge: Alfred
A. Knopf, Inc., p. 253, 1952.
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Climate

In areas of severe climatic conditions, open-pit min
ing has certain disadvantages not encountered in under
ground mining. In regions of heavy snowfall, underground 
mines offer better working conditions than are found in pits 
in the same region. Extreme cold also affects the daily 
operation of an open pit, since the water lines to the 
drills and other pit equipment have a tendency to freeze 
and thus disrupt operations. Heavy rain or snowfall offers 
an additional hazard to the pits because the weight of high 
snow banks or the greasing action of rain may cause danger
ous land slides. Even in semi-arid regions, abnormal rains 
tend to flood the pits and hinder mining operations. Open- 
pits in the semi-arid regions do not have the snow problem, 
but they are faced with extremely hot weather which sub
stantially lowers the efficiency of the outdoor worker.
Hot weather, in general, creates fewer problems than cold 
weather.

Tonography

Topography has a very important influence on the se
lection of an open-pit mining method. If rail haulage is to 
be used, it is largely responsible for determining the 
track system. Under certain conditions of topography, 
trucks might provide a cheaper method for moving ore and
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waste. Valleys within a mile or so of an open-pit are 
ideal for waste disposal. If the mine is located in flat 
terrain, lack of good waste disposal areas may make the 
open pit method uneconomical in some instances.

Continuity of Operations

Open-pit mining can very advantageously be used in in
termittent operations caused by economic conditions. Shut
down expenses are minimized in this method since there is 
little to deteriorate or to be kept in repair. Unlike 
underground methods, there are no workings that must be 
kept open, thus requiring continuous timbering and other 
maintenance work. Ore minerals mined by block-caving fre
quently oxidize to a more serious extent during cessation 
of mining operations than is the case with open-pit mining. 
Such oxidation affects the concentrator operation.

Availability of Capital for Equipping and Stripping- the 
Property

The capital required to bring an open-pit property in
to production depends upon the size of the property, but in 
any case, many millions of dollars are" required. In the 
past if the property looked sufficiently promising adequate 
capital could be obtained by stock issue. The tendency to- 

\ day is to secure capital by other means. The federal gov
ernment will advance capital or other considerations to



22

many potential producers of critical metals during times of 
national emergency.
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CHAPTER IV

SAMPLING AND ORE CONTROL 

Exploration

Exploratory work ranges from the samples broken from 
mineralized outcrops by a prospector to a comprehensive 
drilling program costing thousands of dollars and employ
ing drilling equipment such as churn-and diamond-drilling 
rigs. The object of exploring a property is to obtain as 
much accurate information as possible about the size, 
shape, average grade, tonnage, and geological character
istics of the particular ore body or mineralized zone.-

Much early information obtained by sampling a prospect 
is qualitative only because the samples cannot be taken to 
represent the whole ore body in this stage of exploration. 
Consider, for example, the case in which a prospector finds 
a mineralized vein and breaks samples from the richest por
tions of the outcrop. Analyses of these samples may indi
cate a very profitable future for the property but the in
dications may not be accurate because the samples do not 
represent the ore body.

The value of exploratory information is generally not 
realized by the prospector until he attempts to obtain
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capi'tal for additional exploration. Capital can be more 
easily obtained if a written record is kept showing the 
location of the prospect, a rough sketch outlining the out
crop, and a brief description showing where and how the"sam
ples were obtained. The assays of samples should naturally 
be included on the sketch.

Sampling consists of taking small portions of an ore 
body in such a manner that the average assay of all the por
tions is representative of the part of the ore body covered 
by the samples. The number of samples to be taken depends 
upon the accuracy required, value of the ore, type of ore 
body, and the purpose for which the sampling is done.

Before a mineralized prospect can be developed, it 
must first be explored. The first use of sampling in any 
mining venture is in the exploration stage. Samples taken 
during this period are used for roughly outlining the ore 
body to determine if the property is sufficiently promising 
to warrant the expenditure of additional capital for a more

15comprehensive exploration. If the tonnage and grade 
determined from the initial sampling are promising, drill 
holes are put down,in an attempt to outline additional ore.

Sampling is employed during the development stage to 
further delineate the ore body by filling in the blank spots

15. Jackson, C. F., and Knaebel, J. B., Sampling And 
Estimation Of Ore Deposits: U. S. Bureau of Mines Bulletin356, 1932, pp. 2-3.
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left in the exploration program. The final tonnage and 
grade estimates are made from the information thus obtained.

Sampling is also used to obtain detailed information 
to be used for ore control purposes. In the porphyry cop
per deposits, for example, a composite bench sample is gen
erally taken from each churn-drill blast-hole. The infor
mation thus obtained is used for separating ore and waste 
in the day to day operation of the mine.

Methods of Sampling

The methods commonly employed for sampling ore bodies 
which may be mined by the open-pit method include trenches, 
shafts, drifts, test pits, concentrator tests, churn-drill
ing and diamond-drilling programs. It frequently happens 
that a combination of these methods may be employed. At 
one open-pit property, the original sampling was done by 
diamond-drilling. In order to confirm the accuracy of the 
assays obtained by diamond-drilling, a series of test pits 
were excavated and the exposures sampled. A shaft was sunk 
on top of one of the drill-holes for further confirmation. 
Channel samples from the test pits and shaft were cut at 
5-foot intervals and the assays from these samples compared 
to those obtained by diamond-drilling.

A comparison was made at another property between the 
assays obtained by diamond-drilling and by churn-drilling.
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A diamond drill hole ras put down into the ore body and the 
core and sludge from each 5-foot section were assayed.
Upon completion of the drilling, the hole was filled with 
red cement. A churn drill was placed in position and a hole 
"spudded in" on top of the diamond drill hole. As long as 
the sludge was dyed red, the driller knew the churn drill 
was drilling material previously cored by the diamond drill. 
All the sludge from each 5-foot segment of the hole was 
caught in settling tubs and assayed. A comparison of the 
assays obtained by each method and other factors were used 
in determining which method would be used for sampling the 
given property.

The size and distribution of the mineral particles in 
the ore have an important influence on sampling procedure.
It is generally recognized that the smaller the size of the 
mineral grains and the more uniformly distributed the miner
alization, the smaller may be the sample and the greater

16the sample interval to obtain results of equal accuracy.
If the ore minerals are not of uniform grain size and 

if the mineralization is erratic, a confirmation of sampling 
accuracy may be obtained by concentrator tests. A concen
trator test consists of treating a large sample, possibly 
as much as 1,500 tons. Concentrator results are of great

16. Ibid, p. 4
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value for estimating the average grade of the portion of 
the ore body from which the sample was taken.

Use of Drills

, Porphyry copper deposits have generally been explored 
by churn or rotary type drills. The type used depends 
upon the nature of the material to be explored. If the 
ore does not core satisfactorily, lack of core recovery 
may necessitate the use of churn drills. In any case, a 
comparison should be made to determine the most accurate 
method to give the desired results. A further comparison 
should be made to determine the cost per foot of drill hole 
by each method. If the purpose of the exploration program 
is to determine the geological structure, the use of a core 
drill is indicated.

Recent churn drilling costs are not available: however, 
17Soderberg has discussed the cost of prospect drilling 

when contracted at Bingham Canyon, Utah in 1930 as follows:

Spudded in with 23-inch casing.
Elapsed time, 455 days.
Average progress per day, 3.23 feet.
Average drilling progress per day, 3.92 feet.

17. Soderberg, A., op. cit., p. 4
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Total footage drilled, 1,468.8.
Cost Per foot

Moving and setting-up drill:
Labor, power, and water
supply $ 1667.08 $1.14

Actual drilling:
Amount paid contractor plus
labor and supplies 1 9 5 7 8 .3 3 13*33

Casing hole:
Labor and supplies 4468.47 3*04

Sampling and assaying:
4867.55 2 .9 8

Total $30081.43 $20.49

Improvements in churn drilling equipment and proced
ure have resulted in considerable economies since the above 
described hole was drilled. The drilling rate is consider
ably faster, but is still a function of the material being 
drilled. An advance of 20 feet per shift in a 1000-foot 
churn drill hole being drilled by a BuCyrus Erie 29-T in 
medium hard monzonite is not uncommon. Drilling speeds 
for the shorter blast holes have increased to the point 
where it is now possible to average 80 to 85 feet of 9-x8inch churn drill hole per drilling shift.

18. Watts, J. R., Drilling and Blasting, Inspiration 
Consolidated Copper Company Open Pit: Open Pit Subdivision,
Arizona Section, American Institute of Mining and Metallur
gical Engineers, Tucson Meeting, Nov. 14, 1949, p. 1.
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The author could not find published costs of diamond 
drilling.

Sampling Churn Drill Holes

A churn-drill drives its ray through rock by pulver
izing the formation being drilled. The bit is raised and 
dropped so that the bit face pulverizes the material being 
drilled into sizes ranging from powder to particles of ■£- 
inch diameter. Water is added during the drilling opera
tion so that the cuttings can form a sludge and thus be 
washed away from the drilling surface. In churn-drill-hole 
sampling, the cuttings are brought to the surface and a 
sample cut from this material. The cuttings are removed 
from the hole by either a sand pump or by a bailer. A 
sand pump will remove the cuttings more thoroughly than a 
bailer of the Dart type because the construction of the 
valve is such that the lower foot of hole cannot be cleaned. 
In many of the porphyry copper mines, however, it has been 
found that the cuttings left in a hole by a bailer will not 
seriously affect sampling results.

Although more accurate sampling results can be obtain
ed if all the sludge from each drill-hole segment is trapped 
and thereby recovered before sampling, the recovery of the 
entire sludge would result in a large, bulky sample which 
would be awkward and costly to handle. Therefore, sample
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splitters are usually employed. At the Cananea open pit,
the ratio of sample to entire sludge passing through the

«  20splitter is 1 to 128. The New Cornelia open pit prac
tice takes 1 /1 6 of the cuttings as a sample.

Dart Bailer Empties 
Into Mixing Chamber

Steel Plate Welded 
Joint Construction

Splitter Throat

Sample Spout

Figure 1 . Samnle splitter used at the New Cornelia open 
pit.

19. Leonard, F. M., Ore Control And Churn Drill Pros
pecting At The Cananea Open-Pits: Open Pit Subdivision,
Arizona Section of the American Institute of Mining and 
Metallurgical Engineers, Tucson Meeting, Nov. 27, 1950.

20. Newett, J. W., Sampling And Ore Control At The
New Cornelia Mine, Ajo, Arizona: Open Pit Subdivision,
Arizona Section of the American Institute of Mining and 
Metallurgical Engineers, Tucson Meeting, Nov. 2 7 , 1950,
p • 3 •
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At some mining properties additional information is 
obtained by having the driller sort out some of the larger 
particles, approximately ^-inch diameter, during the bail
ing operation. These fragments are cleaned and mounted in 
proper sequence on a board showing the drill hole and sam
ple interval to scale. A glance at the sample board shows 
the depths at which the various rock formations were pierced 
by the drill and the nature of the respective formations.

21Causes of Inaccuracy

Any exploration program is practically worthless un
less extreme care is exercised to see that salting is kept 
to a minimum. The following precautions must be closely 
watched whenever samples are to be obtained from churn 
drilling:

Caving of the hole

A hole which has a tendency to cave should be cased 
as the casing keeps material from being dislodged from the 
walls by the drilling tools and thus salting samples taken 
at greater depth. If caving is anticipated, the hole should 
be started with an oversize bit to allow for one or more 
changes in bit size. The hole will be drilled as deep as

21. Jackson, C. F.,
15-17. and Knaebel, J.B., op. cit., pp.
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possible and cased; a smaller bit will then be used to 
continue the hole.

Segregation of heavy particles

If the heavy minerals, by segregating at the bottom 
of a hole, tend to give erroneous assays for subsequent 
samples, a sand pump must be employed for removing all the 
cuttings from each segment- of the hole. In many of the 
porphyry copper mines, however, it has been found that fail
ure to thoroughly clean the hole of cuttings has no appre
ciable salting effect on samples taken at greater depths 
and in such cases the Dart bailer is generally used.

Fractured ground

It is extremely difficult to churn-drill fractured 
ground since the drilling water tends to remain at the 
drilling face and form a cushion. Samples obtained from 
holes drilled in fractured ground must be questioned be
cause a portion of the sample obviously must have been lost 
in rock fissures. Sample and water loss can be minimized 
by drilling with a thick sludge. After the fractured area 
has been penetrated, this section of the hole should either 
be cased or cemented. Cement is forced into the hole under 
pressure and tends to fill the voids and fissures. The 
cement is allowed to set and then this section of the hole
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is redrilled with the cuttings being rejected.

Miscellaneous errors '

Some of the very fine material may be lost with the 
drilling water during the settling of solids from sludges. 
Where casing is used, failure to clean the hole between 
driving the casing and drilling the next section of hole 
may be a source of error. Loss of water soluble minerals 
might be another source of error. Poor laboratory tech
nique in drying the sample may cause oxidation of sulphide 
copper and lead to erroneous assays of sulphide copper.

Churn Drill Log

A churn drill log presents in a clear and concise man
ner as much drilling, geological, and assay information as 
possible. Drilling information is obtained from reports 
made in the field by the drill crew. These reports show 
the elevation of the drill deck, date the hole was started, 
coordinates of the hole, size of bit, length of casing used 
in the drilling operation, and sample interval. Operational 
information included in such a report consists of notes 
which describe the various factors which influenced drill
ing efficiency. These remarks show how much time was spent 
straightening the hole, fishing for bits, cementing fissured 
ground, and for other minor delays. In addition to the
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data mentioned, an experienced driller can record a great 
deal of geological information. By comparing drilling 
speeds in the various formations encountered, it is possi
ble for the driller to make an estimate of the relative de
gree of hardness of the various formations. The type of 
rock and the mineralization of the formations can generally 
be determined by inspecting small rock fragments brought to 
the surface during the bailing operation. Assay information 
is obtained from samples cut in the field by the drilling 
crew and analyzed by laboratory technicians. Samples from 
the copper mines are assayed for both total and soluble 
copper content. The assay reports are sent to the engineer
ing office where all information concerning each hole is 
entered on a permanent record form.

22Diamond Drilling

A diamond drilling rig consists of a boring column of 
jointed steel rods, core barrel, core lifter and lifter 
shell, bit, and a motor which rotates the boring column.
The machines commonly used for coring the porphyry copper 
deposits are of intermediate size and are driven by either 
gasoline or electric motors. A source of water must be 
provided since water is used to remove fine cuttings from

22. Jackson, C. F., and Knaebel, J. B., op. cit., pp.
32-35.
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the drilling face, thus preventing the bit from sticking. 
Sufficient volume of settling tanks should be available to 
permit settling of the sludge. The assays of sludges, 
after suitable weighting, are combined with those of the 
core for the given sections of the hole.

Early diamond drill bits were set with industrial 
diamonds usually referred to as "carbanados", but because 
of the high cost of good carbons, the recent trend has been 
toward the use of diamond chips.

Diamond drills have been used to explore several of
the large copper ore bodies. The preliminary exploration
at the New Cornelia property was done almost exclusively

23by diamond drilling. Whether or not diamond drills can 
be used on a particular property is largely determined by 
the nature of the rock and of the mineralization. Mater
ial which is fairly hard and is uniformly mineralized per
mits high recovery of core. Recovery of core tends to de
crease if the ore body has soft layers of rock intermixed 
with hard layers. In many instances, high mineral values 
tend to be concentrated in the softer seams which, because 
of reduced recovery of core in softer materials, tend to

2 3 . Ingham, G. R., and Barr, A. T., Mining Methods And 
Costs At The New Cornelia Branch, Phelps Dodge Corporation, 
Ajo, Arizona: U. S. Bureau of Mines Information Circular
6b6b, 1932, p. 4.
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make the sludge assays abnormally high as compared to the
24-core assays. At Bingham Canyon the wide variation be

tween the assays of core and sludge was so serious that 
diamond drilling was discontinued and churn drilling was 
used to explore the remainder of the property.

Diamond drilling, although usually more expensive 
than churn drilling, has several advantages which may off
set the cost differential. The principal advantages are 
that inclined as well as vertical holes can be drilled, 
and more geological information can be gained since the 
geologist is able to examine a larger portion of each for
mation cored.

The cost of diamond drilling an ore body found at 
considerable depth can be reduced by drilling several holes 
which have a common upper portion through the barren cap
ping. Whipstocks placed at the base of the barren capping 
deflect the drill in any desired direction. The use of a 
common upper portion of a hole reduces the expense of drill
ing the capping. This method is not employed for the dis
seminated copper deposits because such ore bodies are found 
too close to the surface of the earth to permit economical 
hole deflection.

All deep diamond drill holes should be surveyed to 
determine if the hole has been unintentionally deflected

24. Soderberg, A., op. cit., p. 3.
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from the vertical. Deflection is frequently noted in holes 
which are drilled through rock formations having uneven 
hardness; in areas having numerous slips, faults, and bed
ding planes; and in rock formations which have cavities 
and fissures. A hole which is drilled in a bedded forma
tion having a steep dip will generally be deflected normal 
to the bedding. Danger of hole deflection is reduced by 
using sharp bits, new core barrels, and a relatively slow 
speed of rotation with moderate pressure on the bit.

Common methods of surveying diamond drill holes in
clude determining the dip of the formation by the hydro
fluoric-acid-etch method and determining azimuth by having 
a compass needle floating in gelatin in a tube. Manufac
turers' manuals give additional information about methods 
used for the surveying of drill holes.

It is frequently possible to predict, on the basis of
past experience in a given formation, the amount a drill

25 .hole of given length will be deflected. With this in
formation it is possible to regulate the initial location 
and inclination of a hole so that the hole will bottom at 
approximately the correct location.

The position of the lower portion of a drill hole in

2 5 . White, E. E., Controlling Curvature of Diamond- 
Drill Holes: Engineering and Mining Journal, volume 90, 
1910, p. 546.
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non-homogeneous rock cannot be accurately predicted without 
the benefit of a survey. There is a definite possibility 
that serious errors could be made in tonnage and grade 
calculations if drill-hole data were accepted without ques
tion.

Samples

As stated previously, extreme care should be exercised 
in all sampling operations. If a mining company contracts 
its drilling requirements, the contractor is usually paid 
on a footage basis. With this plan there is a tendency 
for the drill crew to reduce the time and care expended on 
the sampling phase and to concentrate on making footage.
The drilling expense, however, has been wasted if the sam
ples obtained from the program are not representative of 
the material which has been cored.

If complete recovery of a uniform diameter core were 
possible, the core mechanically would represent a perfect 
sample and the sludge could be disregarded. The perfect 
case is never encountered since ores are composed of min
erals having different physical characteristics. During 
the drilling operation, the core will break along planes 
of weakness which usually coincide with the softer miner
alized seams. The seam material tends to pulverize and 
thereby tends to make the sludge assays higher than those
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of the core. Because complete recovery of a core of uni
form diameter is never obtained, some method must be de
vised to properly weight sludge and core in order to ob
tain a representative assay.

As in churn drilling, frequent sample inaccuracies 
have resulted from loss of water and fine cuttings in 
fractured ground. Small fractures are frequently closed

26by pumping bran, sawdust, manure, or cement into the hole. 
Large fractured areas may require casing or cementing under 
pressure.

It is essential that the diamond drill hole be water 
tight. Water flowing into fissures not only destroys 
accuracy, of sampling but also reduces the water velocity 
at the bottom of the hole. Reduced velocity of water per
mits the larger rock fragments to remain in the bottom of 
the hole.

Diamond Drill Log 
27A diamond drill log contains as much field, gedlogi 

cal, and assay data as possible. Field data include; the 
hole number and location, elevation of the collar of the

26. Peele, R., Mining Engineer’s Handbook: vol. 1,
chap. 9 , p. 5 1.

27. Jackson, C. F., and Knaebel, J. B., op. cit., pp. 36-41.
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hole, date the hole was started, daily record of footage 
drilled, core recovered, type of rock cored, bit size, 
amount of casing used, and an explanation of all operating 
delays.

Geological data show the number and direction of the 
hole, formations drilled, color of the sludge and core, 
recovery of sludge, mineralization, and all recognized 
structural features.

Assay information is obtained from laboratory records 
and includes assays of sludges and cores. This information 
is forwarded to the engineering office where the sludge and 
core assays are weighted, when necessary, to obtain a rep
resentative assay for the given drill-hole section.

The field, geological, and assay data are generally 
entered in one report which is kept in the engineering 
office for ready reference.

Sampling Procedure at Several Mines

The present sampling and ore control procedures in 
use at different mines have resulted from a number of 
different procedures which were tried and discarded in 
favor of new methods. Sampling procedure has been tremen
dously influenced by technological advances in the drilling 
field. A brief history of sampling and ore control at the
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Hew Cornelia open pit illustrates some of the changes 
which have taken place.

The first ore-control system at the New Cornelia open 
pit consisted of grab samples taken from each car just be
fore the ore was unloaded into the primary crusher. A 
combined sample of approximately 50 pounds per train was 
taken and sent to the assay laboratory where a copper deter
mination was made and the results were phoned to the mine 
and leaching plant within one hour of the taking of the 
sample. These grab samples were used primarily to indicate 
the trend of the values in the ore being mined. The super
visory staff was responsible for visually determining the 
cut-off between ore and waste. Chemical determinations 
of bank samples were used to locate questionable cut-off 
points.

The present ore-control system had its beginning in 
1 9 2 7. Air drills were being used for the breaking of 
ground since churn drills had not been sufficiently per
fected to warrant their use. The cuttings from every third 
or fourth hole were collected and assayed. Hole locations 
were determined by stadia, thus permitting the position of 
the hole to be accurately plotted on the pit map. During 
the latter part of 1 9 3 2, it was found that the grade of

28. Newett, J. W., op. cit., pp. 1-5
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ore as determined from air drill sampling was approximately
0 .1  per cent of copper lower than the grade obtained from 
sampling at the concentrator. Grab samples taken from the 
ore cars were discontinued in 1934.

The first churn-drills were installed in 1935 and had 
almost completely replaced air-drills for primary blast 
holes by 1 9 3 7. A comparison between the assays of churn 
drill and air drill cuttings indicated that more accurate 
results were obtained from churn-drill sludges. The wide
spread use of churn-drill-hole sampling has resulted in a 
decreased spread between mine and mill assays. The aver
age difference between mine and mill assays for 1945 to

29
1950 was only 0 .0 0 6 per cent of copper.

The samples at the present time at the Few Cornelia 
property consist almost entirely of churn-drill sludge 
samples. These samples are obtained from holes drilled at 
points specified by the engineering staff. Each hole is 
marked in the field by a stake which gives the drilling 
crew the hole number, sample depth, and hole depth.

29. I-Iewett, J. W., op. cit., p. 8 .
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CAe/r/j fisv// f/o/e.

Figure 2 . Sampling data at the New Cornelia open pit.

The churn drill is placed over the stake and leveled 
for drilling. A short length of casing may be used in the

iupper portion of the hole to prevent caving. Successful 
experiments with the use of cement to support the collars 
of churn drill holes have recently been made which resulted 
in saving the expense of purchasing and repairing churn 
drill c a s i n g . T h e  material of the upper 5 feet of each 
hole is generally discarded in sampling because of the shat
tered ground. The sludge which is formed by the mixing of 
drill cuttings and water is periodically removed from the 
hole by a Dart bailer which discharges the sludge into a 
sample cutter located on the deck of the drill. One-

30. Cratty. D. R.. Recent Changes In Drilling Practice 
At Ajo: Open Pit Subdivision, Arizona Section of the Amer
ican Institute of Mining and Metallurgical Engineers, 
Inspiration Meeting, May 7, 1951, P* 3*
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sixteenth of the material passing through the sample cutter 
drops into a tub while the reject is carried over the crest 
of the bank by a launder.

Extreme caution is exercised in cutting the sample.
The mixing chamber is always thoroughly cleaned after the 
sludge from each 5-foot section of a prospect hole has pass
ed through the cutter. The splitter throat must be watched 
to be sure that it does not become obstructed with rock 
fragments. At the conclusion of each sampling operation, 
the cutter should be thoroughly flushed with water and a 
clean tub placed under the sample spout. The tub should be 
leveled and carefully watched to prevent loss by overflow
ing. The sample tub should always be covered whenever there 
is any danger of contaminating the sample during normal 
operations, such as cleaning the cutter or washing down the 
deck of the drill.

J. W. Newett̂ "*" described the field and mill sampling 
procedures at the New Cornelia property in the following 
flow sheets:

31. Newett, J. W., op. cit., pp. 4-5.
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Figure 3• Churn drill blast hole sampling procedure, New 
Cornelia Mine.

Field Procedure

1 . Cuttings from Dart Bailer

2 . Churn Drill Sample Cutter (1/16 cut)

3• Sample Tub (40 to 100 lbs.)
15• Jones Splitter (1 inch opening) 

Successive passes
Ito reduce to a

4. Reject discarded

7. Check Sample or 
Reject, 50 per cent 
of tub sample.

_Any of the rejects
two-gallon size -------- Bottle sample in

| oxidized areas only.
6 . Two-gallon sample can (sample weighs 8 to 10 lbs. dry)

I.tagged and recorded.
a |

6 .Taken to Sample Mill
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Figure 4. Churn drill blast hole sampling procedure, New 
Cornelia Mine.

Samnle Mill Procedure

1 . Sample from field (8 to 10 pounds)
T2. Drying Pan
\3. Cone and Ring Type Sample Crusher
}4. Jones Splitter (1 inch opening) (8 to 10 pounds, 50 per 

cent through 20-mesh)
f5. Jones Splitter. 0&-inch opening) (2 or 3 passes)

Reject

f R e j e c t  
6 . Pulverizer (75 per cent minus 

100 mesh) (1 .0  to 0 .5  lb.)
I7• Rubber Mixing Cloth (turned 35 times)

8 . Sacked for Assay Laboratory
I9• Assayed and Reject stored for 30 days
Y10. To discard
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The sampling procedure at the Cananea open pit is 
similar to that employed at the New Cornelia mine. Most 
of the ore control information is based on churn drill 
sludge samples, with occasional grab samples of marginal 
ores being taken as an additional check.

The sample splitter is mounted on the drill deck and 
cuts out 1 /1 2 8 part of the sludge passing through the split
ter. The sample is carried by a spout to a 15-gallon 
capacity drum placed beneath the cutter. The reject is de
posited on the ground to the rear of the drill at a dis
tance great enough so that none of the reject can splash 
into the sample container.

The 15-gallon sludge sample is reduced to approximately 
one gallon by making the required number of cuts with a 
Jones type splitter. This sample is then sent to the lab
oratory, assayed, and the assay results assigned to the 
proper churn drill hole on the bench assay map.

Holes which are deeper than 40 to 50 feet are sampled 
in two steps. The upper half of the hole is sampled, the 
sample cut to one gallon, and assayed. The lower section 
of the hole is treated in a similar manner. The assay val
ues of each section of hole are then weighted into an assay 
for the entire hole. The above described procedure was 
adopted because it was found that the sample from a hole

32

32. Leonard, F. M ., op. cit., pp. 1-2.
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of greater depth than 60 feet would produce more sludge 
than a 15-gallon capacity container could hold. Prior to 
the adoption of double sampling, the drillers had a tend
ency to be careless and permit occasional loss of sample 
due to overflowing. It was not desirable to increase the 
size of the sample container; therefore, long holes.were 
broken up into two samples as each sludge could be easily 
held by the standard container.

33The sampling procedure in use at the Inspiration , 
open pit is different than that employed at either Ajo or 
Cananea since the operation itself is different. The 
Inspiration ore is treated by a leaching process which re
quires very close ore control because metallurgical re
covery depends upon the proportion of sulphide to oxide 
copper content. It has been found that the best metallur
gical results are obtained if the ore is mixed to a pro
portion of 40 per cent of oxide and 60 per cent of sulphide. 
The problem is further complicated by the necessity of mix
ing underground and open pit ores in such a manner as to 
maintain the proper oxide to sulphide relationship and still 
maintain the correct copper content in the material to be

33. Carne, J. L., Sampling And Assaying, Inspiration Consolidated Copper Company: Open Pit Subdivision, ArizonaSection of the American Institute of Mining and Metallurgical Engineers, Inspiration Meeting, May 7, 1951, pp. 1-3*
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leached.
Sampling of open pit material involves four separate 

operations: churn drill hole samples, tripper samples,
grab samples from the waste dumps, and bench grab samples.

The churn drill samples are the most accurate samples 
taken at this property, so naturally greater weight is 
given to assays obtained by this method. Benches at Inspi
ration are 50 feet high and all blast holes are drilled 
approximately 5 to 6 feet below the bench grade; however, 
only the upper section of 50 feet is sampled since the low
er section of 5 to 6 feet is not mined in the bench being 
drilled. One composite sample is taken from each 50-foot 
blast hole. The sample is obtained by passing the sludge 
removed during drilling through a cutter which removes 
1/100 part as a sample. This sample is further reduced in 
size by a Jones splitter until a sludge sample of one gal
lon is obtained. The final sludge sample is assayed for 
total and oxide copper contents.

Tripper samples are taken to provide a day-to-day ore 
control confirmation. These samples are grab samples taken 
at 30-minute intervals from the discharge chutes of the 
tripper after the ore has passed the primary crusher. Grab 
samples obtained in this manner are not accurate samples 
but do give comparative values. Assays of tripper samples 
are given to the pit foreman within 24 hours so that he can
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compare the assays of the previous working day with the 
churn drill assays for the areas involved.

A confirmation of waste material deposited on the 
various dumps is obtained by having truck spotters take a 
grab sample from every fifth truck. The sample is obtain
ed by using a shovel to catch some of the material dis
charged from the truck during unloading. All of the grab 
samples for each 2^-hour period are combined into one com
posite sample. These samples are assayed and the results 
compared with the churn drill assays for the area from 
which the waste was removed. The comparison between the 
results obtained by the two sampling methods has been very 
close.

Wagon drills and jackhammers are sometimes used to 
drill hard bottoms and straighten bench irregularities. 
Samples are not taken during such drilling so that if the 
grade of material blasted by,this method is to be deter
mined, it must be done by means of grab sampling. Grab 
samples are also taken of muck piles to confirm the judg
ment of supervisory personnel in determining ore and waste 
in marginal material. Grab samples are also taken in areas 
where churn drill assays are believed to have been salted 
by small, high grade stringers.

Ore Control

Ore control is an extremely important function in
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open pit mining. Without a satisfactory system or ore con
trol, it would be very difficult to separate the ore from 
the waste, maintain the desired grade of ore, mix the var
ious grades of ore to maintain the desired copper content 
for metallurgical treatment, remain within the limits im
posed by the iron to copper ratio or the oxide to sulphide 
copper ratio as the case may be, and mine refractory ores, 
with minimum detrimental effect on metallurgical results.

The present ore control'procedure at the New Cornelia
34-mine has been described by J. W. Newett:

Between the time that a row of holes is 
drilled and blasted, the holes are located with 
a transit and the positions with corresponding 
assays plotted on a monthly pit map from which 
the daily ore estimates are made.

By following the Ore Control Engineer 
through a days work, we will be able to visual
ize the mechanics of the daily estimating and 
ore and waste loading control procedure.

The Ore Control Engineer works during the 
day shift only, his first job in the morning is 
to acquaint himself with the work that has tran
spired during the past three shifts. He does 
this by examining the mine shovel reports cover
ing that period and by a short discussion with 
the General Mine Foreman. Then as soon as possi
ble he visits all shovels, noting their exact lo
cations, the hardness, size and geological char
acteristics of the material each is mining. The 
shovel locations are determined by comparing the 
position of the shovels with the track station
ing on their respective loading tracks. Track 
stationing is kept up to date by the field engi-

34. Newett, J. W., op. cit., pp. 5-7*



neers for just such convenience.
Upon completing the field examination of the 

shovels, the Ore Control Engineer plots the shovel 
positions on his pit map and proceeds to compile 
the data for the Daily Mine Report. The grade 
of material mined by each shovel is determined 
by averaging the blast hole assays that control 
the material through which the shovel worked dur
ing the past 24 hours. In a normal bank; the dis
tance between rows of holes is 44 feet, spacing 
between holes 30 feet and the height of the bank 
40 feet. Each blast hole assay will control 4200 
tons of material. Under such conditions and un
less the ends of blasts are being considered, not 
less than the average grade of two holes is used 
to indicate grade of ore. Where greater.;;spacing 
of holes is used, one hole segregation is allow
able. Tonnages are figured by applying a car fac
tor to the number of cars mined by each shovel.

The Daily Mine Report when completed gives 
the following information:

Pit map coordinates of daily shovel positions. 
Grade and tonnage mined by each shovel during 
the past- 24 hours.
Grade and tonnage mined by each shovel for 
the month to-date.
Accumulative totals.of all material mined 
and the grades.
Hardness and size of material at each shovel. 
Geological characteristics of material at 
each shovel.
The Ore Control Engineer then prepares an 

estimate for the General Mine Foreman which shows 
physical and geological characteristics and average grade of ore ahead of each shovel for three 
shifts. This information aids the General Mine 
Foreman in working up his shovel schedule for the 
immediate future.

For convenience of the mine operating per
sonnel, the Ore Control Engineer places targets, 
in full view, outside of the bench tracks, mark
ing the points of cut off between ore and waste.

The targets consist of a six inch disc weld
ed to a three foot ^--inch rod with an inverted U
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shaped prong at the lower end to help stabilize 
the target when it is in place. On one side of 
the disc the black letter W is painted on a 
white-background; on the other side is the black 
letter 0 on an orange background, designating 
waste and ore. Scotchlite is placed on the 
letters to make them more visible during the 
hours of darkness.

Blast hole assays and track stationing on 
the pit map supply the locations of the cut offs. 
These are noted in the office then located in the 
field and the targets placed in position.

The ore control system in use at the Cananea open pit
35was discussed briefly by F. M. Leonard:

Ore control at the Cananea Pits:!is based 
almost entirely on samples taken from Churn 
Drill hole sludges. Occasionally, grab samples 
of marginal ore are taken as an additional check, 
but practice over a period of years has proven 
the reliability of the Churn Drill sludge sam
pling method.

Single row blasting is used exclusively at 
Cananea. A cut-off of 0.6$ copper is used to 
differentiate between ore and waste. In comput
ing the grade of a Churn Drill.Blast, the values 
of the holes to be blasted are averaged with the 
grades of the holes in the row directly ahead, 
in order to obtain the average grade assigned to 
the blast. Tonnages are computed for each blast 
and accumulative daily totals of grade and ton
nage are kept for each monthly period.

Ore and waste markers are placed on the 
bench crest immediately after the blast and in 
full view of the shovel operator. The shift 
foremen supervise the removal of ore and waste 
and are responsible for the segregation based 
upon the location of the markers.

35- Leonard, F. M., op. cit., pp. 1-3.



Churn Drill prospecting is used to advan
tage to more closely delineate ore fringes dur
ing the initial stripping operations. This 
permits the already established final lines to 
be moved within reasonable limits before the 
waste removal has proceeded to an advanced stage. 
As the access roads establishing the benches are 
completed, and long before stripping actually 
starts, churn drills can be easily moved in and 
prospect holes drilled which give, in many in
stances, valuable additional ore control in
formation. Since the terrain is extremely 
rugged, it would entail considerable additional 
expense to secure this data by diamond drilling, 
before the access roads have been established. 
Furthermore, a considerable cost differential 
exists in favor of churn drilling, and the re
sults obtained have proven satisfactory.

It can be said here that the importance and 
desirability of an initial diamond drilling pro
gram should not be minimized. At Cananea, where 
100% core recovery is frequent, the structural 
studies as well as the assays of the core and 
sludge are an important factor in ore control.

Prospect churn drill holes being drilled 
at the present time rarely exceed 600 feet in 
depth and are easily drilled with 42 T Bucyrus 
Erie blast hole drills. Revision of ore out
lines resulting from such information has appreci 
ably improved the final ore to waste ratio. In 
one instance a considerable amount of ore was 
made available which had been overlooked en
tirely in the original estimates through lack 
of sufficient information.

Once ore removal has begun in the Pit oc
casional prospect holes are drilled from the 
floors of the working benches to approximately 
50 feet below the calculated pit bottom. The 
location of such holes depends on major varia
tions in predicted bench ore outlines based on 
the initial prospecting program. A closer ore 
control can be kept in this way as the pit 
development proceeds.
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CHAPTER V

ESTIMATION OF ORE RESERVES

Estimates of ore reserves are based upon samples 
obtained from exploration and development drilling, test 
pits, and samples cut from underground workings which enter 
the ore body. The samples used in the calculations of ton
nages and grades are generally obtained from an exploratory 
drilling program which approximately outlines an ore body 
concealed by various thicknesses of overlying capping.
Since the ore is not exposed, certain assumptions must be 
made regarding the continuity and grade of ore between ad
jacent samples. The skill with which the data involving 
the assay and sample intervals is interpreted determines 
the accuracy of the final results. It should also be men
tioned that the accuracy of the final results depends upon • 
the skill and care employed in obtaining the samples which 
form the basis for the calculations. If the samples were 
salted, all calculations based on this erroneous data would 
be worthless.

When properly interpreted, geological data frequently 
give additional information about possible ore extensions, 
thus permitting more nearly accurate estimates. Since so
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many of the factors involved in the estimates of grade and 
tonnage cannot be precisely determined, it is readily ap
parent that the end results are not precise values. If the 
deposit being calculated is in a developed mining district, 
it may be possible to employ certain rules regarding ore 
extensions such as a distance of one half the spacing of 
the drill holes which have been found satisfactory for the 
given district.

Methods of Estimation

The methods used for the estimation of ore reserves 
vary with the deposit and with the methods by which the 
deposits are explored and sampled. Some of the more com
mon methods include the use of horizontal and vertical sec
tions through the ore body, average depth and area pro
cedure, and the triangular or polygonal prism methods.
The estimation of ore reserves in the southwest has been 
and is now primarily accomplished by the polygonal prism 
method although the triangular prism method is used to a 
limited extent.

36Cross-section Method

If the exploratory drilling has been done on a reg-

3 6 . Jackson, C. F., and Knaebel, J. B., op. cit., pp. 
Il6—117•
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ular pattern, as at the corners of 200-foot squares, the 
vertical sections will be arranged so they pass through 
lines of drill holes if possible. The drill holes will be 
projected on the appropriate sections along with the assays 
of the various samples. Cross-sections are generally 
either vertical or horizontal, the vertical ones usually 
being placed at right angles to the long axis of the de
posit. The accuracy of estimates based on the cross- 
section method depends partially upon the distance between 
adjacent sections. Accuracy increases as the distance be
tween adjacent sections decreases, longitudinal as well as 
transverse sections are frequently made and the results 
from these sets compared for accuracy.

Estimates of tonnage and grade of ore well within the 
limits of accuracy imposed by the sampling procedure and 
the continuity of grade assumptions between adjacent holes 
can be obtained by determining the average area of two ad
jacent parallel sections of similar outline and then multi
plying this value by the distance between the sections.

V = H(Ai f A2 )
2

and Ag are the section areas
H represents the distance between sections
V represents the volume in cubic feet
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The calculations for a number of equidistant spaced 
sections can be simplified by using the "end-area" formula:

V s iH(A1 + 2A2 4 2A^ 4 2A/j. 4 ---- 4 A^)

The "end-area" formula assumes that the mid area is equal 
to one half the sum of the section areas. This condition 
is never realized in actual practice, but the results ob
tained by the "end-area" formula are a close enough approxi
mation for many purposes.

The prismoidal formula gives more accurate results for 
ore bodies of irregular shapes where adjacent sections show 
considerable difference in shape.

V = H(A1 4 4M 4 A2 )

V represents volume of the block
H is the distance between sections 
A^ and A2 are the areas of the sections 
M is the area of a parallel section midway 
between the end sections

Cross-sections are generally drawn on coordinated de
tail paper. The section areas are then determined with a 
planimeter or less frequently, by counting squares. The mid 
section, M, is plotted by interpolating points between the 
end sections. Longitudinal sections at right angles to the 
cross-sections are frequently drawn to facilitate the con
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struction of the mid'section.
A mining property drilled on a 50 to 100 foot grid 

system might have its tonnage estimated by the prismoidal 
method with each alternate section being an end area and 
the intervening sections being mid areas.

■}7Average Depth and Area Method

The deposits for the simplest calculation of volume 
are those which are flat and of uniform thickness. De
posits of this type are sometimes found in the sedimentary 
iron ore regions. The volume calculation consists of meas
uring the area of the block with a planimeter and determin
ing the average thickness of the body by drilling.

38Polygonal and Triangular Prism Methods

Many of the large copper deposits are explored by churn 
drill and diamond drill holes. Occasionally a regular drill
ing pattern is followed, but an irregular pattern seems to 
be the more general case. A common method of determining 
the volume of a deposit of large area and of irregular thick
ness explored by vertical holes, is to plot the holes in

37. Jackson, C. F., and Hedges, J. H., Metal Mining
Practice: U. S. Bureau of Mines Bulletin 419, 1939> P» 6l.

38. Ibid.
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plan and divide the area into triangles, squares, or poly
gons. Each of these subdivisions represents a prism of ore 
extending from the surface to the bottom of the deposit, or 
from the crest to the toe of the various benches, depending 
upon the system used. The prism volume is determined by 
multiplying the area of the prism by its altitude. True 
volumes will be obtained only if the top and bottom prism 
surfaces are parallel. Greater accuracy can be obtained by 
decreasing the distance between adjacent holes. The volume 
of the deposit is the summation of the individual prism 
volumes.

Treatment of Erratic High Assays

In making up assay maps of the different levels of a 
mine, it is frequently found that assays are encountered 
which are extremely high when compared to surrounding holes. 
These erratic high assays require special treatment before 
they can be used in the computation of average grade. A 
systematic ::''.recurrence of high assays may lead to the dis
covery of a fracture pattern whose fissures are more highly 
mineralized than the surrounding ore. Experience has shown 
that if erratic high assays are taken at face value, the 
resulting grade computation will generally be too high. 
Although no mathematically sound reason is available for 
the decreasing of high assays, experience has indicated
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that the substitution of the average assay of adjacent 
samples is satisfactory practice in many disseminated ore 
bodies.

Estimates of Tonnage of Ore

The first step in any calculation of tonnage of ore is 
the determination of the volume of the deposit, the next 
step being the conversion of volume into tonnage. Volume 
of ore in cubic feet can be changed into tons of ore by 
dividing the volume by a tonnage factor uhich represents 
the cubic feet per ton of ore. Tonnage factors vary with 
different ores because the factors are dependent on the 
specific gravity of the mineral constituents, proportions 
of the various minerals, porosity, and water content. Ton
nage factors for disseminated ores of copper in place are 
generally between 11 and 13.

39Tonnage Factor

A tonnage factor may be determined by making an ex
cavation in the ore body and weighing the excavated mater
ial immediately so that the broken ore has no opportunity 
to lose moisture content. The excavation is then painted 
with oil or grease and filled with some material such as

39. Parks, R. D., Examination and Valuation of Mineral
Property: Addison-Wesley Press Inc., 194-9. pp. 107-108.
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plaster of Paris♦ The volume of the excavated material 
can be found by removing the plaster cast and coating it 
with paraffin to minimize adsorption of water. The cast 
is then placed in a vessel filled with water. The water 
displaced by the cast is a measure of the volume of ore 
removed from the excavation. The weight per cubic foot can 
be calculated when the volume and weight of the ore are 
known.

Tonnage factor determinations are made at several 
points throughout an open pit mine. If all the determina
tions are in fairly close agreement, a composite factor 
will be used for the entire ore body. Frequently, however, 
it will be found that tonnage factors for different levels 
or sections of the mine do not agree. This condition neces
sitates separate factors for different sections of the mine.

Tonnage factors may also be determined by actually 
weighing the ore extracted from an accurately measured ex
cavation, or by applying an experience factor derived from 
engineers' measurements and actual shipments over a consid
erable period of time.

Computation of Grade of Ore 

40Jackson and Hedges discussed possible preliminary

^  ̂ 40. Jackson, C. F., and Hedges, J. H., op. cit., pp.



calculations of assays as follows:

As previously indicated, the accuracy of 
ore-grade estimates will depend on the accuracy 
of the samples, the accuracy in assaying, the 
method of combining and weighting the different 
samples, and the estimator's judgment.

It has been shown that individual samples 
may be relatively inaccurate, but the weighted 
average of a large number may closely approxi
mate the actual grade of the ore. Accuracy in 
assaying may be achieved with care and correct 
laboratory technique. The proper combining and 
weighting of sample assays may require consider
able thought, and correct mathematical principles 
should be employed, at least up to the point 
where the mathematical precision equals the 
accuracy of the data upon which the calculations 
are based.

Sometimes it may be necessary, before com
bining and averaging the assay values of the 
different samples, to make some preliminary 
computations. This applies particularly where 
the samples have been obtained by core drills, 
if the core recovery is incomplete, or if there 
is an appreciable difference between core and 
sludge assays. In such instances it becomes 
necessary to average the assays of core and of 
sludge and in doing so to assign proper weight to 
the value of each. In weighting, certain 
assumptions must be made, and therefore the re
sults will not be precise. It it is assumed 
that the hole and core are uniform in diameter 
over the length of the sample, that there have 
been no additions of material by caving in the 
upper portions of the hole, and that all of the 
cuttings (sludge) have been caught, simple 
arithmetical calculations can be made. In such 
a case the cuttings will represent all that part 
of the material removed that is not core, and 
the weights assigned to core and sludge assays 
will be proportional to their respective masses. 
The relative masses have been calculated for 
standard sizes of diamond-drill bits and differ
ent lengths of core recovery from a 5-foot hole 
and tabulated. Table 2 has been prepared by 
the E. J. Longyear Co. It is seen that even with
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complete core recovery the mass of the cuttings 
is greater than that of the core when the smaller 
bits are used.

Table 2. Percentages of volumes of core and cuttings in a 
5-foot diamond-drill sample for each inch of core 
recovered, to be used as multipliers in combining 
analyses of core and cuttings.

Inches 
of Core

EX1 AX2 BX3 NX4
Core Cut

tings
Core Cut

tings
Core Cut

tings
Core Cut

tings
1 0.6 99.8 0.6 99.4 0.8 99.2 0.9 99.12 1.2 98.8 1.2 98.8 1.6 98.4 1.7 98.3
3 1.8 98.2 1.8 98.2 2.4 97.6 2.6 97.44 2.4 97.6 . 2.4 97.6 3.2 96.8 3.4 96.6
5 3.0 97.0 3.0 97.0 4.0 96.0 4.3 95.76 3.5 96.5 3.6 96.4 4.8 95.2 5.1 94.9
7 4.1 95.9 4.2 95.8 5.6 94.4 6.0 94.0
8 4.7 95.3 4.8 95.2 6.4 93.6 6.8 93.2
9 5-3 94.7 5.4 94.6 7.2 92.8 7.7 92.310 5-9 94.1 6.0 94.0 8.0 92.0 8.5 91.5

46 27.2 72.8 27.6 72.4 36.8 63.2 39.3 60.7
47 27.8 72.2 28.2 71.8 37.6 62.4 40.1 59.9
48 28.4 71.6 2 8 .8 71 .2 38.4 6 1 .6 41.0 59.0
49 2 9 .0 71.0 29.4 70.6 39-3 6 0 .7 41.8 58.2

1. Approximate diameter of hole, 1̂ - inches; 
approximate diameter of core, 7/8 inch.

2. Approximate diameter of hole, 1 7/8 inches; 
approximate diameter of core, 1 1/8 inches.

3. Approximate diameter of hole, 2 3/8 inches; 
approximate diameter of core, 1 5/8 inches.

4. Approximate diameter of hole, 3 inches; 
approximate diameter of core, 2 1/8 inches.



When the core from a given section or "pull" 
is broken into a number of pieces it may not be 
possible to measure accurately the length of core 
recovered. As a check against the measurement, 
the core may be weighed, and this weight divided 
by the weight per inch of a core of the same 
diameter (calculated or determined from actual 
weighing) will give the equivalent length of core 
recovery. The method of using the table may be 
illustrated by a hypothetical example. Assume a 
5-foot section of EX diameter hole, 48 inches of 
core, a core assay of 3»0 percent copper, and a 
sludge assay of 3*6 percent copper. The core 
assay would receive a weight of 28.4 and that of 
the sludge 71.6. The calculation then becomes:

Average Assay = 1 (28.4 x 3*0 + 71*6 x 3*6)
100

= 3*43 percent copper

If a portion of the cuttings is lost or 
other material is added from above a section of 
the hole under consideration, or if the hole is 
larger in diameter in softer portions of drill
hole section than in the harder sections, the 
weightings indicated by the table will not give 
correct average values when there is considerable 
difference between the assay-values of core and 
cuttings.

In actual practice complete sludge recovery, 
entire absence of salting by caving, and holes of 
uniform diameter probably are the exception 
rather than the rule. These conditions, however, 
may be approximated in many instances so that no 
serious error is introduced by employing the 
proportional-volume method of combining sludge 
and core assays.

Where there is considerable deviation from 
these ideal conditions, the estimator must use 
his judgment in combining core and sludge assays.
At some mines it is the practice to disregard the 
sludge entirely, in others to apply a factor to 
the assays of core or sludge, or a combination 
of both, this factor being based upon experience 
already gained with the particular ore in question.
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A serious error may be introduced in some 
cases if sludge assays are ignored. For example, 
consider an ore composed of alternate hard and 
soft layers, in which the soft layers contain a 
considerably higher percentage of valuable min
eral than do the hard layers. In this instance, 
the core usually will be of smaller diameter and 
the outside diameter of the hole will be larger 
in the soft layers than,in the harder layers. 
There will then be too small a proportion of the 
high-grade material in the core and too large a 
proportion in the sludge.

The procedure after the preparation of suitable assay 
maps.is the weighting of the individual assays to determine 
the average grade of the various blocks of ore. The final 
step is the determination of average grade for the entire 
ore body.

Example Illustrating the Polygonal Method

The construction of a map for the polygonal method 
consists of drawing rays from each drill hole to the adja
cent holes. Perpendiculars are then constructed at the mid 
point of each of these rays. The resulting area of influ
ence of each sample consists of a polygon bounded mid-point 
to all surrounding samples. The average grade of the ore 
of each hole can then be found by taking the sum of the 
assay-foot products and dividing it by the total length of 
the drill hole. The average grade of the ore for the en
tire deposit can be computed by adding the volume-assay 
product for each of the holes and dividing this sum by the
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total volume of the deposit.-
Figure 5 illustrates the polygonal method of deter- . 

mining average grade of a deposit.

Figure 5- Assay map of a portion of a 40-foot level.

The polygonal prism method is further explained by the 
calculation which follows:
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Table 3• Calculations for the polygonal prism method.
Hole No. 9

Length of Hole, Assay, Foot-Assay
Feet Per cent Copper Product
5 0.74 3.70
5 0.83 4.15
5 0.85 4.255 0.67 3.35
5 0.65 3.255 0.77 3.855 0.81 4.055 0.93 4.65

40 31.25

Average grade for hole = 31.25
40

= O .7 8 per cent of copper.

Referring to Figure 5> the area of the polygon 
(ABCDEF) is found by planimetering to be 32,850 sq. ft.
The volume of ore influenced by Hole No. 9 is 32,850 x 40' ■ 
1,314,000 cu. ft.

The average grade of ore as influenced by holes 8, 9,
10, and 11 is determined in the following manner.
Table 4. Calculations for the polygonal prism method. 

Continued.
Drill Hole 

No.
Volume of Prism, 

Cu. Ft.
Assay,

Per cent Copper
Volume-Assa}

Product
8 986.500 0.83 818,795
9 1.314.000 0.78 1.024.920

10 8 1 7 .2 5 0 0.69 775.413
11 886.300 0.90 792,270

4.052.050 3.411.398
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Average grade of ore = 
of copper.

^ 411.398 - 0.84 per cent 
4,052,050

If the tonnage factor is 12.5, the tons of ore blocked
out by holes 8, 9, 10, and 11 is 4,052.050 = 324,164.

12.5

The polygonal and triangular methods have been used
41for tonnage and grade computations at the Hew Cornelia 

mine. At this property, horizontal sections at intervals 
of 25 feet were made, and drill holes were plotted on the 
sections which they pierced. Drill holes were sampled at 
5-foot intervals and the assays for each 25-foot drill seg
ment were weighted to obtain a representative assay for the 
given hole and given horizontal section. Ore and pit limits 
were drawn on the horizontal sections and the polygonal area 
of influence for each hole was measured by a planimeter set 
to read tonnages direct. The average grade for each level 
was found by multiplying the tonnage attributed to each 
hole by the weighted assay for the hole; adding the prod
ucts for a given level and dividing this sum by the total 
level tonnage gave the average grade for the level. A 
similar calculation was made using the tonnages and grades 
of the various levels in determining the total open pit 
tonnage and grade. A tonnage factor of 12.5 for ore in

41. Ingham, G. R., and Barr, A. T., op. cit., p. 6
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place was used in converting volumes to tonnages.
The triangular prism method was used in one sector of 

the pit which dips steeply to the south and southeast due 
to faulting.

Triangular Prism Method

The following discussion which illustrates the tri
angular prism method of estimating ore reserves at Bishee

42has been summarized from a .paper by Prouty and Green:
An assay log showing the position and the grade of 

each sample was kept for each prospect hole in the pit. 
The ore in each hole-was classified according to gradenas 
follows:

Table 5* Classification of ore and waste by assays.
Class of Ore Copper, Per cent

S PlusE to 1.7?
C 1.75 to 1.3
P 1.3 to 1.0T, 1.0 to 0.8
P 0.5 to 0.08

Strip 0.08 to 0.00

Vertical cross-sections of the ore body were made in both

42. Prouty, R. W., and Green, R. T., Methods of Sampl
ing and Estimating Ore in Underground and Steam-shovel 
Mines of Copper Queen Branch, Phelps Dodge Corporation: 
Transactions of the American Institute of Mining and Met
allurgical Engineers, vol. 72, 192?, pp. 6 36-6 3 9.
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east-west and north-south directions and the sections gen
erally passed through drill hole lines. If a hole did not 
exactly intersect a section, it was projected onto the sec
tion and the distance and direction of projection were noted. 
The various sections were used to outline the general size 
and shape of the ore body, and to determine the relation
ships existing between the various grades of ore and be
tween the ore and waste.

In the application of the triangular prism method for
the estimation of ore tonnage, a 50-foot scale map was
drawn which shoved both pit and exploration churn drill
holes in plan. The churn drill holes were connected by a
series of straight lines forming triangles having apices at
drill holes. The whole ore body was thus divided into a
series of triangular prisms. Ore reserves were calculated
from the volume of the prism and the data of each hole.
The data involved in the log of a hole follow for purposes

43of illustration:

43. Ibid, p. 637.
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Table 6. Data of Hole Ho. 16.

Elevation of collar, 54-58 ft., depth, 555 ft. 
Depth to be stripped, 400 ft. ____________

Data , Comnutations
(a)

Depth, Class Copper, Class Thickness, Copper Assay-
Feet of ma- Per of ma- Feet Per Feet

terial cent terial cent
160 Strip S 50 5-99 299.50
50 S 5.99 30 5.78 178.40
15 E 2.80 .80 472.90
30 S 5.78
40 E 2.32 E 15 2.80 42.00
10 G 1.43 40 2 .3 2 92.80
25 L 0.86 15 2.13 31.95
15 F 1 .1 6 70 166.75
15 E 2.13
5 F 1.21 G 10 1.43 14.30

15 P 0.43 15 • 1.42 21.30
15

r f
G 1.42

0.80 25 35.60
5 L

45 P F 15 1 .1 6 17.40
5 L 0.80 5 1.21 6.05

85 P 20 23.45
5 F 1.00

JL5 P L 25 0.86 2 1 .5 0
5 0.80 4.00

555 30 25.50
P 15 0.43 6.45

Strip 160

a. Classes of material identified in Table 5*

44The calculation of tonnage and grade for prism 143 
is shown below. It should be noted that each churn drill

44. Prouty, R. W., and Green, R. T., op. cit., p. 638
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hole is numbered for ready reference and that the latitude 
and departure of each hole has been.determined. The prism 
area can be found by planimetering, by measuring the base 
and altitude of the triangle, or by the double meridian 
distance method. Planimetering and scaling, however, are 
the most common methods.

Table 7* Data for calculating the area of prism 143.
Prism
Number

Hole
Number

Latitude Departure

14% E 2^ 9359 7002
E 24 9331 7098
S 25 9263 6974

From the data of Table 7, Figure 6 v/as plotted.

Figure 6. Determination of area of prism 143.

The area of the triangular prism was found by plan 
imetering to be 5000 square feet.



Table 8. Data for calculating average thickness and 
average assay-foot product.

(a)
Class of 
Material

Thickness,
Feet

(b)
Assay-Foot
Product

(c)
Average
Thickness,
Feet

(c)
Average
Assay-Foot
Product

S 15 138.90
5 30.50

20 169.40 6.67 56.47
E 35 87.60

10 2.0.85
45 IO8 .4 5 15.00 3 6 .1 5

G 15 23.90
15 22.85
30 46.75 10.00 15.48

F 30 34.80
20 21.5540 43.35
90 99.70 30.00 33.23

L 30 26.20
70 56.3540 35.70

140 118.35 46.67 39.45
P 100 58.5020 13.00

150 90.45
270 1 6 1 .9 5 53.98 55.00

Strip 55
9 0
20 -
165 55.00

a. Classes of material based on Table
b. See table 3 for method of determining Assay 

Foot Product.
c . Average based on three drill holes
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Table 9* Volume and volume-assay product data for prism 
143-

Class of 
Material

Volume, 
Cubic Feet

Volume-Assay
Product

S 33.350 ' 282.350
E 75.000 180.750
G 50.000 . 77.900
F 150.000 166.150
L 233.350 197.250
P 450.000 269.900

Strip 275.000

From the above tables the following computations have 
been made:

Volume in cubic feet = Average thickness in feet x 
area of prism in square feet.

Volume-Assay Product = Average assay-foot product x 
area of prism.

The following table shows the method used for the 
determination of the total volume and the average grade 
for each class of ore for the entire deposit:

Table 10. Method of determining the total volume and the 
average grade of the deposit.

Triangles
S E G

Volume Volume
Assay

Volume Volume
Assay

Volume Volume
Assay

143 33.350 283.350 75.000 180,750 50,000 77,900
144 17.376 91.158 78,270 199,171 78,270 118,814
145 37,292 160,350 8 3 ,8 6 5 208,992 93,202 141,173
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The total volume was obtained by summing the "individ
ual prism volumes for each class of ore. The average grade 
of each class of ore was obtained by adding the volume- 
assay products for each class of ore and then dividing this 
total by the total volume for the given class of ore.

It was found at Bisbee that one composite tonnage fac
tor could not be used for the entire deposit because of 
differences in specific gravity of the minerals found in 
different portions of the pit. For this reason a tonnage 
factor of 12 was used for ore classes S, E, G, and F, while 
a factor of 13 was used for L, P, and waste material.

Both polygonal and triangular prism methods are used
for computing tonnage and average grade of ore at Bingham 

45Canyon. Plan assay maps which show churn drill holes, 
underground workings, ^Limits of the developed ore, and 
level limits are prepared for each level. The ore is suf
ficiently uniform to permit the use of a tonnage factor of 
13 for the entire deposit. Each level is divided into 100- 
foot square blocks which have a height equal to the height 
of the bench. An average assay is determined for the por
tion of each drill hole found between the top and bottom 
surfaces of the given bench. These values are assigned to 
the blocks perforated by-the respective holes. Blocks not

45• Soderberg, A., op. cit., pp. 5-6.
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perforated by drill holes are assigned assay values deter
mined by proportioning the average assays of the surround
ing holes in accordance with the distances from the given
block.

/

A number of toe samples are taken to serve as an added 
ore control check. These samples are cut every 10 feet 
along the face of each bench. Toe assays are also used as 
a check on tonnage and grade computations, and are compared 
with the churn drill assays for the same block.

The triangular prism method is used for all tonnage 
and grade calculations involving ore found below the 6240 
level. A plan map is made showing all drill holes extend
ing below that level. The ore body is divided into tri
angular prisms bounded by drill holes and tonnage and aver
age grade of ore are calculated. The total tonnage and the 
average grade of ore are obtained by combining the individ
ual level results with the tonnage and grade obtained by 
the triangular prism method.

Vertical Cross Sections

When the deposit contains ore layers .of distinct and 
different grades, tonnage and grade estimates of ore can 
best be made by using vertical cross sections through the 
ore body. The sections are constructed as previously 
described in this chapter with points in adjoining drill
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holes having similar assays being connected by straight 
lines to indicate the tops and bottoms of the various 
layers of ore. The average assay value for each drill hole 
segment cutting a given level is determined by weighting 
the individual assays by the length of sample as illus
trated by the following sketch and the following tabulation.

Figure 7* Area of influence of assays for one drill hole.

Table 11. Calculation of average assay for one drill hole.

Elevation 
of Sample

Assay 
Per cent 
of Copper

Foot-Assay
Product

l1? 0 -1 6 0 2 .1 2 1 .0
160-170 1.9 19.0
170-1&0 1 .6 16.0
180-190 1 .8 IFTo
190-200 1.9 19.0
2 0 0 -2 1 0 1.5 15.0
2 1 0 -2 2 0 1.7 17.0
220-280 1 .6 16.0
280-240 1.7 17.0
240-250 1.5 15.0
250-260 1 .8 1 8 .0
2 6O-2 7O 1 .8 18.0
2 7 0 -2 8 0 1.5 15.0
2 8 0 -2 9 0 1 .2 1 2 .0
Total vertical 
distance = 140 ft. 281.0



79 •

Average Assay = 211 = 1.6 per cent of copper.
140

Each average assay is assumed to have an area of in
fluence extending midway to adjacent drill holes cutting 
the same ore layer. The average grade for each layer of 
ore is found by totaling the products obtained by multiply
ing each average assay by its area of influence and divid
ing the total thus obtained by the area of the layer. The 
volume of ore in a given layer is then found by applying 
either the end-area or prismoidal formula as previously 
described in this chapter.

The following sketch and calculations indicate the 
tonnage and grade computations involved in ore estimates 
by the cross section method for a layered deposit:

In the following illustration, it is desired to deter
mine the average grade of ore outlined by drill holes 7> 8, 
9, and 10 which have areas of influence of A, B, C, and D, 
respectively. ^

drill holes.
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Table 12. Calculation of average assay for a section of 
drill holes.

Drill Hole 
Number

Area of Influence, 
Square Feet

Assay,
Per cent 
of Cooper

Assay-Area
Product

7 18.500 1.9 25.650
8 15,300 1.7 2 6 ,0 1 0
9 14,950 22,42510 15,350 1.8 27,630

Totals 59,100 101,715
Average assay for the layer = 101,715

59,100
= 1.7 per cent of copper

If the area, average grade, and assay-product of the 
same layer for corresponding drill holes in East-West 
Section 98 are 63,450, 1.5, and 95,175 respectively, cal
culate the tonnage blocked out between the two sections 
and the average grade of the ore. The tonnage factor is 
13 and,the distance between sections is 100 ft.

Tonnage = (59.100 + 68,450)100 = 471,346 tons
2(135

' Average Grade of Ore = 101,715 + 95,175
59,100 + 63,450

- 1.6 per cent of copper

Determination of Cut-Off Between Ore and Waste

The cut-off between ore and waste must be determined 
before final ore estimates can be calculated. The cut-off
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grade is that grade below which the mineralized material 
cannot be mined by open pit methods at a profit. The cut
off point can be estimated by making assumptions concern
ing the selling price of copper, estimated recovery of the 
gross metal content, and all costs involved.in producing
a pound of the metal. The following table is quoted from 

46Soderberg to illustrate the method used at Bingham 
Canyon for determining the cut-off point:

46. Soderberg, A., op. cit., pp. 6-7.
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Table 13. A method of determining the point of cut-off 
between ore and waste at Bingham Canyon.

(1)Percent 
c opper

(2) 
Gross 
pounds 
per ton

(3)Assumed
recovery,
percent

(4)
Pounds
recove
ered

(5)Assumed 
selling 
price 
per pound. 
cents

(6)
Assumed 
cost per 
pound, 
less
stripping. 
c^nts

(7)Partial
net
profit
per
pound, 
cents 
(a)

1.10 22 91 20.0 13.5 7.25 _7.251.00 20 90 18.0 13.5 6.94 6.$6
.90 18 89 16.0 13.5 7.81 5.69 _.80 , • l6 ' 87 13.9 13.5 “ 5799 4.5l.70 14 85 11.9 13.5 10.90 3.00
.60 12 83 10.0 13.5 12.50 1.00
.50 10 80 8.0 13.5 15.62 2.12 to

Table 13. Continued.
(1)Percent 

copper
(9)Stripping 

cost per 
cubic 
yard

(10)
Ratio
of
waste 
to ore 

(d)

(11)
Proportionate 
stripping cost 
per pound 
this basis, 
cents

(12)
(6 4 11) 
Total 
cost per 
pound, 
cents

Profit
per
pound, 
cents 
(hi _

1.10 $0.40 & to 1 .50 6.75 6.75
1.00 .40 2 to 1 .56 7.50 6.00

.9 0 .40 tr to 1 .62 8.43 5.07

.8 0 .40 t to 1 .72 9.71 3-79

.7 0 .40 f to 1 .84 11.34 2 .1 6

.6 0 .40 4 to 1 1.00 13.50 None

.5 0 .40 i to 1 1.25 16.87 3.37 (e)

a. Colume 8 incorporated into column 7.
b. Colume 14 incorporated into column 13.
c. Based on a cost of $1.25 per ton. These figures 

can be varied to cover increasing copper content, bullion 
freight, refining, selling, etc.

d. Or one-fourth yard waste to 1 ton ore.
e. Loss
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The cut-off grade under the conditions as given is
0.6 per cent of copper. Because of different operating 
conditions, technological advances, and favorable copper 
market conditions, several open pits in Arizona are able 
to reduce the cut-off point to as low as 0.4 per cent of 
copper.

The engineers at Bingham Canyon have computed a table 
of grades which is used to determine the maximum amount of 
stripping each grade of ore will carry. The problem is 
analyzed as follows:

If it costs 40 cents to waste a cubic yard 
of overburden weighing 2 tons, % ton will cost 
10 cents. It then becomes necessary to deter
mine what grade of ore will yield a return of 10 
cents per ton under the given conditions, assum
ing the average recovery to be 85 percent. The 
figure in this case is 0.0436 per cent copper, 
arrived at as follows:

.0436 percent copper x 2000 pounds = .872 
pounds x 85 percent recovery • .741 pounds;
.741 pounds x 13.5 cents equals 10 cents, 
the cost of moving -g- ton of stripping.

By adding this increment of grade (.044 percent) 
to the ore, it will support the removal of an 
additional half ton of waste for each addition 
of the increment. One can then set up the follow
ing table:

47. Soderberg, A., op. cit., pp. 7-8.
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Table 14. Tonnage of stripping carried by one ton of ore 
of various grades.

Grade of ore, 
per cent

Tonnage of 
stripping

0 .6 0 0 0.50.644 1.0
0.688 1.5
0.732 o#cu

0.776 2.5o<AJ00O 3.0

For a mining company to show a profit, the average 
grade of ore must be well above the cut-off grade. Only 
under special circumstances should any material of less 
than cut-off grade be sent to the concentrator. A small 
"horse" of waste is frequently encountered which must be 
removed from the pit to permit mining of the ore. These 
small quantities of mineralized waste may sometimes be con
centrated at a loss less than the cost of handling the ma
terial as waste. Waste to be concentrated must be includ
ed in the ore reserve calculations.

Soderbergh has discussed the possibility of milling 
waste as follows:

When material having a value of .55 percent 
copper (cut-off is 0.6 percent) is within the 
mining zone, the question arises as to whether it 
should be sent to the mills or to the waste dumps. 
Under the conditions upon which the aforemention
ed table (Method of Determining the Point of Cut- 
Off Between Ore and Waste at Bingham Canyon) is

48. Soderberg, A., op. cit., p. 11.
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based, the cost of wasting this material is 20  
cents per ton (40 cents per yard). If sent to 
the mills as ore, the cost would be $1 .2 5  per 
ton and, as it has a metal content that would 
yield $1 .1 8 , there would be a loss of 7 cents 
per ton. The conclusion is, that to mine and 
treat this grade of ore will cost less than 
to waste it. This example is given to illus
trate the point that when horses of waste are 
encountered within the ore zone, it is the 
policy of the company, capacity permitting, 
to mill a small amount of nonpaying material 
rather than to waste any commercial ore.

Choice of Mining Method

In choosing between an open pit or an underground 
method of mining, the engineer should always remember that 
open pit mining and stripping costs should never exceed the 
competing costs of underground methods. For example, if it 
costs four times as much to mine a ton of ore by under
ground methods, an open pit stripping ratio of 3 to 1 

could be used in separating underground ore from open pit 
ore.

49As an example, the ore body at Bingham Canyon is 
separated into open pit and underground ore by means of a 
series of vertical sections which show the ratio of ore to 
waste and the' tentative stripping limit for the given sec
tion. These sections also show the grade of ore, and are 
used in determining the amount of stripping to be removed,

49. Soderberg, A., op. cit., pp. 8-9.
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still permitting a profit to be made from the given ore 
body. Since the ore body is not uniformly mineralized, 
sections of greater mineralization can carry more stripping 
costs than leaner sections of the ore body. If the ore in 
a given section averages 0 .8 2 per cent copper, it can carry 
a stripping ratio of 3 to 1 which means a stripping cost 
of 60 cents per ton of ore under the assumed conditions. 
Sectors having a grade in excess of 1 per cent of copper 
naturally still show a profit if a proportionally larger 
stripping ratio is used. It is found, however, that a 
stripping cost of more than 60 cents, when added to the 
other mining costs, exceeds a fair underground mining cost. 
The information thus obtained results in setting the max
imum stripping ratio at 3 to 1. All ore found outside the 
pit limits is included in ore reserve calculations as 
underground-ore.
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CHAPTER VI

DRILLING AND BLASTING

Drilling and blasting practices are so interrelated 
that a change in one will bring about a change in the 
other. A case in point would be recent changes in drilling 
practice whereby 12-inch churn drill blast holes were used 
instead of the former standard hole of 9-inch diameter.
This change in drilling equipment resulted in the following 
modifications in blasting practice:

1. The hole interval was increased.
2. Each hole was placed farther from the crest of the 

bank.
3• The average hole burden was considerably increased.
4. The powder charge per hole was increased.
5. With greater hole spacing, fewer holes were re

quired to break a given tonnage.
Drilling and blasting practices are also influenced 

by height of bench, size of shovel dipper, size of haulage 
unit, and width of bench. A recent tendency has been to 
decrease bench heights in order to permit a cleaner sep
aration of ore and waste. Lower benches have also mater
ially reduced accidents among shovel operators. The amount
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of secondary blasting has been decreased by the adoption 
of shovels having larger dippers, and the use of larger 
gyratory crushers. Larger dippers permit loading of boul
ders which formerly had to be broken by blasting. Haulage 
units have been increased in size and made of more rugged 
construction to better withstand the impact of loading 
large rocks. Large 60-inch primary gyratory crushers can 
crush boulders which formerly could not be handled.

Width of bench has a tremendous influence on the selec 
tion of a drilling and blasting method. If benches are 
narrow and do not allow sufficient room for churn drills 
and loading equipment, the bench will probably have to be 
drilled from the base by means of toe holes and holes drill 
ed in the bench face. Length of bench influences blasting 
procedure in that short benches have to be shot more fre
quently than long benches to provide a given tonnage of 
broken material.

The nature of the ore has some influence on drilling 
and blasting. Ore which is uniform and breaks easily can 
be broken by fewer holes, less powder, and requires less 
secondary blasting than material which is difficult to 
break. If the ore is hard to break, the hole interval may 
be decreased and the amount of powder per hole possibly 
increased. Banks which tend to overhang after a blast 
may require a change in blasting technique in that deck
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loading may be used instead of column loading.
Drilling and blasting techniques have been improved 

by the adoption of more precise methods of determining 
overburden, locations of blast holes, and powder charge per 
hole. Former practice in use at many mines during early 
development stages, involved the holes being arbitrarily 
located by some member of the supervisory staff, possibly 
the drilling and blasting foreman. The amount of powder 
used per hole was also arbitrarily determined. Economy in 
blasting was difficult to achieve under this system since, 
when in doubt, the blasting personnel would always tend to 
use an excess of explosive. Recent trends in blasting prac
tice have been to use a clinometer to measure bank slope in 
determining the burden on each blast hole, to experiment 
with hole interval in order to arrive at the optimum arrange
ment for a given formation, and to experiment with powder 
charges so that a standardized powder factor could be deter
mined for the various formations encountered in the pit.

Many of .the recent changes in drilling and blasting 
practices in the copper mining industry have resulted from 
a very commendable practice of exchanging ideas among the 
various mining organizations. Most of the large companies 
and many of the smaller organizations send representatives 
to the meetings of the American Institute of Mining and 
Metallurgical Engineers. Technical papers discussing re
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cent changes and innovations at properties are presented 
by engineers employed by the different mining companies.
Many of the ideas or practices reported by one organiza
tion may be tried experimentally at other properties and, 
if found desirable, adopted. One idea obtained from ma
terial presented at a meeting of the American Institute of 
Mining and Metallurgical Engineers may result in substan
tial reductions of costs.

Influence of Rock Characteristics on Drilling
and Blasting^

Certain physical characteristics of the rock found in 
open pits have had a tremendous influence upon drilling and 
blasting methods. The average drilling advance through hard 
or tough rock is considerably less than can be obtained by 
drilling a soft or brittle formation. Hardness of the rock 
has a direct influence on the explosive charge used to 
shatter the bank. It has been found that more explosive is 
required to obtain a given fragmentation in hard material 
than is needed in softer material.

Hard rock is generally more abrasive than soft rock, 
a fact which has an important influence on drilling methods

50. Gardner, E. D., Drilling and Blasting in Open-Cut 
Copper Mines: U. S. Bureau of Mines Bulletin 273, 1927,
pp. 14-19.
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and costs. Abrasive rock will cause bits to lose gauge; 
this results in a high expense for bit sharpening.

Rock which is thoroughly interlaced with fracture 
planes tends to break into small fragments which require 
practically no secondary blasting. In open pit mines, 
kaolinization tends to take place along these planes of 
weakness and further increase the ease with which such a 
formation can be shattered. Rocks having no marked frac
ture pattern are broken with more difficulty in that more 
powder is required to break a bank of this type; frequently 
many of the rock fragments are of such large size that a 
considerable secondary blasting expense is encountered.
Such a situation is sometimes encountered when the capping 
covering an ore body is well cemented conglomerate.

Bench slopes in open pit mines are largely controlled 
by the character of the rocks found in the pit. It is pre
ferable to have as steep an overall slope as possible since 
this decreases the expense of stripping. The magnitude of 
the expense of stripping can be illustrated by considering 
the Bingham Canyon property where a change of two degrees 
in the overall slope of the pit would have resulted in an

51increase in cost of stripping of $2 ,0 0 0,0 0 0.

Drills Used in Open Pits

51. Soderberg, A., op. cit., p. 10.
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In open pit copper mines, blast hole drilling is done 
with churn drills and air drills. Churn drills are gener
ally either electric or diesel powered and drill holes pre
dominately have a diameter of 9 or 12 inches. Air drills 
are driven by compressed air and are seldom used to drill 
holes deeper than 40 feet. Air drills in open pit mines 
were of greatest use in the period prior to the develop
ment and improvement of churn drills. Because of the small 
diameter of air drill holes, multiple row blasting was util
ized with some or all of the holes being sprung to provide 
space for large powder charges. At the present time air 
drills are used predominately to block-hole boulders, drill 
hard bottoms, drill toe holes, and to drill other holes 
having a depth of less than 10 feet.

Air drills are of two types and are made in a variety 
of sizes. The piston drill was developed prior to the ham
mer machine and the latter is in most common use at the 
present time. However, piston drills are used at Bingham 
Canyon and some experimental work is being conducted at Mew 
Cornelia with a large piston machine and these uses are be
lieved worthy of note.

Churn drills were tried at Bingham Canyon for drilling 
of blast holes but did not prove satisfactory because of 
the narrowness of the benches. Hammer drills mounted on 
tripods were substituted experimentally for piston drills
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similarly mounted, but T?ere not adopted because of the 
difficulty of maintaining rater lines. The Bingham Canyon 
property is situated in a region where it is cold enough to 
make it practically impossible to keep water lines on the 
various levels from freezing. Because of this difficulty, 
it has been necessary to continue using piston drills for 
the breaking of ground by means of toe holes. These ma
chines use solid steel with drilling water being poured in-

52to the hole by hand.
D. R. Cratty^ has described a series of tests being 

conducted in 1951 at the Hew Cornelia pit for the purpose 
of determining whether or not an air drill machine designed 
for drilling 6-inch vertical blast holes would be practical 
at this property. This machine will be discussed in detail 
in the section covering Recent Changes In Drilling Practice.

Factors Affecting Choice of Drills

The selection of the drills to be used at any given 
property depends upon the physical characteristics of the 
rock being drilled, the mining system employed at the pro
perty, and the available drilling equipment.

If the mining system requires maintenance of high

52. Soderberg, A., op. cit., p. 12.
53• Cratty, D. R., op. cit., pp. 1-2.
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banks, a combination of air drills and churn drills may be 
used for blast hole drilling. Churn drills may be used for 
holes from the crest of the bank while air drills prevent 
hard bottom by drilling a series of toe holes. A mining 
system employing 40-foot to 50-foot level intervals can 
usually be drilled satisfactorily by churn drills with only 
occasional assistance from air drills for secondary blast
ing purposes.

Climatic conditions occasionally influence the selec
tion of drilling equipment. A previous discussion mention
ed the use of piston drills at an open pit property because 
of the difficulty of keeping water lines from freezing.

The difficulty of maintaining air lines across the 
levels in an open pit has resulted in the present trend to
ward the use of wagon drills which are powered by portable 
air compressors. Air lines were formerly carried from a 
main compressor plant by pipes to the drills. The pipe 
joints were frequently loosened by blasts, bulldozers, road 
graders, and trucks. This system became so inefficient that 
it was replaced by the portable compressor units.

54Character of Rock

The character of the rock being drilled has consider
able influence in determining the type of drill best suited

54. Gardner, E. D., op. cit., pp. 22-23.
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for the work.
Churn drills operate most efficiently in uniform rock 

structures. However, difficulties increase many fold when 
fractured ground is encountered, since the hole may cave and 
wedge the tools, or drilling mud may be lost in crevices 
cut by the drill hole. Caving ground may require extensive 
casing in order to keep the hole open long enough to drill 
to the desired depth, to load the hole, and to detonate the 
explosive charge. Steeply dipping rock formations may cause 
the drill bit to be deflected parallel to the bedding of the 
enclosing rock.

Physical characteristics of the rock also influence 
the operating efficiency of both hammer and piston drills. 
Drill steels tend to stick in fractured ground and in ground 
having alternate hard and soft layers. Fractures and bed
ding planes which cross the drill hole at a small angle may 
cause the drill to be deflected parallel to a bedding plane 
or into a fracture. Considerable drilling time may be lost 
in extracting drill steel from a crooked hole.

Piston drills have a reciprocating action which, in 
fractured ground, tends to pull loose rock fragments into 
the bore and thus cause the steel to stick.

Clay and talc streaks cut by a drill hole are moisten
ed by drilling water, and swell. This swelling is frequent
ly sufficient to prevent the steel from being withdrawn
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from the hole.

Drilling Speed

The rate at which air drills penetrate rock depends 
upon the hardness of the rock "being drilled, size of bit, 
air pressure at the drill, and other ground conditions which 
may retard drilling speed by causing the drill steel to 
become wedged.

Each air drill is designed to operate at maximum effi
ciency with a given air pressure, usually about 85 to 90  

pounds per square inch. If air pressure is increased above 
the recommended figure, the drill may become stuck in the 
machine. Hose couplings occasionally work loose during 
drilling operations and, under high pressure, may seriously 
injure members of the drilling crew. Drills being operated 
under less than the specified pressure drill at a consider
ably reduced rate.

A drill operating under a fixed air pressure will de
liver a harder blow to the drilling face with a small bit 
than, it will with a larger bit. Since drilling speed is 
dependent upon the force per square inch with which the 
drill strikes the rock, it is obvious that the advance 
obtained with a large bit will be less than that obtained 
with a smaller bit. In discussing size of bit, it must be 
remembered that other factors besides drilling speed must
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be considered. It would be impractical to drill such a 
small hole that it would be difficult or impossible to in
sert the explosive charge. The bit chosen for a given 
mine should be of such a size that, even with loss of gauge 
in drilling, the lower portion of the hole can still readily 
accommodate the dynamite cartridges.

Hammer drills will generally penetrate unfractured and 
unaltered rock structures at a higher rate of speed than 
that obtained with a piston machine, whereas the piston 
type will give a greater rate of advance in less favorable 
rock structures. Drilling experience at the Hew Cornelia 
property has shown that under average conditions a hammer 
machine can drill 80 feet per drilling shift of 8 hours, 
while a piston machine is able to average only 21 feet in 
the same rock formation. y

The speed with which churn drill holes can be drilled 
is also dependent upon rock structure, the size of bit, 
size of drilling equipment, and weight of the tools. In 
the Colorado area of the Inspiration open pit, approxi
mately 80 to 85 feet of 9-inch churn drill hole were drill-

56ed each 8-hour shift. In another section of the Inspira-

55* Gardner, E. D., op. cit., p. 24.
56. Watts, J. R., Drilling and Blasting, Inspiration 

Consolidated Copper Co. Open Pit: Open Pit Subdivision of
the Arizona Section of the American Institute of Mining and 
Metallurgical Engineers, Tucson Meeting, Nov. 14, 1949.
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tion pit, however, an average of only 69 feet was main- 
57tained. An increase in the weight of tools used at the 

58Castle Dome property in hard ground resulted in an in
crease of 18 per cent in footage over that obtained with 
lighter tools. Tests made at the Morenci open pit in which 
a 42-T Bucyrus-Erie churn drill was equipped with a 9-inch 
bit and 1000-pound "sinker bar", indicated that 30 per cent 
more footage could be obtained. This idea was not adopted 
because of the difficulty in placing sufficient powder in 
the holes in order to shatter the toe, and because of the

59awkwardness in handling the long "sinker bar". It is 
extremely difficult to correlate churn drilling speeds be
cause of the many variables that enter such a comparison.

57. Inspiration Open Pit General Information: Open
Pit Subdivision, Arizona Section of the American Institute 
of Mining and Metallurgical Engineers, Inspiration Meeting, 
May. 7,'1951.: .

58. Van De Water, J. C., Castle Dome— Operating Ideas: 
Open Pit Subdivision, Arizona Section of the American Insti
tute of Mining and Metallurgical Engineers, Tucson Meeting, 
Nov. 14, 1949.

59. Ormsby, L., and Lines, H., Changes In Drilling
Practices At The Morenci Open Pit From 1940 to 1949: Open
Pit Subdivision, Arizona Section of the American Institute 
of Mining and Metallurgical Engineers, Tucson Meeting,
Nov. 14, 1949.



99

Tripods*^

Tripods consisting of three 11-foot pieces of 1^-inch 
pipe:v/ere formerly used as a means of suspending heavy 
"jackhammers" during the drilling of vertical holes. The 
upper ends of the pipe were flattened, drilled, and bolted 
together with a clevis. A double rope block was suspended 
from the tripod, and was used to support the weight of the 
"jackhammer". By slacking of the supporting rope, it was 
possible to have the drill bit against the face being drill
ed. The tripod was a tremendous labor saving device when 
the drill was being raised to permit a change of steel.

Two major disadvantages in the use of tripods and 
"jackhammers" were, first, the difficulty in moving from 
one location to another and, second, the inconvenience in 
the drilling of inclined holes. The present trend in open 
pit copper mines is to install wagon drills which can be 
used to drill both vertical and inclined holes. Wagon 
drills are extremely maneuverable since they can be moved 
from one location to another by coupling onto a truck which 
serves as a prime mover. Greater flexibility is being 
obtained by installing a number of truck-or trailer-mounted 
air compressor units.

60. Gardner, E. D., op. cit., pp. 23-26.

235S90
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Churn Drills Versus Air Drills^

The chief advantage of the churn drill over the air 
drill is its capacity for drilling a hole of large diameter 
which is capable of containing the desired charge of explo
sive without benefit of springing. Because of the larger 
explosive charge per hole, it is possible to increase the 
hole interval and to place the hole at a greater distance 
from the bench crest.

The main difficulties with using the air drill for 
primary blasting purposes were: each hole had to be sprung,
a large number of holes were required, multiple row blast
ing was necessary, holes were drilled dry which resulted 
in high dust concentrations, and the cost of air drilling 
holes was excessive when the holes exceeded 35 feet in 
depth.

The chief disadvantages in using churn drills for 
primary blasting purposes are the following:

1. The drills are not very maneuverable and in rough 
country may require extensive preliminary road con
struction before the drills can be moved into drill
ing position. The high cost of road construction 
may necessitate the use of a more maneuverable 
drill which can be moved over rough terrain without

6l. Gardner, E. D., op. cit., pp. 27-28.
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benefit of roads.
2. It is impossible to intentionally drill an inclined 

hole with a churn drill. It is true that many churn 
drill holes have drifted as much as 10 feet in a 
vertical depth of 300 feet. Churn drills, however, 
were designed for only vertical holes.

3* Drilling difficulties are encountered in fractured 
ground. Blast hole samples are salted by the loss 
of sludge in fissures and fractures penetrated by 
the drill.

Location of Drill Holes

As previously stated, many open pits, in the early 
development stages, had drill holes located arbitrarily by 
the foreman. Experience in the given formation or compar
able ones dictated the location of the holes and amount of 
explosive to be assigned each hole. The present trend is 
toward a surveyed and systematic location of all drill holes, 
more accurate burden determinations, and the keeping of 
better blast records which can be used in interpreting re
sults of blasting to obtain reduced costs of blasting.

The system in use at many open pit mines involves 
experimentation to determine a satisfactory average spacing 
of holes and a powder factor for each formation found in 
the pit. The foreman, using the predetermined interval of
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holes and crest distance, can stake a uniform drilling 
pattern. Each hole is surveyed by stadia by the engineer
ing staff which also measures the slope of the bank at each 
drill hole. The depth to which each hole is drilled de
pends upon the" hole interval and the toe distance. Field 
measurements are used by the engineering staff for deter
mining the burden on each hole and the total blast measure- 

62ments. Whenever hard bottom is encountered during the 
shoveling operation, the data for the given blast is stud
ied in order to modify blasting procedure, and thus prevent 
hard bottoms in future blasts in the same area.

General practice in open pit copper mines of Arizona 
is to use single row blasting; however, double row blasting 
can sometimes be used to advantage at mines which have wide 
benches. Double row blasting involves less time in moving 
drills from one location to another. The principal disad
vantage of double row blasting is that on high banks, the 
broken material may be too high to be safely handled by the 
shovel operator. If double row blasting is used, the holes 
in the second row should be staggered so they break ground 
not previously fractured by the front row of blast holes.^

6 2 . Lentz, J. A.. Jr., Recent Changes In Drilling And
Blasting Practice At Ajo: Arizona Section,,Open Fit Sub
division of the American Institute of Mining and Metallurg
ical Engineers, Tucson Meeting, Nov. 14, 1949.

6 3 . Gardner, E. D., op. cit., pp. 32-33.
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The ore haulage system has some Influence on the spac
ing of holes and explosive charge. An attempt is made in 
open pit mines which use rail transportation, to regulate 
the amount of material broken by each blast so that the 
blast can be cleaned up with one "track-throw". Even 
though it is possible to break a toe of more than 13 yards, 
the saving obtained by additional tonnage may be eliminated 
by the expense of making one additional "track-throw" which 
would be necessary for "facing-up" the bank. The greater 
flexibility of a truck would probably permit larger toes
to be broken, thus permitting a saving on the depth of 

64drill hole.

Stemming

Whenever a blast hole is charged with explosive, the 
charge should be confined and protected from accidental 
detonation by means of some suitable inert material. Holes 
fired in rotation must be well stemmed to prevent shock 
vibrations from forcing explosives out of holes to be fired 
with a longer delay. Stemming is of particular importance 
where slow acting powders are to be used. Because slower 
acting blasting powders build up gas pressure slowly, they 
must be confined to obtain maximum blasting efficiency.

64. Ormsby, L., and Lines, H., op. cit., p. 4.
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Stemming used at many mines consists of finely ground 
inert materials found in abundance at the given property. 
Tailing from an earlier leaching operation at the Mew Cor
nelia property is being used to stem churn drill blast 
holes. This particular tailing is yellow in color and con
trasts favorably with the gray monzonite found in the pit. 
Because of the difference in color, missed holes can be 
readily located. The finely divided nature of the stemming 
material permits it to be transferred from a truck to the 
hole with minimum effort. Churn drill holes at other mines 
are stemmed with sand or concentrator sand tailing.

Water is used in many mines for stemming air drill 
holes during springing operations.Water is an excellent 
stemming material for air drill holes, for upon introduc
tion into the hole it not only cools, but also prepares the 
hole for the next springing charge. Another advantage is 
that the size of the chamber obtained by springing can be 
roughly measured by the quantity of water used in stemming 
the hole.

Chambering

Air drill holes of small diameter are sometimes drill

65. Gardner, E. D., and Hosier, l.lcE., op. cit., p. 124.
66. Gardner, E. D., and Hosier, McE., op. cit., p. 125.
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ed to insure adequate breakage of the toe of the bank.
These holes are sprung or chambered to permit an increase 
in the size of the powder charge which is placed in the 
lower section of the hole. The larger powder charge per
mits greater rock fragmentation and a larger interval be
tween adjacent holes. Some churn drill holes have been 
chambered, but the present tendency is to confine chamber
ing to holes drilled by wagon drills, "jackhammers", and 
tripod drills.

Springing or chambering is accomplished by detonating 
a series of explosive charges of increasing strength at the 
bottom of the hole. The pulverized material is blown from 
the hole after the detonation of each springing charge.
Each hole is allowed to cool before being loaded with the 
next springing charge.

6?Air drill holes at the Hew Cornelia mine are sprung 
with 50 per cent gelatin stick dynamite. The number of 
times each hole must be sprung to provide a chamber of 
sufficient size to hold the required powder charge depends 
on the hardness of the ground. The number of required 
springings can usually be estimated by comparing the powder 
used in the first springing charge with the amount of powder 
which can be packed in the chamber after springing. This 
ratio is fairly constant for each hole. If two sticks of

67. Ingham, G. R., and Barr, A. T., op. cit., p. 12.
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powder were used in the initial springing and made a chamber 
large enough to hold ten sticks, the powder ratio for this 
particular hole would be 1 to 5. If the hole is to be 
sprung to accommodate 50 sticks of powder, two springings 
will be required with 10 sticks of powder being used in the 
second charge.

Chambering rounds are usually stemmed with several feet 
of sand or water. Sand does not cool the rock, but leaves 
some solid material in the hole which must be blown out by 
compressed air. Water used as stemming is forced out of 
the hole by gases generated during the explosion. Water, 
however, is in the hole long enough to cool the rock and 
thus permit less time to be lost between springings.

Loading Holes for Primary Blasting

All churn drill holes should be inspected before they 
are loaded. The lower portions of churn drill holes may be 
caved because of blasting in other sections of the pit. 
Inspection of a hole before loading prevents the loading of 
a short hole which, if detonated, would probably lead to 
hard bottom in the given bank.

Churn drill holes can be inspected by means of a mir
ror which reflects sunlight into the hole, thus permitting 
visual observation of possible caving. The depth of a hole 
can be determined by lowering a rope of known length into
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the hole. Caved holes at the Hew Cornelia pit were form
erly cleaned by a churn drill assigned to the blast area. 
Recent experiments at this property have indicated that 
much better results can be obtained by using a pump bailer 
mounted on an old churn drill. A bailer of this type cleans 
practically all of the sludge from a hole, while a Dart 
bailer leaves from one to two feet of sludge in the hole.
The experimental rig cleaned approximately 2%- times as 
many holes in a shift as were formerly cleaned with the old 
system. Greater mobility is expected for future operations 
by mounting the pump bailer on a truck. The anticipated 
advantages of such a unit are:

1. More churn drills will be available for normal 
blast hole drilling.

2. The greater cleaning efficiency of the pump will 
permit the blast holes to be shortened by approxi
mately l-g- feet and still have the same effective 
hole depth.

3. Bag powder could be used in the drier holes.
The manner in which the powder is placed in a churn 

drill hole depends upon the type of explosive used. Dry 
holes are detonated by granular powders which are poured 
into the hole and sometimes tamped by means of a weighted 
wood dolly suspended on a rope. Packaged explosives, gen

68. Cratty, D. R., op. cit., pp. 3-4.
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erally of the gelatin type, are used in wet holes. A 
powder loading machine is used at the New Cornelia^ pit 
for lowering explosive cartridges into churn drill blast 
holes. This machine consists of a combination reel and 
drum rotated, on a central shaft supported by a one inch 
pipe frame with two flat coiled springs attached to the 
central shaft and drum. A brass self-releasing hook 
attached to the drum is used for lowering the explosive 
charge into the hole. The weight of a 50-pound cartridge 
being lowered is sufficient to coil the springs and provide 
sufficient energy to roll the rope up and out of the hole. 
Two men operating a machine of this type can load 240 cart
ridges, each weighing 50 pounds, in an 8-hour shift.

Churn drill blast holes can be loaded in several ways. 
A hole in a low bank will probably be column loaded with 
all the explosive being placed in the bottom of the hole. 
Column loading in high banks occasionally will permit the 
bank to overhang, a very dangerous condition since a por
tion of the over hanging material may become loose and 
damage a shovel loading the rock at the base of the bank. 
Deck loading is sometimes used to break the crest of banks

6 9 . Tliemi, A. E., Drilling And Blasting Operations At 
New Cornelia Mine, Ajo, Arizona— 1946: Open Pit Subdivision,
Arizona Section of the American Institute of Mining and 
Metallurgical Engineers, Castle Dome Meeting, Mar. 1947,
p. 3.
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which tend to overhang.

Detonation

"Cordeau Bickford" fuses formerly used at most open
pit copper mines were replaced by "Primacord" fuses in 

701937« Some of the properties claimed for "Primacord" are
71discussed in the Blasters' Handbook as follows:

"Primacord"-Bickford, commonly known as 
"Primacord", is a detonating fuse comprising a 
high explosive core of pentaerythritetetranitrate 
(PETIT) contained within a waterproof sheath over
laid by reinforcing coverings. It has a very 
high velocity, detonating at about 2 0 ,3 0 0 feet 
(nearly four miles) per second. "Primacord" has 
good tensile strength, yet is light in weight and 
flexible, making it easy to handle and connect.
It absorbs water slowly and will detonate when 
the core is soaked with water provided it is deto
nated from a dry end. The violence with which it 
explodes is sufficient to detonate high explo
sives lying alongside it in a borehole, so that 
if it is attached to the first cartridge loaded 
into the drill hole it acts as a priming agent 
throughout the entire column of explosives. In 
spite of its high velocity and violence of deto
nation "Primacord" is very insensitive, and 
experience has indicated that it cannot be explod
ed by friction, ordinary shock, nor by firing a 
.30 caliber Springfield steel-jacketed bullet 
through a spool of it. However, since this 
material contains a high explosive it is recom
mended that it be handled and stored as an explo
sive .

70. Gardner, E. D., and Hosier, HcH., op. cit., pp. 
126-128.

71. Blasters' Handbook: E. I. Du Pont De Nemours
and Company, 12 th. edition, pp. 89-90.
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The melting point of the PETN core is 
284° F. so that "Primacord" can be stored for 
extended periods even in the hottest climates 
without suffering deterioration. Under abnormal 
circumstances there may be noticeable softening 
of the protective asphaltic compound, evidenced 
by the presence of little beads of asphalt on 
the surface. This does not affect the efficien
cy of "Primacord".

The best method of initiating "Primacord" 
is to detonate it with a blasting cap or an 
electric blasting cap tightly taped alongside 
it, or otherwise securely affixed to it, with 
the business end of the cap pointed in the 
direction in which the detonation is to proceed.
"Primacord" can be attached by either a cross-over 

hitch or by threading the fuse crosswise through a cart
ridge and tying it back to itself. As the first cartridge 
is lowered into the hole, additional "Primacord" is unwound 
from a spool. The detonating fuses in the individual churn 
drill holes are connected to a trunk line which is deton
ated by means of an electric blasting cap.

Electric blasting caps are used at the Ray open pit
72for detonating churn drill hole charges. Primers are 

made up at the blasting site by forcing electric blasting 
caps into sticks of gelatin dynamite. Two primers are 
placed in each hole to make sure that the bag powder is 
detonated at the proper time.

72. Observed by the author in August, 1951•
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Hot Holes

Hot holes are sometimes encountered in ores which have
a high proportion of sulphide minerals which have become

73ignited. The rich sulphide ores at Jerome were being 
mined by underground methods when the ore in the upper 
levels began to burn. The fire made underground mining ex
tremely hazardous, so it was decided to mine the upper por
tion of the ore body by open pit methods. The fire was 
quenched by stripping the overburden and forcing water and 
finely ground rock into the ground through drill holes. 
Special blasting procedures had to be adopted since rock 
temperatures as high as 780° F. were measured.

Blast holes were loaded and tamped by ordinary methods 
if the rock temperature did not exceed 120° F. Water and 
sand were at times poured into holes in an attempt to re
duce rock temperatures. Sufficient water was used to wash 
the sand into crevices surrounding the powder chamber. The 
sand sealed off the hot gases generated by burning sulphides 
and, because of its poor conducting property, permitted the 
hole to be safely loaded. Ground too hot to be effectively 
cooled by water and sand was shot by means of torpedoes.

73•' Alenius, E. M. J., Methods And Costs Of Stripping 
And Mining At The United Verde Open-Pit Mine, Jerome, 
Arizona: U. S. Bureau of Mines Information Circular 6248,
1930, pp. 25-26.
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The torpedo used in shooting air drill holes consisted of 
an ordinary mailing tube filled with 35 per cent gelatin 
dynamite. A hot churn drill hole was shot with an explo
sive charge packed in a 4-inch diameter torpedo, 6 to 8 
feet long, and having walls i- inch thick. The procedure 
for detonating a round of hot churn drill holes was as 
follows:

1. The torpedoes, placed off the ground and near their 
respective holes, were connected to the blasting 
line.

2. All torpedoes were lowered in the hole at the same 
time.

3. Blast holes were not stemmed.
4. The blast was detonated as soon as the men were at 

a safe distance.
Although the method which has been described was used 

at Jerome, the results indicated that the method was not 
as efficient as the blasting of cold holes due to the de
letion of stemming and due to the size of the torpedo which 
placed limitations on the amount of powder that could be 
placed in each hole.

Ore Broken per Pound of Explosive

Blasting efficiency is indicated by means of the tons 
broken per pound of explosive factor. The tonnage broken
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per pound of explosive ranges from 4.9 at New Cornelia 
to 8.5 at Bingham Canyon^. The average factor for all 
blasting in 1938.at the Chino^ mine was 7*5.

Another guide of efficiency is the tons broken per 
foot of churn drill hole and this factor has increased 
appreciably in the last 15 years. The increase has pri
marily resulted from using larger churn drill holes and
heavier explosive charges. The tons broken per foot of

77churn drill hole at the Morenci mine has increased from
33 in 194-0 to 58 in 1949. A comparison of a typical 9-inch
churn drill hole blast with an experimental blast of 12-

78inch holes at the New Cornelia' property showed a tons per 
foot of hole factor of 39.7 using 9-inch holes and 91.0 
using the 12-inch holes.

Drilling and Blasting Crews

Drilling and blasting is the most expensive operation 
in the mining of copper ores by open pit methods. The

74

74. Lentz, J. A., Jr., op. cit., p. 6.
75. Gardner, E. D., and Hosier, EcE., op. cit., p. 129.
76. Gardner, E. D., and Hosier, McH., op. cit., p. 130.
77. Ormsby, L., and Lines, H., op. cit., p. 2.
7 8. Lentz, J. A., Jr., op. cit., p. 6.
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Drilling and Blasting Department usually requires the ser
vices of more men than are employed in any other single 
phase of the mining operation. The number of workers employ
ed in the drilling and blasting of ore at the Hew Cornelia

79mine has been discussed by Gardner and Hosier:'7 •
In November 1937, when 16,000 tons of ore 

per day was being mined at the New Cornelia,
186 drillers and blasters were employed out of 
a crew of 560 men. In the fall of 1938, when 
the total crew was 556 men; the men charged to 
drilling and blasting were as follows:

Number of •
Men

Actual drilling per day of
2 shifts---------------------110Actual blasting per day of
2 shifts-------------------- 37

Charged to drilling and blasting, 
such as labor for sharpening 
and transportation of mater
ials, clerks, etc., per day - 70

Total for drilling and blasting,
per day of 2 shifts-----------217

Primary Blasting at the New Cornelia Mine

A. E. Niemi has discussed primary blasting at the New
Cornelia mine in a paper prepared for the American Insti-

80tute of Mining and Metallurgical Engineers and the follow
ing discussion was summarized from the paper.

In 1946 the blasting of churn drill holes accounted

79' Gardner, E. D., and Hosier, McH., op. cit., p. 130. 
80. Niemi, A. E., op. cit., p. 1.
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for 97 per cent of the rock broken at New Cornelia. Churn 
drills were used for holes over 8 feet in depth, and air 
drills for shallower holes and toe holes.

All churn drill holes during 1946 were approximately 
9 inches in diameter. A 40-foot bench would be blasted by 
a single row of holes placed on 15-foot centers and drilled 
5 feet below grade with each hole having a burden of 18 
feet. The spacing of holes was increased in soft material 
and decreased in hard material. Churn drill holes were not 
sprung since the holes were large enough to accommodate 
sufficient explosive below grade to break the toe in aver
age ground.

Se/n/e/? = C+jrS

Figure 9» Determination of burden at the New Cornelia Mine.

Toe holes were used to relieve burden on the toes of 
banks in those sections of the pit where hard bottoms were 
likely to be encountered. These holes were usually spaced 
on 8-foot centers and were drilled approximately 20 feet 
in depth.

The amount of explosive placed in each hole was deter
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mined from the total burden on each blast hole. The total 
burden or cubic yards of material to be shattered by each 
blast hole was computed by multiplying the burden in front 
of the hole by the total depth of the hole by the hole in
terval, each measurement having been taken in yards. The 
"back break" or material broken behind the hole was not con
sidered in the computation of the powder charge. The powder 
charge was also influenced by the hardness of the rock being 
blasted. It was found, in general, that adequate shatter
ing could be obtained if the following loading factors were 
used:

Table 15* Powder loading factors used at New Cornelia.
Loading Factor, 
pounds of powder per 
cubic yard of burden

Hardness of 
rock formation

1/2 very soft
5/8 soft
3/4 medium
7/8 medium hard
1 hard
1 1/8 very hard

The physical condition of the churn drill hole also 
influenced the selection of the type of powder to be used 
in the hole. Special gelatin dynamites were used in both 
wet and dry holes. Forty per cent gelatin dynamite was 
used in soft, medium, and hard formations while 60 per cent 
was used in hard and very hard rock. "Amogel" was used in 
dry holes and in wet holes to be blasted in less than 24
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hours after "being loaded whereas bag powder was used In dry 
holes only. Of the total amount of explosive used at the 
New Cornelia mine in 1946, the bag powder type amounted to 
only 9 per cent.

A drilling^ and blasting foreman supervised a crew 
consisting of a primary powder foreman, powder boss, powder- 
men, and powdermen helpers. These men performed the follow
ing steps in loading and firing a primary blast:

1. The powder charge per hole was calculated.
2. The blast area immediately surrounding the drill 

holes was cleared of all equipment which would be 
damaged by the blast.

3. Powder loading equipment was delivered to the blast 
area.

4. Explosives were delivered by truck and separated 
into piles spaced 30 feet apart. Each pile con
tained enough explosive for two holes and was stack
ed not closer than 15 feet to the collar of the 
nearest hole.

5. The loading zone was marked off by rope and red 
flags.

6. Each blast hole was loaded by bringing the explo
sive cartridges, one at a time, to the collar of 
the hole where the cartridges were lowered into the 
hole. "Primacord" was tied to the first cartridge.
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Each branch "Primacord" line was cut to leave 
approximately 5 feet of fuse protruding from the 
hole. The upper end of the "Primacord" was tied 
to an empty powder box to prevent its being acci
dently kicked into the drill hole.

7. The hole was stemmed for deck loading if the latter 
was required. The primer cartridge for the deck 
load was threaded on the "Primacord" and lowered 
into the hole. The remainder of the powder was 
lowered into the hole and the hole stemmed to the 
collar. Stemming for churn drill holes consisted 
of tailing from the former leaching operation.

8. The branch "Primacord" lines were tied to a trunk 
line laid near the drill holes at the conclusion 
of the stemming operation. Branch lines were con
nected to the trunk line by means of double half 
hitches.

9. Watchmen were sent to the levels above and below 
the loading zone.

10. The lookout was instructed by phone to sound a 
series of short blasts on a large air whistle.

11. A whistle on the nearest power shovel was then 
sounded to aid in identifying the exact location 
of the blast.

12. Strategically placed watchmen cleared the blast
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area of all workers and conveyances. The danger 
zone was considered to be 300 feet on each side 
of the loading zone, the same distance on the level 
above and on three benches below the loading zone.

13. A No. 8 electric blasting cap was attached to pre
viously tested lead wires and the cap was then 
firmly fastened to the main "Primacord" line. The 
drilling and blasting foreman moved to the opposite 
end of the lead wires, where, after an "All Clear" 
signal from the watchmen the foreman fastened the 
lead wires to the battery and threw the swit&h to 
detonate the blast.

14. The lookout indicated that all was clear by blow
ing two sharp blasts on an air whistle. The blast 
area was checked for missed holes and any damage. 
The empty powder boxes were then burned to remove 
the necessity for transporting them from the pit.

Changes in Primary Drilling and Blasting at the 
New Cornelia Mine

Primary drilling and blasting operations at the New 
Cornelia mine remained relatively unchanged from 1946 to 
1949. In 1949 new blasting practices resulted from the 
purchase of larger churn drills used for drilling 12-inch 
blast holes. The larger drill holes were used for blasting
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75 per cent of the material broken at this mine in 1949.
J. A. Lentz, Jr. has discussed the changes in primary-
blasting resulting from using larger churn drills in a
paper presented at a meeting of the American Institute of

8lMining and Metallurgical Engineers. The information has 
been taken from this paper.

. The socket, drill stem, and bit for a 12-inch churn 
drill rig have a combined weight of 5,130 pounds. Tools 
for drilling 9-inch holes with the large drills weigh 
4,350 pounds as compared to the 2,775-pound string used on 
the smaller drills. Drill line on the larger drills is 
7/8 inch diameter, "left lay", 6 by 19 plow steel wire rope 
cut in 300-foot lengths. Wire rope discarded by large 
drills can sometimes be cut to 250-foot lengths and used 
for a considerable time on the smaller drills.

Large drills are now used to drill deep holes while 
the small drills are being used to drill shallow holes or 
holes where clearance for setting up is limited. The data 
of the following table compares drilling rates and bit 
usage for small and large churn drills over a period of 
several months. The material drilled by the 9-inch drills 
was somewhat harder than that drilled with the larger drills.

81. Lentz, J. A., Jr., op. cit., p. 2



Table 16. A comparison of drilling rates and bit usage 
for small and large churn drills.
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Type of 
Drill

Bit Size, 
Inches

Total Feet 
Drilled

Average 
Feet per 
Shift

Average Feet 
per Bit Use

Larpe 12 8 1 .6QQ 50.o 47.1
Small• 9 74,938 48.4 43.0

The change from 9 to 12 inch churn drill blast holes 
necessitated considerable experimentation with the drilling 
pattern. Information obtained from experimental blasting 
indicated that the best results from the standpoint of drill
ing and blasting, as well as shoveling and track movement, 
could be obtained by increasing the hole interval while 
keeping the front burden approximately the same as for.the 
9-inch hole pattern.

An experimental blast was made to determine drilling 
and blasting efficiencies for 12-inch holes spaced 30 feet 
apart. Each hole was drilled 15 feet below grade to insure 
breaking the bottom between holes and to provide adequate 
space for the explosive and stemming requirements. The 
data of the following table compares the experimental blast 
with a typical 9-inch blast in the same area:
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Table 17. A comparison of a special blast using 12-inch 
holes with a typical blast using 9-inch churn 

' drill holes at the New Cornelia mine.

Special
Blast,
12-inch holes

Typical
Blast,
9-inch holes

No. of Holes------------ ------ 13 42
Average Interval Between Holes,

F e e t--- ----------------- 30 15Average Bank Height— F eet----  40 40
Average Crest Distance— Feet —  20 16
Average Toe Distance— Feet ---  41 35Average Depth— Feet ----------  55 48
Average Burden per Hole— Cubic

Yards--------------------1,606 615
Loading Factor (Lb. Powder per

Cubic Yard Burden)------  5/8 5/8
Average Boxes of Powder per Hole 20.0 . 7.7Total Pounds of Powder Used -- 13,000 1 6 ,2 0 0
Total Feet of Drilling-- -----  715 2 ,0 1 6
Total Tons of Material Broken 65,100 80,100
Tons Broken per Pound of

Powder ------------------  5.01 4.94
Tons Broken per Foot of Drill

H o l e --------------------- 91.0 39.7

The secondary blasting for the experimental blast was found 
to be normal for this section of the open pit. Subsequent 
blasts in harder areas of the pit have indicated that the 
same general results could be obtained if less front burden 
were used.

Drilling personnel at the New Cornelia pit are experi
menting with an air drill machine designed for drilling 6-

82inch vertical holes. The quarry machine consists of a

82. Cratty, D. R., op. cit., p. 1.
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piston drill mounted on a 40-foot mast, two electrically 
driven air compressors, and a dust collecting system. The 
machine is mounted on caterpillar tread for increased 
mobility and is equipped with hydraulic leveling jacks.
The drill rods are 3 3/4— inch hollow steel. Starting rods 
are 35 feet long and have 20 and 35 foot extensions. Tung
sten carbide insert bits are used in the drilling operation. 
One bit drilled 3,363 feet with 7 sharpenings and was still 
serviceable and another bit drilled 2 ,3 5 2 feet before being 
discarded because of lost inserts. The average drilling 
rate for the quarry machine has been 15 to 20 feet per hour 
of actual drilling time. The feet drilled per shift has 
averaged 82.2.

Another recent change in churn drilling at New Cornelia
has been the development of an improved procedure for

83collaring drill holes. The former practice required that 
the shattered ground surface be supported by 8 to 12 feet 
of drill casing which was left in place in 90 per cent of 
the holes blasted. The force of the blast was sufficient 
to damage all pieces of casing left in the blast area. The 
casing generally had to be straightened and sometimes had 
to be discarded.

This new method involves the addition of Portland

83- Cratty, D. R., op. cit., p. 3*
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cement to the drill sludge when the hole is started. Cement 
is added in small amounts until the casing ceases to 
"follow". The excess cement fortified sludge is bailed 
from the hole and placed around the top of the casing. 
Drilling is continued until the hole is completed. The 
drill casing is pulled while the mortar is still plastic. 
Experimental results indicate that casing can be pulled 
from 90 per cent of the holes and still leave collars that 
will not cave before or during loading operations.

Primary Drilling and Blasting at the Morenci
Open Pit

Experiments begun in 1946 indicated that expenses of
ground breaking could be decreased by reducing the drilling 

84costs. The problem was approached by springing 9-inch 
holes to increase the powder holding capacity. The advan
tage of a larger powder charge was recognized; however-, the 
springing operation was not satisfactory since it was im
possible to always obtain the same size chamber. The pur
chase in 1948 of two churn drills capable of drilling 12- 
inch holes made springing no longer necessary. These larger 
drills were tested against smaller drills in various sec
tions of the pit. The results of these tests are tabulated 
in the following table:

84. Ormsby, L., and Lines, H., op. cit., p. 2.
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Table 18. A comparison of the drilling rates of large and 
small churn drills at Morenci.

Type of Drill Character of Bock Feet per Shift
Large, with 12-inch bit Hard 61.3Small, with 9-inch bit Hard 43.3
Large, with 12-inch bit Medium 67.8
Small, with 9-inch bit Medium 61.4
Large, with 12-inch bit Soft to Medium 87.9
Small, with 9-inch bit Soft to Medium 74.1

By 1949} 14 large and 16 small churn drills were in 
operation at the Morenci open pit. Having the larger drills 
operate in the harder sections of the pit made it possible 
to increase the drill footage per shift from 79 in 1948 to 
86 in 1949.

85Primary Drilling and Blasting at the Cananea
Open Pit

The Cananea open pit has several blasting problems 
which are not encountered at either New Cornelia or Morenci. 
Blasting in the Cananea pit must be conducted in such a 
manner that the final pit wall is kept to a 6 0° slope.
This means that large blasts must be eliminated since the 
shock from such an explosion might crack and damage the

85. Crocker, K. B., Blasting Practice At The Cananea 
Consolidated Copper Company, S. A., Open Pit Operation: 
Open Pit Subdivision, Arizona Section of the American 
Institute of Mining and Metallurgical Engineers, Tucson 
Meeting, Nov. 14, 1949.
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final bank slope. The average blast at this pit will break 
only 15,000 to 20,000 tons.

Mining in the open pit is carried on in conjunction 
with an underground operation which has workings directly 
under a portion of the pit. Large blasts in the section of 
the pit over the underground haulage drift has caused rock 
spall from the back of the drift. The danger of falling 
rock was reduced several years ago by altering drilling and. 
blasting practice by making the hole interval approximately 
one-third greater than the burden. This hole spacing pro
duced fairly good fragmentation when detonated by a single 
trunk line of "Primacord". The development of millisecond 
delay caps has permitted the hole interval to be doubled, 
in effect, by using millisecond delay caps to fire alter
nate blast holes a split second in advance of intervening 
holes. Blasts at the present time are detonated by means 
of two trunk lines of "Primacord". One trunk line is con
nected to each alternate hole and is detonated by means of 
a zero delay cap. The other trunk line is connected to the 
intervening holes and is detonated by a 75-millisecond de
lay cap. The present open pit blasting method has resulted 
in a marked improvement in fragmentation and a one-third 
reduction in secondary blasting. The use of millisecond 
delay electric blasting caps has decreased shock from open 
pit blasting to the point where rock spalling in the under
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ground haulage drift has been practically eliminated.

Secondary Drilling and Blasting

Secondary drilling consists of the following opera
tions:

1. Air drilling of boulders too large to be handled 
by power shovels.

2. The drilling of hard bottom to permit shovels to 
dig to the proper grade.

3. The drilling of small unbroken hard ribs found in 
a blast area.

4. The drilling of holes for trimming banks to the 
final limits.

"Jackhammers" and wagon drills are the principal machines 
used in secondary drilling. Wagon drills are used for 
drilling toe holes to break hard points, inclined crest 
holes for trimming benches to final limits, and hard bot
tom. "Jackhammers" are used predominantly for the drilling 
of large boulders. Air drilling is generally done wet to 
reduce the dust hazard.

Secondary blasting involves the shooting of these 
boulders, trim holes, hard ribs, and hard bottoms. Exper
ience at Mew Cornelia has indicated that a 6-cubic yard 
boulder requires approximately one-third of a by 12 inch
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40 per cent special gelatin cartridge. Boulders which
have not been drilled can be broken by plaster shooting or
"adobing", a method of secondary blasting developed during
the war years when a manpower shortage kept many open pits
from having sufficient air drill crews to block-hole all
boulders which required secondary blasting. It was found
at New Cornelia that a 6-cubic yard boulder could be broken
with 5 pounds of 60 per cent special gelatin dynamite, and
that fragmentation would be increased if approximately 10

8?pounds of adobe mud were placed on the explosive. The 
loading time for block-holing and for "adobing" boulders 
was approximately the same. Plaster shooting of boulders 
eliminated the cost of drilling, reduced the size of the 
secondary drilling crew, and allowed boulders to be broken 
in less time than required in block-holing. The principal 
disadvantages of plaster shooting are that rock fragments 
are thrown over a large area and a terrific concussion is 
caused by the blast.

Major changes at New Cornelia in 1949 included the 
addition of four portable compressor units and the adoption 
of tungsten carbide insert bits for use with the 30 and 45

86. Niemi, A. E., op. cit., p. 6.
8 7. Niemi, A. E., op. cit., p. 7 .
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pound 11 jackhammers" used in block-holing boulders. Two 
air compressors were mounted on trucks and two were in
stalled on trailers. The truck-mounted units, because of 
greater mobility, were more useful than the compressors 
mounted on trailers. Portable compressors have eliminated 
the expense of installing and maintaining air lines, and 
can be readily moved from one location to another.

The tungsten carbide insert bits are 1 5/8 inches and
89are run until the gauge has decreased to 1 1/4 inches.

A test using 31 insert bits showed that the average footage 
drilled per bit was 714. Each bit was sharpened an average 
of 5.1 times. Recent tests at New Cornelia indicated that 
less breakage and longer steel life can be obtained by 
changing from 7/8 inch hexagon to 1 inch round steel. A 
test of 30-and 45-pound "jackhammers" using tungsten carbide 
bits showed drilling rates of 6.70 and 8.95 inches per min
ute for the respective machines.

In 1951) 3-inch insert bits were adopted for wagon 
d r i l l s . T h e  1 5/8-inch insert bit was generally discard
ed because of gauge loss. The principal causes of failure 
in the 3-inch bit were broken skirts, stripped threads, and

88. Lentz, J. A. Jr., op. cit., p. 4.
8 9 . Lentz, J. A. Jr., op. cit., p. 5.
90. Cratty, D. R., op. cit., p. 4.
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broken inserts. These bits averaged 190 feet per sharpen
ing and drilled an average total depth of 467 feet.

Experiments at Nevz Cornelia have led to the adoption
of a "drop ball" crane mounted on a truck for shattering

91boulders formerly broken by block-holing or "adobing".
The drop ball weighs 5 to 6 tons and after the crane is in 
position, can break a boulder in approximately 1̂ - minutes. 
The anticipated advantages of the "drop ball" crane include 
reduction of both secondary drilling and blasting expenses, 
and less interference with other operations.

Secondary drilling and blasting at the Morend open
92pit has been discussed by Ormsby and Lines as follows:

The secondary air drill footage per year 
represents an interesting development in the 
Morend Open Pit and is best illustrated by a 
yearly comparison of total secondary air drill 
footage to overall daily production.
Table 19. A comparison of secondary air drill 

footage to overall daily production 
at 1.1 or end.

Year Feet Drilled Average Daily Production, Tons
1940 388,230 37,000
1941 509,470 57,000
1942 458.669 87.200
1943 401,090 112,800
1944 167,301 99,500
1945 132,301 71,200
1946 103,248 100,000
1947 144,808 111,500
1948 100.560 114.100

91. Cratty, D. R., op. cit., p. 5»
92. Ormsby, L., and Lines, H., op. cit., pp. 5-6.
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The years 1940, 1941; and 1947, 1948 
represent considerable development and opening 
of new areas, and are probably most directly 
comparable for secondary drilling results.
With a remembrance of mining conditions during 
the last war, a glance at the above chart gives 
rise to the speculation as to what the normal 
course of air drill progress would have been 
had the war (with its resultant shortage of men 
and materials) not intervened. Efforts at Mor- 
enci have been directed toward reduction of sec
ondary air drilling for the very obvious reason 
that costs in relation to ground breakage ob
tained are disproportionately large. No advances 
have been made in that operation which are com
parable to present underground progress. The 
drilling practices and the footage per shift have 
been comparatively static with the result that 
there has occurred an increase in costs per foot 
drilled due to the effects of higher wage rates 
and increased supply costs.

The air drill needs in an open pit mine are 
not the same as in underground mining and al
though the same general equipment is used a much 
greater degree of mobility for both men and ma
chines is demanded. Wagon drills presently in 
use give a good account of themselves when set 
up and operating, but the individual drilling 
jobs are small and a large amount of time is con
sumed in moving machines and air and water lines 
between locations. Problems incident to air 
supply have been eliminated in some measure through 
the use of truck mounted 315 C.F.M. air compress
ors.

In 1947 the practice was adopted of using 
mud capping entirely on boulders set back by 
shovels. A standard charge of .7 lb. of powder 
per cubic yard of boulder was established. This 
practice was estimated to be about 30$ cheaper 
than block-holing under conditions prevailing at 
that time. In 1948, however, two 31? C.F.M. port
able air compressors were purchased and air avail
ability was so improved by their use that it was 
found that boulders could be block-holed at approx
imately the same cost as for mud capping. Inas
much as mud capping presented certain hazards due 
to flying rock it was decided to abandon that prac
tice and return to the block-holing method for the 
breaking of boulders.
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CHAPTER VII 

Excavation

Power shovels are used for loading ore and waste into 
railroad cars or trucks at open pit copper mines. Drag 
lines have been used in some open pit coal mines, but are 
not practical for the porphyry copper ore bodies because 
of the inability of the drag line to reach all of the brok
en material from the top of the bank. Furthermore, drag 
lines do not have as positive a crowding motion as power 
shovels and for this reason are not as satisfactory as shov
els for the loading of ore and waste and for the "facing up" 
of banks.

The railroad-type steam shovel was the first power
• 0 3shovel used in open pit iron and copper mines.z The first 

important change in improving the efficiency of this machine 
was mounting it on caterpillar treads. The next improve
ment involved the substitution of electric motors for the 
inefficient and bulky steam equipment. The shovels in use 
at the present time in open pit copper mines are caterpillar

93. Gardner, E. D., and Hosier, McH., op. cit., pp. 2-
8.
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mounted, either electric or diesel powered, and full re
volving. Technological improvements during the last 30 
years have made possible a tremendous advance in operating 
shovel efficiencies.

Some steam shovels are still in use in several mines 
where the shovels are on hand and the purchase of new 
equipment is not justifiable.

The advantages gained by placing steam shovels on
caterpillar tread have been discussed by Soderberg as fol-
•, 94lows:

The first shovels placed in operation at 
Bingham were 6 0-ton steam shovels. Soon how
ever, the 90- to 100-ton railroad-type shovel, . 
on tracks of 4-foot 8̂ — inch gage, was made the 
standard digging unit. In 1923 the first cater
pillars were placed under these machines, con
sisting of one tractor under each jack-arm and 
one trailer tractor under the rear of the cab. 
This change is without a doubt the greatest 
advance made in shovel practice during the past 
20 years. It meant that no tracks had to be 
maintained on which to operate the shovels, 
the short rail sections were dispensed with, 
and the pit crew was reduced from four or six 
men, depending on the condition of the shovel 
floor, to one man. More important than this 
saving in labor, perhaps, is the facility with 
which the shovel can, by its own power, move 
forward and backward at a moment's notice. It 
would be difficult to state just how many times 
a shovel has been saved from being buried by 
reason of the caterpillar equipment. With the 
shovels on rails it was necessary to block the 
machine in position so that it would not move 
backward while filling the dipper. This, of 
course, prevented any quick action on the part 
of the shovel crew in getting their machine

94. Soderberg, A., op. cit., p. 14.
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back out of danger. Every move-up of the 
machine would require from 10 to 15 minutes, 
whereas now no time is lost in this part of 
the procedure. Shovel-loading efficiencies have 
been advanced materially by the elimination of 
this delay. Average shovel loadings during 
1923; when the old railroad-type steam shovels 
using 3i—yard dippers were in use, was 2 ,3 5 0  
tons of ore per shovel shift, as compared with 
an average of 3 ,9 6 6 tons for the year 1928 
loaded with electric shovels mounted on cater
pillars and using 4^-yard dippers.

The loading efficiency of a "P and H" model 1400 
electric shovel of 4-cubic yard capacity used in the Inspi

95ration open pit was 5;446 tons per shovel shift.

Motive Power

Steam

Steam shovels became obsolete because the overall 
mechanical efficiency was low as fuel was consumed while 
the shovel was doing no useful work, the available operat
ing time was decreased by servicing with coal and water and 
for checking and cleaning boilers. The cost of labor, as
compared to an electric shovel, was higher due to the ne-

96cessity of providing a fireman.

95* Inspiration Open Pit General Information, op. cit. 
9 6. Gardner, E. D., and Hosier, McH., op. cit., p. 10.
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Electric

Full revolving caterpillar-mounted electric shovels
are currently used at most of the large open pit mines for

97the loading of ore and waste. Thorne states:
During 1 year of normal operations when 

the shifts operated by electric shovels were 
nearly equal in number, it was found that the 
electrically operated shovel showed a saving 
of more than $70 per 8-hour shift of operation.
The first electric shovel on the Mesabi range was

98designed by R. S. Walker in 1920. This machine had Ward- 
Leonard control and proved so successful that it introduced 
a new era in electric-power shovel design.

Electric power is transmitted to the shovels by heavily 
insulated rubber cables. There must always be excess cable 
at each shovel position to permit the shovel to move for
ward during normal digging operations. Slack cable may be 
stored on a wood platform mounted on steel skids, or coiled 
in an orderly fashion at the rear of the shovel.

Cable can be moved from one location to another by 
coiling the cable on steel sleds which are pulled to the 
desired location by bulldozers. Ground crews frequently 
transport cable to a new position. Each member of the crew

97* Thorne, H. A., Mining Practice At The Chino Mines, 
Nevada Consolidated Copper Co., Santa Rita, N. Hex.: IT. S. 
Bureau of Mines Information Circular 6412, 1931, p. 22.

98. Shillings’ Mining Review, Electric Shovel Begins 
Work at Wabigon Mine: October 2, 1920, p. 1.
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is provided with insulated tongs which are used to apply 
a pulling force on the cable. The pulling of cable for 
normal digging operations is handled by the pit man.

Major damage to cable results from boulders which roll 
down banks and rupture the cable insulation. Cables are 
frequently damaged by shovels while maneuvering in the dig
ging pit. Steel supports or bridges are frequently used 
to suspend cable over roads.

Diesel and Gasoline

Diesel-and gasoline-powered shovels are smaller than
the electric powered shovels found in large open pits. One
open pit copper mine uses a l^-cubic yard diesel shovel for
making preliminary grades on side hills in establishing new

99benches. Diesel and gasoline powered shovels usually are 
small enough to allow them to be loaded on flat cars under 
their own power.

Operating expenses for diesel powered shovels compare 
favorably with those of electric shovels. Diesel shovels 
generally have a higher initial cost and require more expert 
maintenance labor than a gasoline shovel of comparable size.

Shovel Capacity

Theoretical shovel capacity is determined by consider-

99* Gardner, E. D., and Hosier, McH., op.cit., p. 12.
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Ing the time required for loading, swinging, dumping, and 
returning for another dipper load. Working capacity is es
timated hy applying to the theoretical efficiency, a factor 
which compensates for light dipper loads, operator effi
ciency, and for delays encountered in normal digging opera
tions.

A comparison of theoretical capacity and of actual 
capacity determined hy time studies under operating condi
tions, indicates that shovels are approximately 65 per cent 

100efficient.
The estimated working capacity of a 4-cuhic yard 

electric shovel making an average 9 0° swing would be deter
mined as follows
Table 20. Determination of shovel capacity.

EasyDigging hardDiggingCalculated time of swing and return, sec. 7.7 15.9Time of load and damn, sec. 11.0 lb.0Time of complete cycle, sec. lb.7 33.9Cycles per hour 193 106Available output (cycles per hour timesdipper capacity), cu. yds. per hour 772 4£4Efficiency factor, per cent 65 65WorkinE capacity (efficiency factor timesavailable output), cu. yds. per hour 502 &CXJ

100. Gardner, E. D., and Hosier, McH., op. cit., p. 12.
101. Gardner, E. D., and Hosier, McH., op. cit., p. 13.
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Dippers

The principal improvements in dipper design have re
sulted from the use of welds to replace riveted joints, and 
the adoption of alloy steels. A 5-cubic yard dipper made 
of alloy steel weighs no more than an old style 4-cubic 
yard dipper. Steel dippers can be used only where digging 
conditions are not severe. Manganese steel dippers still 
give the best results where digging is extremely hard.

The number of teeth placed on a dipper is determined 
by the nature of the rock. More dipper teeth are used for 
loading hard abrasive rock, since the additional teeth tend 
to reduce wear on the lip of the dipper.

Some mining companies have attempted to prolong the 
life of dipper teeth by using replaceable points. The teeth 
are permitted to wear down before being sent to the welding 
shop. At the shop each tooth has its point-end squared.and 
a new point tack-welded to the tooth base. The point is 
then firmly welded to the base and the entire wearing sur
face protected by a hard steel coating applied by welding 
rod.

Digging Cables

The selection of a digging cable for a power shovel 
is based on the type of rock being excavated, diameter of 
sheave and drum, operating speeds, possibility of overwind
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ing on the drum, and capacity of dipper. Flexible ropes 
must be used on sheaves and drums of small diameter. High 
shock loads which result from hard digging necessitate a 
stronger rope than the ordinary cast-steel rope. Improved 
plow-steel is generally used where high shock loads are 
anticipated. Lange lay is used wherever the rope must with
stand considerable abrasion. High operating speeds require 
a flexible rope. The load which the shovel cable must lift 
is also an extremely important factor in determining the 
size of rope. Shovels of approximately 2-cubic yard capac
ity will generally have a 9 "by 19 cable, while 6 by 37 con
struction is used for large shovels requiring a rope at

102least 1 3/4 inches in diameter.

102. Gardner, E. D., and Hosier, McH., op. cit., pp. 
14-15.



140

CHAPTER VIII 

Transportation

Rail haulage was the principal means employed for 
transporting ore and waste at large open pit copper mines 
until approximately 1937* Trucks had been sufficiently 
improved by 1937 to warrant consideration as primary haul
age units. Truck haulage is being used for ore and waste 
in the pits at Ray, Castle Dome, Bagdad, and Inspiration. 
Trucks are being used for stripping the Lavender pit at 
Bisbee and the Copper City mine near Miami, Arizona. Rail 
haulage is used for transporting both ore and waste at Ajo 
and for moving approximately 90 per cent of the rock at 
Morenci. Trucks are used at Morenci in preparing areas for 
rail haulage, moving isolated hills on the border of the 
pit, stripping areas too high above the main haulage levels
for economical rail operations, establishing levels on the

103sides of hills, and starting new drop cuts.

Rail Haulage

Steam locomotives were first used at most copper mines

103. Zerfoss, G., op. cit., p. 1.
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employing rail haulage. These mines were equipped with 
steam units prior to 1930 because diesel-electric and trol
ley type locomotives had not been sufficiently perfected to 
warrant consideration. Steam locomotives had high operat
ing expenses because these units required the services of 
firemen, had considerable loss of operating time due to 
loading the tender with water and coal, a fire-box and 
boiler repair crew had to be maintained, and fuel was con
sumed even though no useful work was being done.

Electric locomotives can haul heavier loads up steeper 
grades and at faster speeds than can steam locomotives.
The absence of a tender reduces the overall train length. 
Electric locomotives have a higher initial cost than steam 
locomotives and require a considerable expenditure for pow
er stations, substations, and trolley installations. Before 
an operating mine can change from steam to electric locomo
tives, it must first show that the economies resulting from 
such a change will more than offset the expenses incurred
by making the transition.

104Moore has compared haulage costs for both steam and 
electric locomotives in the following table:

104. Moore, L. C., Open-Pit Transport on the Mesabi 
Range, TV. Steam Haulage Versus Electric Haulage, the Cost 
of Power: Engineering and Mining Journal, vol. 140, No. 1,
January 1939? P« 4-9.
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Table 21. A comparison of costs of steam haulage and 
electric haulage.

Investment:
Electric
Steam

Capital Increase
$232,000
162.000

7 0 ,0 0 0

Annual operating expense, including 
fixed charges:

Steam 167,015Electric 120.950
Annual saving by electric 

operation 46,065
Returns shown by electric operation: 

On gross investment, per cent 19.8
On capital increase, per cent 65.8

A choice sometimes has to be made between diesel- 
electric and trolley type locomotives. The diesel-electric 
engine has a higher initial cost since it has a separate 
power plant on each unit. Because it is a much more flex
ible locomotive, it can operate on diesel power over reason
ably level sections of track, thus saving the expense of 
completely electrifying the track system.

A. T. Barr discussed the factors affecting the choice 
of motive power for the recently electrified New Cornelia

105pit as follows:
During the course of the studies on the 

modernization of the haulage system, it was 
decided that trolley-electric locomotives would 
be the most suitable units for the main part

105. Barr, A. T., Diesel-Electric Locomotives At Ajo:
Mining Congress Journal, March 1950.



of the haulage joh, which consists of hauling 
loaded trains up the heavy grades on the main 
line to the crushing plant and the approach 
tracks to the waste dumps. The problem then 
became one of deciding whether the locomotives 
would be straight electric necessitating the 
electrification of practically all tracks in 
the haulage system, or whether they would be 
provided with auxiliary power for service over 
bench and dump tracks and other non-electrified 
tracks in the system.

It was recognized that straight electric 
locomotives were standard equipment with proven 
performace and low operating and maintenance 
cost records on many rail haulage operations; 
however, there were serious disadvantages to 
electrifying some of the tracks in the New 
Cornelia system. It was believed, for instance 
that the maintenance of trolley along the bench 
tracks, which had to be removed and relaid to 
conform with blasting and shoveling operations, 
and the maintenance of trolley along loading - 
tracks for drop-cut and other shoveling opera
tions where bench room is restricted, and along 
the temporary dump tracks would be expensive 
and at times cause serious operating delays.
The installation of trolley at the crushing 
plants where there was interference from over
head cranes and other equipment was also a 
difficult problem. Added to the maintenance, 
operating and installation disadvantages of 
complete electrification was the cost of elec
trifying some 20 miles of bench, dump, yard and 
other tracks which were either level or on com
paratively light grades. It was decided that 
the better solution to the problem was to elec
trify only the: main line and dump approaches, 
and provide auxiliary power on the locomotives 
for operation on non-electrified tracks in the 
system.

Diesel engines were selected for auxiliary 
power on the locomotives, and it was determined 
that a maximum of 650 hp., either in one 650 hp 
unit or two 325 hp. units, could be installed 
on a standard trolley-electric locomotive with
out exceeding a maximum locomotive weight of 
125 tons. This was more auxiliary power than 
was necessary for haulage over comparatively
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level bench and dump tracks, but.at times it 
could be fully utilized for haulage over grade 
tracks where it was difficult to install trolley. 
The combination trolley and diesel-electric 
locomotive which was built was designed to per
form under various conditions of haul as follows:

Table 22. Diesel-electric locomotive design data at New 
Cornelia. .
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Level Track 475 7.800 195 168 17.5 130 23.4 168 28.82$ Grade 475 11.820 715 342 5.0 342 14.6 106 1 6 .7
3$ Grade 475 42,875 900 432 3.4 432 13.3 485 15.0 a

a. Actual performace was 17 mph., thus exceeding 
that calculated.

Operating characteristics for the diesel-electric loco
motives designed for the New Cornelia mine have also been

106discussed by Barr:
Up to July 1, 1949) the seven locomotives 

had worked a total of 10,235 locomotive shifts 
and had hauled 1 8 ,2 5 3 )0 0 0 tons of material at 
an average rate of 1783 tons per locomotive shift.
The average distance hauled was 2.46 miles, and 
the average lift was 264 ft. Electric power con
sumption was 1152 kwhr per locomotive shift.
Diesel fuel oil consumption was 30.9 gals, per 
locomotive shift.

A typical haulage cycle for the electric 
locomotives serving an ore shovel on the 1500 
level is as follows:

106. Barr, A. T., op. cit.
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Table 2 3 . A typical diesel-electric haulage cycle at 
New Cornelia.

Phase of Cycle Motive Power
Time
Min.

(a) Spotting cars being loaded 
bv shovel Diesel-electric 40

(b) Load trip to crusher:
(1) mile bench track
(2) Up miles main line,

3$ max. grade
Diesel-electric
Trollev

2
9

(c) Spotting cars.being dumped at crusher Diesel-electric 5
(d) Return trip to shovel:

(1) Down 24- miles main line
(2) 3/4 mile bench track

Trolley
Diesel-electric 7J L

Total time excluding delays 65

One of the two Diesel engines on the loco
motives can furnish sufficient power for all 
phases of this cycle excepting the load trip on 
the bench from the shovel to the trolley. The 
practice is therefore to run one engine con
tinuously, and use the second engine only as 
needed. The second engine is usually started as 
the fourth car in the train is being loaded, 
and both are then operated until the trolley is 
reached, when the second engine is hhut down for 
the balance of the cycle. The engines are alter
nated on continuous and intermittent operation 
every shift. On trips to the waste dumps both 
engines are operated for the load trip over the 
dump track in addition to the load trip over the 
bench track in the pit.

The speed attained by trains on bench and 
dump tracks is dependent upon the condition of the 
track but averages about 10 mph. The maximum 
speed up the main line is dependent upon trolley 
voltage and amount of load on the cars, and varies 
from 15-17 mph over the three per cent grade sec
tion. The maximum safe speed down the main line 
is limited by the braking power on the locomotive 
and cars and is about 25 mph.

The availability of the locomotivescalcu
lated on the basis of hours worked out of the possi
ble hours of scheduled operation is 95 per cent.
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Railroad Cars

Railroad cars used in open pit copper mines are gen
erally of the side dump type although some mines have used
cars which are unloaded by means of full revolving tipples. 
The first side dump cars used in open pit mining were of 
small capacity and frail construction. It was not uncom
mon for these cars to collapse from the impact of large 
boulders dropped into them during the loading operation.
The side dump cars in use at the present time at many copper 
mines have capacities ranging from 60 to 80 tons and are of 
sufficiently rugged construction to withstand all loading 
shocks. These cars are dumped by means of large air cylin
ders which raise the car body and lower the dump side until 
body and dump side are tilted 45° from the horizontal.
These cars are designed to dump on the side opposite the 
trigger mechanism.

10

Tracks

All major open pits employing rail haulage have stan
dard gauge track. Many of the original systems had 90- 
pound rails, but the introduction of heavier rolling stock 
has necessitated the substitution of heavier rails.

One of the large expenses in rail systems is the main-

107. Gardner, E. D., and Hosier, McH., op. cit., p. 20.
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tenance and constant shifting of bench and dump tracks. At
New Cornelia, approximately 700 feet of dump track and 1200

108feet of bench track are relocated daily. Bench track is 
constantly being relocated to keep it within the loading 
radius of the shovel as successive cuts are made.

In the early days of open pit mining, rail grades were 
prepared and ballasted by hand, and ties and rails were 
assembled in the field. The large track gangs required for 
this operation have been reduced by using bulldozers, root
ers, and graders for preparing grades, and using prefabri
cated track sections which are placed in position by means 
of a railroad crane.

The laying of panel track at the Horenci open pit has
109been described by W. C. Lawson. Bulldozers and rotters 

are used in the preliminary stages in preparing a grade 
while an auto-patrol grader is employed in the final stage. 
A rooter is used to break hard points which cannot be hand
led by the bulldozer. Only rarely is it necessary to blast 
high points which cannot be broken by the rooter. At Mor- 
enci, it has been found that four bulldozer shifts are re
quired to prepare 1000 feet of panel-track grade; however,

108. Barr, A. T., op. cit.
109. Lawson, W. C., Laying Panel Track at the Morenci 

Open Pit: Technical Publication No. 2 1 8 9, American Insti
tute of Mining and Metallurgical Engineers, July 1947*
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an auto-patrol grader can smooth 4000 feet of "bulldozer 
grade in one shift. In 194?, the costs of operating the
mechanical equipment for preparing road grades were as, „ 110 follows:

Table 24. The costs of preparing road grades at Morenci.

Equipment
Costs per shift, 
including the operator1s 
time. ■

Bulldozers and road graders $85.76
Diesel locomotives 40.82
Locomotive cranes 20.21
Trackshifters, about 20.00

The daily rates of pay for locomotive crane, bulldozer and 
road grader operators, locomotive engineers, and track- 
shifter operators were $8.l6, $8.21, and $7 .5 2, respectiv
ely. The work week was 48 hours with time-and-a-half being 
paid for all time in excess of 40 hours.

Truck Haulage

Trucks have two general uses in open pit mining. They 
can be used either as main haulage units or as auxiliary 
haul units for jobs which would be inconvenient for a rail 
transportation system.

Trucks are used as primary haulage units where the 
deposit is small and will not stand the large capital in-

110. Lawson, W. C., op. cit.
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vestment of a rail system, where extreme transportation
flexibility is required, and where topographic conditions
are such that loads must be hauled up relatively steep
grades. The maximum economic grade for loaded trains is
approximately 3 per cent; trucks, however, can haul loads
up grades as steep as 20 per cent. The grades from shovel

111to ore bin at Bagdad vary from 0 to 16 per cent. Maximum 
road grades at the Inspiration^"^ and Castle Dome^^^ prop
erties are 7 and 8 per cent, respectively.

The type of truck to be used in an open pit is deter
mined by the maximum grade encountered in the given pit.
The present tendency is toward truck units with engines 
rated at 300 to 350 horsepower. Several mines are experi
menting with trucks having torque converter units. It is 
expected that torque converters will reduce maintenance of 
engines, clutches, transmissions, drive lines, and brakes. 
Experience at Morend showed the conventional type clutch

111. Dickie, E. R., Open Pit Truck Haulage, Bagdad
Copper Corporation: Open Pit Subdivision, Arizona Section
of the American Institute of Mining and Metallurgical Eng
ineers, Inspiration Meeting, May 7? 1951> p. 2.

112. Brief Description of Truck Haulage at Inspiration: 
Open Pit Subdivision, Arizona Section of the American Insti
tute of Mining and Metallurgical Engineers, Inspiration 
Meeting, May 7, 1951, p. 1.

113• Van de Water, J. C., Truck Operation At Castle 
Dome: Open Pit Subdivision, Arizona Section of the Amer
ican Institute of Mining and Metallurgical Engineers, 
Inspiration Meeting, May 7, 1951, p. 1.
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to be adequate with loads up to 22 tons. The necessity 
of hauling loads of 35 to 40 tons speeded the development 
of torque converter units.

Early model truck bodies were too light to success
fully withstand loading shocks. Body designs have been 
improved to the point where the bodies now give many months 
of service. Several mines prolong the life of a truck bed 
by covering it with angle irons placed heel up and welded 
to the bed. Broken rock falls and slides on the angle irons 
during the loading and dumping operations. Two types of 
dump trucks are in common use at the present time. Most of 
the trucks observed by the author have been of the end dump 
type, although several bottom dump units have been observed 
in recent months. Bottom dump trucks are not quite as 
efficient for hauling waste because all the dumped load 
must be pushed over the edge of the dump by bulldozers.
End dump trucks can unload waste'at the dump so that only 
a negligible portion of the load must be moved by bulldoz
ers.

Tires

The high cost of tires for trucks makes it an economic 
necessity to reduce wear of tires as much as possible. It 
has been estimated that 80 per cent of all tire failures

114. Zerfoss, G., op. cit., p. 2.



occur either near the shovel or on the waste dump. Ex
cessive tire wear can he reduced by maintaining good road 
and dump surfaces and by driving carefully at the correct 
speeds. Good road surfaces are maintained by constant grad
ing with an auto-patrol grader. Roads are usually sprinkled 
with water several times daily to reduce dust which causes 
excessive engine wear. Several mines employ carry-alls 
which clear the roads by scooping up fallen rocks. A rock 
six inches in diameter is capable of ruining a $400 tire.
The dump surface at the Ray open pit is smooth enough to be 
used as a landing field for small aircraft.

The tires used at the Inspiration property"^^ are 
14:00-24, 20-ply rock service, and are inflated to a press
ure of 75 pounds per square inch. These tires are mounted 
on Budd wheels and average 17,262 miles without recapping.
An average of 5,502 original tire miles are sacrificied by 
recapping while 4,342 miles are gained, making an average 
net loss of 1,160 miles. These figures indicate that re
capping is not economically feasible at the Inspiration 
open pit. Recapping is practiced at Inspiration for rubber 
conservation rather than economy reasons.

Van De Water discussed tire wear at Castle Dome in the

115. Zerfoss, G., op. cit., p. 1.
116. Brief Description of Truck Haulage At Inspiration, 

op. cit., p. 2.
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following table: 117

Table 25. Tire wear at Castle Dome.

No.
Tires Original

Miles
Average
Miles

NumberBe—
Cans

Re-Cap
Miles

Average
per

Re-Can
Total
Miles

Total
Average

72 906,344 12,588 63 464,363 7,371 1,370,709 19,038

Haulage Expense

The costs per ton of material hauled at the Bagdad pit
during 1950 and the first quarter of 1951, are illustrated

118in the following table. The author of the article did
not give distance of haul.

Table 2 6 . Truck haulage costs at Bagdad.

Euclid 
15 TD

Euclid 54 
TD, 1st. i  
1 9 5 1, only

Dart 140 Dart 140 TC 
1st. i 1951, 
only.Labor $0.0163 6 0 .0 1 8 8 $0.0188 $0.0169Taxes .0006 .0 008 .0007 .0007

Vacations
and Bonus .0007 .0001 .0007 .0002

Tires and
... Tubes .0195 .0096 .0156 .0030
Lubrication .0028 .0025 .0039 .0035
Miscellaneous .0069 .0066 .0126 .0043
Maintenance

and Repairs .0231 .0167 .0386 .0081
Industrial

Insurance .0015 .0013 .0018 .0 0 1 1
Fuel .0075 .0099 .0120 .0087
Total .0789 .0661 .1044 .0465

117. Van De Water, J. C., Truck Operation At Castle
Dome5 op. cit., p. 4.

118. Dickie, E. R., op. cit., p. 2.
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Trucks as Auxiliary Eaul Units

Trucks, because of flexibility of operation, have been 
found to be extremely useful equipment around a mine employ
ing rail haulage. Having enough trucks to service one shov
el makes it possible to carry out a number of mining opera
tions which can only be accomplished with difficulty by a 
rail transportation system.

The efficiency of an operation can frequently be im
proved by establishing new dump grades. These grades were 
constructed at Chino by laying track in the proper area and 
then dumping waste on both sides of the track. Continuance 
of this sequence made it possible to raise the dump to
desired grade and finally, after much work, to lay the final

119dump track. Ballmer has suggested that this operation 
could be done by trucks at a considerable saving of time 
and effort. The grade could be staked out and waste mater
ial dumped by truclcs at the beginning of the grade. Bull
dozers could work the waste material to final grade, and 
as it took shape, trucks could use the end of it as a dump 
area. The action of the trucks moving over the completed 
portion of the grade would tend to consolidate the fill.

Old benches sometimes have to be re-opened. This can

119• Ballmer, G. J.,^Trucks As Auxiliary Haul Units: 
Open Pit Subdivision, Arizona Section of the American Insti
tute of Mining and Metallurgical Engineers, Inspiration 
Meeting, May 7? 1951, pp. 1-2.
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be done by using a bulldozer to push the overcast over the 
crest of the bank, thus providing sufficient room for the 
shovel and the railroad tracks. If there is not sufficient 
room on the lower level for over casting, some other dis
posal means must be provided. It has been suggested that a
shovel could load this material into a fleet of trucks which

120could haul the rock away for final disposition.
The usual procedure for establishing a drop-cut for a

rail operation is by means of a box-cut whereby a shovel
excavates until the grade has dropped 6 to 8 feet, at which
time it levels off and excavates on this grade for the length
of the level. The shovel is returned to the starting point
and a new 6 tp 8 cut is taken with the broken material being
loaded into railroad cars operating on rails laid in the
previous cut. This cycle is repeated until the proper depth
has been attained. Blasting for a drop-cut of this type is
extremely expensive because there is only one free face to

121break. Ballmer suggested that a better method would be 
to lay out the drop-cut and drill it to grade. When suffi
cient material is drilled, all the holes are loaded and 
shot. A shovel can then be started down the grade with 
broken material being loaded into trucks spotted behind the

120. Ibid, p. 3.
121. Ballmer, G. J., op. cit., p. 4



shovel. A completed grade ready for track will be avail
able as soon as the shovel gets to the other end of the 
cut. Blasting efficiency will be improved since all but 
the initial blast will break to two free faces.



CHAPTER IX

DEVELOPMENTS AND TRENDS IN OPEN PIT MINING IN
THE SOUTHWEST

A study of open pit mining operations in the south
west from 1917 until the present time as presented in this 
thesis reveals the developments and trends which follow:

1. During the past 35 to 40 years, churn drill sludges 
have been substituted for air drill samples in the 
sampling procedures at open pit mines in Arizona.

2. The estimation of ore reserves has in the past and 
is now mainly accomplished by the polygonal prism 
method although the triangular prism method has 
been used to a limited extent.

3• Before 1935 holes for primary blasting were almost 
universally drilled by air machines. The small 
diameter of the holes, approximately two inches, 
necessitated the springing of holes for increasing 
powder capacity and the use of multiple row blast
ing. Churn drills had been sufficiently perfected 
by 1935 to 1937 to warrant consideration of their
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use for the drilling of holes for primary blasting. 
Churn drills capable of drilling holes of 9-inch 
diameter were adopted during this period and were 
used until 1949 when machines capable of drilling 
holes of 12-inch diameter were installed at several 
mines. The advantages gained from the larger hole 
include larger powder holding capacity, an increase 
in permissible space between adjacent holes, the 
placement of the holes at a greater distance from 
the crest of the bank, and a reduction in the number 
of holes required for breaking a given tonnage.

The collars of churn drill holes were formerly 
protected from caving by means of 8 to 10 foot 
lengths of churn drill casing which were left in 
place during the loading and blasting operations. 
Damage inflicted by blasting resulted in high costs 
for repairs and replacement of casing. A recent 
improvement at several open pits in Arizona is the 
development of a method whereby Portland cement is 
used to support the collars of churn drill holes.

4. Until the beginning of the second world war, second
ary blasting in the open pits in the southwest was 
accomplished by "block-holing" the boulders. A 
shortage of drill crews during the war resulted in 
the adoption of the "adobing" method for the break-
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ing of boulders. The high concussion and the dang
er of flying rock fragments resulted in a return to 
the use of the "block-holing" system as soon as the 
labor shortage terminated.

Secondary drilling costs have been reduced by 
the general adoption of tungsten carbide insert 
bits which, because of the hardness of the inserts, 
can drill many times the footage obtained from the 
bits formerly used.

The difficulty of maintaining air lines across 
the levels in an open pit has resulted in the pre
sent trend in secondary drilling toward the use of 
wagon drills which are powered by portable air com
pressors. Wagon drills, because of increased mobil 
ity, have largely replaced tripod drills in the 
open pits in Arizona.

Experiments are currently being conducted with 
a "drop-ball" crane at one open pit property in 
Arizona, and the results obtained indicate that the 
"drop-ball" will be a useful method for secondary 
reduction work.

5• In the early operation of open pit mines in the 
southwest, benches ranging in height from 25 to 
more, than 70 feet were in use. In order to obtain 
a cleaner separation of ore and waste and in order
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to reduce accidents, the heights of benches have 
been generally standardized at from 40 to 50 feet.

6. The excavating equipment employed in the early 
operations of open pits in Arizona commonly used 
dippers have capacities of 4 to 4-g- cubic yards.
The capacities of shovel dippers have been grad
ually increased and, at the present time, the larg
est shovels in use in Arizona are capable of exca
vating loads of up to 6 cubic yards.

7. Drilling and blasting operations have been improved 
over a period of many years with some of the more 
recent advances being the adoption of more precise 
methods of determining overburden, locations of 
blast holes, and powder charge per hole.

8. Those open pits in which rail transportation systems 
were installed prior to 1930 were limited to steam 
powered locomotives since electric locomotives were 
not sufficiently perfected to warrant consideration. 
Electric haulage systems were perfected by 1937 and 
since then have largely replaced steam powered loco
motives.

Railroad track was formerly assembled in the 
field by large labor crews. This operation was 
expensive since all of the work was done by hand.
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The system of laying track in use at the present 
time is many times more efficient since the track 
is assembled into panels and the panels then taken 
into the field to be emplaced with the aid of a 
railroad crane. The use of larger rolling stock 
has necessitated increasing the weight of the rails.

Truck haulage has made tremendous advances 
since 1937* Trucks are being used as primary or 
auxiliary haulage units at all open pit mines in 
Arizona.
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