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PREFACE

In this work an attempt has been made to cover in a single volume the
whole subject of ore dressing as applied at metalliferous mines in western
America. The subject is treated in a manner designed to be of value and
assistance to several classes of men engaged or interested in the treatment
of ore by concentration processes. While the book is written largely as an
aid to the mine manager or engineer in charge of mining enterprises, it is
believed that the millman also will find in it much of value relating to the
care of machines intrusted to his charge. It is not expected that the work
will displace the hard-earned experience of the metallurgical engineer, but a
man of that class will find in the book many useful and practical data.
The needs of the student have not been forgotten, and a sufficient amount
of theory has been introduced to give him a comprehension of some of the
underlying principles of the art.

There is very little working theory in ore dressing, and what theory
may be deduced is mostly explanatory of the main tendencies to which
particles of ore are subjected in the different treatment processes. Un-
fortunately, as the art stands today, ore particles are subject to other tend-
encies of which no satisfactory measure can be made. There is, at present,
no positive separation machine among ore-dressing devices. All the means
employed to effect separation merely tend to this end. It seems possible
that certain positive mechanical principles will be discovered by which each
and every grain will be forced to pursue a path depending on its specific
gravity although gravity may not be the guiding force. The direct appli-
cation of these forces by machinery, owing to the simplicity and cheapness
of this mode of effecting concentration, would seem to be the goal toward
which inventors should work.

In preparing a single-volume work on ore dressing much must be omitted,
due to the wealth of material from which to choose and the necessity of
treating standard practice in so small a compass. Hence in the present
volume stamps have received scant consideration, being machines which
find little or no application in the ordinary concentrating mill. Amalgama-
tion is not mentioned; this process being deemed outside the scope of a work
on concentration which is essentially the art of enriching ores by mechanical
means. The student will miss any reference to centrifugal machines or
concentration by centrifugal force.

Screen ratios also receive no mention, since the proper succession of
screen sizes should be determined by experimentation. An omission com-
monly observed in technical literature on this phase of the subject is any
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viii PREFACE

reference to the influence of all the forces which enter into the breaking of
the solid ore as it stands in the mine, down to a certain size. Thus mention
is frequently made of “curves of roll crushing,” etc., when as a matter of
fact reduction in size has been performed by blasting, breaking in coarse
breakers, etc., all of which factors are subject to wide variations. In ore
dressing the capacity of a concentrating machine depends not alone on the
tonnage, but to an equally important degree on the amount of unlocking
of the ore fed to it. The determination of the number and size of machines
by a crushing curve will be particularly misleading in the treatment of the
larger sized gradings.

It was hoped that complete working drawings and flow sheets of a half
dozen typical American mills might be inserted at the end of Chapter s.
Response to requests for material of this kind from the larger companies
was very generous, but to have completely illustrated their practice would
have entailed the printing of dozens of sheets of complicated drawings. Only
one view, the long section of the Bunker Hill mill, was found suitable for a
technical work. The small mills either had no drawings of any kind, or only
those of a fragmentary character. It was hoped, also, to present some plans
and flow sheets of “flotation” mills, and a large amount of material was
collected; but owing to the litigation on flotation processes, this information
has been furnished confidentially. For this reason the flotation process
has not received the mention that its importance warrants.

I am under obligation to many: for proofreading, to Messrs. Philip
Argall, Henry Eggers, H. C. Parmelee, Richard A. Parker, and to Harry W.
Robinson of the Colorado Bar; for drawings and information, to Messrs.
Stanly Easton of the Bunker Hill and Sullivan Mining and Concentrating
Co., Carlton F. Moore, of the United States Smelting, Refining and Mining
Co., The Stearns-Roger Manufacturing Co., The Minneapolis Steel Co.,
The Allis-Chalmers Co., The Stephens-Adamson Manufacturing Co., The
Denver Engineering Works Co., The Mine and Smelter Supply Co., The
Deister Concentrator Co., and others. I have drawn freely from the Report
of the Canadian Zinc Commission and from Hoover’s Concentration by
Flotation. I am under obligation to Professor Richards as a teacher, and
to his work on Ore Dressing which has undoubtedly saved me a vast amount
of labor.

DENVER, CoLo.

April, 1915.
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THE THEORY AND PRACTICE
ORE DRESSING

CHAPTER 1

PRELIMINARY CONSIDERATIONS RELATING TO INSTALLATION
OF ORE-DRESSING PLANTS

Introduction.—The purview of this work is the modes of eliminating the
waste portions of metallic ores by mechanical means and without the inter-
vention of the chemical processes of solution, combination and precipitation
or the employment of high temperatures except for roasting and drying.
The separation of the waste from the valuable portions of an ore involves that
principle of physics based on specific gravity producing varying residual
gravitational effects on particles of different specific gravity in loose masses
when agitated in a fluid. Water is most commonly employed as the fluid,
but air has also been successfully used and various light liquids such as
gasoline and ether, have been proposed for performing some of the steps
comprising the art of concentration.

Other physical principles which are employed in separation is the varying
magnetic attraction, according to the nature of the material, of particles to
the pole of a magnet, the repulsion of particles charged with the same sort of
staticelectricity and the varying attraction and repulsion of particles for various
light fluids.

In a few cases separation has been effected by direct screening following
crushing or roasting, which causes one mineral of an ore to reduce to dust
while the other remains in a comparatively coarse state. The methods em-
ployed to use the more important of these principles will be described at
length in a later portion of the book.

Before a separation of the waste portion of an ore from the valuable
portion can be made, it must be unjocked by crushing. The art falls into
three parts crushing or unlocking, grading or preparatory, and finally separa-
tion or concentration.

The chief part of the art deals with machinery and consequently the
problems of ore dressing are largely those of mechanical engineering. The
success of any machine employed in the art will depend upon the discovery -
of correct principles, the employment of these principles in proper mechanical
equivalents, and their performance in such a way as not to affect the work of
other machines unfavorably. In housing ore-dressing machinery buildings
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2 THE THEORY AND PRACTICE OF ORE DRESSING

are necessary and the knowledge of the civil engineer and architect must
be called upon. To consider the whole problem of the equipment of a
mine with a concentrating plant, requires some knowledge of the way in which
ore is deposited in the rocks, the ability to determine whether concentration
is preferable as a mode of treating an ore to other ways, the proper number,
kind and arrangement of the machinery necessary to effect the desired
results, and the housing of these machines. Knowledge of the financial
condition of a mine is also requisite to those who have in charge the question
of the equipment of the concentrating plant, for no matter how adequately
they may fulfill their task of providing the proper equipment, if the mining
enterprise fails, owing to a lack of sufficient ore to pay for the plant, or to a
lack of ore of sufficiently high grade to warrant the erection of a plant, in-
evitably discredit will be cast upon all who have been engaged in its design
and erection. .

In the following pages the metallurgist* will refer to an engineer who
investigates underground conditions to determine whether conditions are
favorable for the erection of a plant with the proper arrangement of machin-
ery; who conducts tests to this end, who designs the plant and places it in
operation. The term millman will refer to the individual who has charge of
the operation of the plant after its completion.

The first question to be answered in the case of any mine is, whether it
needs a plant or not. If this is decided in the affirmative, the size and kind
of plant must be determined. The kind of plant will depend upon careful
test work, and the mode of carrying on this test work will be discussed later.

The development of a mine usually takes place in two well-recognized
ways. The original locator either has resources to develop the mine or
succeeds in borrowing the money for doing this, or at some stage of its history
he forms a stock company using the money secured by stock sales to further
development. The other mode of development is for the locator to sell his
mine or a controlling interest in it to either an individual with ample financial
backing to develop the property,ora company. In the first mode of develop-
ment provisions for equipment are apt to be haphazard in character, and
always in jeopardy from shortness of funds. Such a mode of development
means little money for carefully ascertaining technical facts. Every penny
that is obtained either by stock sales or loans or from the individual’s pocket
is devoted to opening fresh portions of the mine. The small company has a
comparatively large amount of milling ore developed. It cannot get money
for further development, but can to erect a small plant to treat the ore
already disclosed. Many small mills are thus prematurely installed in this
mode of development because of theinability to obtain money readily. Such
a plant as a rule follows the lines of other plants in the same district, and no
work would be done to determine whether the usual design employed in the
district is suited to the special requirements of the mine. This kind of mill

1 A more comprehensive term would be “ Metallurgical Engineer.”



INSTALLATION OF ORE-DRESSING PLANTS 3

of course does not lead to high technical results, but it should not be decried
since if it were not done in this way, it could not be done at all. Very often
the locator cannot interest big capital in his mine, either because there is not
sufficient ore disclosed, or because the mine does not present a favorable
appearance. If the locator were discouraged by the unfavorable appearance
of the mine, which he seldom is, the growth of mines throughout the world
would be very much retarded.

In the other mode of development the mine will be thoroughly developed
so that the size and character of the ore body will be known as well as what
is the best mode of treatment, etc. Or, in other words, every effort will be
made to discover the best results which can be obtained in treating the ore.

Ore Reserves.—The metallurgist should examine the mine for ore reserves
and especially with an eye to the reserve of milling ore. If there be a report
on the mine by a reputable mining engineer, then the metallurgist may be
warranted or not in drawing conclusions from it as to whether there is
sufficient ore susceptible to treatment to warrant the erection of a plant.
Whether he will accept the conclusions of the reporting engineer will depend
upon its completeness in answering the questions he must know. If he is not
satisfied with such a report or there is no report on the mine, then an ex-
amination should be made at once. The metallurgist should bear the burden
of responsibility of accepting another’s findings, or if there should be none
he should not accept another’s unsupported dictum that the mine is ready for
plant. In most mining engineers’ reports there is usually some attempt at
outlining the probable mode of treatment in some such form as this: so many
tons of second-class reported as being available for treatment purposes of such
and such an average grade and worth as a total so much. The mining
engineer further states that in his belief the ore can be treated in such and
such type of mill at a saving of so much per ton and at a cost of so much per
ton. The cost of the plant will be so much. From such data the mining
engineer estimates the net profit per ton of second-class ore mined and milled.
Only two items of these estimates have been determined by actual test or
sampling, and these are, the amount of ore available for treatment and the
average grade. The statement made by the reporting engineer that the ore
can be treated in such and such a type of mill, will often arise from the
reflection that the deposit is a continuation of one already equipped with a
similar plant in successful operation, or else the ore resembles one which he
knows is elsewhere being successfully treated in a plant similar to the one he
proposes. The estimates of cost of plant and cost of treatment per ton are
obtained in analogous ways. It isnot attempted here to decry such rough
estimates, for if made by a good engineer they indicate to the metallurgist
that there is a very good basis of fact to warrant the erection of a plant which
will be commercially successful. The only way in which actual results can
be made to square with estimated results, is by beginning with rough estimates
and asknowledge increases, finally arriving at correct estimates of costs, profits,
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etc. Very often working in this way from rude figures to more precise ones,
a point will be reached where it can be decided that it would not be profitable
to erect a plant. If there be a sufficient tonnage of ore to cover the cost of
plant and to bear the cost of treatment recommended, and the mine shows
ample indications of life beyond the period necessary to cover costs of
erection, then the metallurgist may proceed to determine whether the process
advocated is a proper one, and also to verify the other figures given by the
mining engineer which bear upon the mill problem. The mine should be
visited by the metallurgist for the purpose of making an examination or
verifying the reporting engineer’s conclusion, or for familiarizing himself
with the facts, to be obtained by inspection of the workings underground,
bearing on the mill problem.

In going through the mine for this purpose, a 10o-ft. scale sample map
may be found convenient. If the ore deposit be a steeply pitching one, a
longitudinal section of the mine on a 20- to 50-ft. scale will be more convenient
for the purposes of study than a plan; on the other hand, wide and flat lying
deposits are most clearly delineated by plan maps on a small scale, one for
each level. These maps should show the width and position of sample cuts
and the assay value of theore. In other words, they should be assay plans or
sections on a scale convenient for carrying. If the ore appears to be of the
same general average across the whole cut at any point and the cut has not been
divided up into smaller cuts of waste and ore streaks, then an estimate should
be made of the percentage of waste and percentage of ore of various grades.
The first-class ore showing, if in any large amount, will be removed under-
ground and shipped direct from the mine. In some mines the amount of
first-class ore is so small that the engineer in making his examination gives
it no consideration, reporting all the ore as second class. The amount of the
first-class ore is, however, an important thing for the metallurgist to notice,
for even a very small percentage will warrant providing means for removing
it by hand sorting in a surface plant. Where the amount of first-class ore
has been large enough to report separately, there will still be the surface
sorting problem, since in nearly every case it will be impossible to remove
all the first-class ore by sorting it underground. Estimates should be made
of the percentage of waste and value of mineral in the second-class portion
of the deposit, and the coarseness of crystallization and more or less freedom
of the various minerals composing the valuable portion of the second-class
ore should be noted. Such rough estimates furnish crude data as to the
suitability of concentration as a mode of treatment.

If the ore occurs as plainly discernible crystals or pure masses in a matrix
of gangue or worthless material and such crystals are of like or even of unlike
mineral, then it is certain that concentration is a suitable mode of treatment.
If such an ore, however, consisted for example of the worthless mineral iron
pyrites through which gold is disseminated in a bright condition, then it is
likely that treatment by amalgamation or cyanidation would he preferable to
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concentration. Concentration, however, would be an available method and
a thorough test would have to be made to determine which was preferable.
On one hand there would be low operating costs and low plant costs with com-
paratively low extraction, while on the other hand there would be high
operating costs and probably higher plant costs than in the case of amalga-
mation, and certainly so in the case of a cyanide plant, but to offset this there
would be a higher percentage extraction of the gold.

Ratio of Concentration.—The question of the percentages of gangue and
valuable mineral is a highly important one and is usually discussed under
the term “ratio of concentration.” The ‘“ratio of concentration” is the
number of tons of ore milled which, with treatment losses, will yield 1 ton
of 'shipping product or concentrate. The whole reason for the existence of
concentration is that the percentage assessment levied by the smelters on the
value of an ore increases as the grade of the ore diminishes. It is cheaper to
do by machinery what would have to be done by high temperature in the
furnaces. An important aspect of the ratio of concentration can best be
shown by two hypothetical tabulations.

(1) The pure mineral in the deposit assays $25 per ton and is mixed with
parts by weight of worthless matter as follows:

Parts of Waste |_ 2 [ 3 | 4 | 5 IO_' ] 7 |»_8__| »Q»_! 10
Assay is hencein dollars
perton.............. 8.33| 6.25 | 5,00 | 4.17 | 3.57 | 3.13 | 2.78 | 2.50 | 2.27
Per cent. treatment loss| 235 24 23 22 21 | 20 19 18. 17

Grade of concentrate
made, dollars per ton [20.00 |19.00 {18.00 [17.00 |16.50 |16.00 [1§.50 !15.00 [15.00
Recovered, dollars per |

ton.. ......coeinn.. \ 6.25 | 4.75 | 3.85 | 3.25 | 2.82 | 2.50 | 2.25 | 2.05 | 1.88
Ratio of concentration.; 3.2 | 4.0 | 4.7 | 5.2 .8 . 6.9 | 7.3 .| 8.9
Milling at $0.60 per ton| 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60
Mining at $2 per ton..| 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00
Freight and treatment
of concentrate at $4

per ton............. 1.25 | 1.00 | 0.85 ,0.77 | 0.60 |......[......
Net profit per ton..... 2.45 | 1.15 o.4o\minusquantitics

(2) The pure mineral in the deposits assays $50 per ton and is mlxed with
parts by weight of worthless matter as follows:

Parts of Waste I 5 1 6 | 7 | 8 [ 9 [ 10
Assay is hence in dollars per ton............ 8.33 | 7.14|6.25 | 5.56 | 5.00| 4.55
Per cent. treatment loss................... 22 21 20 19 18 18
Grade of concentrate made, dollars per ton..[33.80 {32.70 [32.00 |31.00 [29.90 |29.80
Ratio of concentration..................... 5.2 | 5.8 |[6.4 (6.9 [7.3 | 8.0
Milling at $o.6operton................... 0.60 | 0.60 | 0.60 [ 0.60 | 0.60 | 0.00
Milling at $2 perton...................... 2.00 | 2.00 | 2.00 | 2.00 | 2.00 | 2.00
Freight and treatment of concentrate at
$4.50perton...........iiiiiiiii.. 0.87 | 0.78 | 0.70 | 0.65 | 0.62 | 0.56
Net profitperton......................... 3.03 | 2.26 | 1.70| 1.25 | 0.88 | 0.60
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The most important point brought out by this tabulation is, that in two
cases with the same kind of ore and with the same assay value of the ore, the
richest pure mineral may yield a profit, while the other yield none at all.
The reporting engineer will see so much waste and so much mineral and at
such and such a value; he may report further that this is concentrating ore
which, judging from conditions obtaining in other mines in the district,
would yield a profit, whereas, as has been shown by the table, such might not
be the case. Now this tabulation would apply to ore where the value would
increase by the addition of some valuable element to a heavy but worthless
mineral; for example, gold disseminated in iron pyrites. In the first tabula-
tion there would be $25 in gold in the iron, and in the second $50.

Another example where the comparison of the two tabulations might ap-
ply, would be where varyingamounts of copper are mixed withiron and other
worthless metallic elements and sulphur. In any case of this kind in order
to get an exact comparison, the amounts of waste and heavy mineral with
valuable element in it must be considered equal where the ratio of waste and
mineral is equal. If, however, the ore of a district is quartz and galena, for
example, then either one of these two tabulations would express the difference
in the grade of two different mines, and ratio of concentration only would be
important in the sense that a high-grade would be more profitable than a
low-grade ore. The other figures shown in the table are either calculated
from assumption or are assumptions based on common experience. It is
assumed that the loss! diminishes as the grade of the ore diminishes and
that it is difficult not to and certainly advisable to lower the grade of the
concentrate as the grade of the ore diminishes. These two assumptions are
correlated in the tabulation. The richer the ore, the more difficult it be-
comes to split it so that one portion is worthless and the other pure and
valuable, and it must further be evident that witharich ore, the more readily
a high grade of concentrate can be made. In some mills the practice prevails
of maintaining a certain grade of concentrate regardless of wide fluctuation
in the ore value as it enters the mill. The loss from high tailings in this
mode of operating more than offsets the advantages obtained by slightly
reduced smelting rates. Where, however, the grade of ore entering the
mill is maintained with fair constancy, the rates prescribed by the smelter
.will often enable the millman to ship a grade of concentrate which will give
the highest commercial results, although this does not correspond with the
best technical results. This will be discussed later.

Character of Ore.—If the valuable mineral or minerals in the ore occur
like raisins in a pudding, then the probability of its being amenable to
treatment by concentration is decidedly favorable. It is rare, however, to

1 “Loss' is used here in the sense of dollars remaining in the tailing. In the first
tabulation under the heading “s parts of waste” the “percentage treatment loss’ is given
as “22”” and in the second tabulation with 5 parts of waste the percentage loss is also
22 but in the second case, the dollars left in the tailing is much greater.
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find it occurring in this way. Often the part which it is desired to save in a
milling plant is so finely scattered through the gangue matter, that only the
finest comminution would serve to unlock it prior to separation when the
mineral would be in such a fine state of division that losses would be pro-
hibitive. Again there will frequently be so thorough an admixture of
minerals one or all of which it is of prime importance to save, that as before
only the finest comminution will effect the necessary unlocking. At the
Douglas mine in the Coeur d’Alene district, Idaho, there occurs a mixture of
lead and zinc sulphide so intimate that it is generally regarded as a chemical
combination of zinc, lead and sulphur. No feasible mode of separating the
lead from the zinc has yet been proposed. Where a mixture of base sul-
phides such as lead, zinc and copper, and gangue constitutes the ore of a
mine, the difficulties of unlocking and separating these from one another are
often very great and frequently only a thorough testing will determine
whether it is commercially possible to treat such ores by concentration. It
should be borne in mind, however, that the methods of concentration offer
the only possible solution of treating low-grade ores of this character. As
improvements are made in the art it will be possible to successfully cope with
more and more difficult problems of this nature.

Many ores are more valuable for the admixture of silver minerals than for
the other existent heavy minerals, and as such minerals are quite soft, they
will more readily be comminuted than the associated minerals in reducing
the ores by crushing, and great losses will ensue in the various concentrating
operations. An attempt should be made to isolate all the constituents of a
typical sample of the ore and following this they should be submitted to assay
to determine which of the constituents, if any, contain precious metals
and in what quantity. The silver minerals will generally be found in such
small quantities and so closely associated with other heavy ones as to defy -
separation. The form in which silver exists in many base sulphides is often
an insolvable problem. There is no doubt, however, in every case where
silver is present in concentrating ores, the percentage loss of this element
will be greater than others of equal specific gravity. The mineral tetra-
hedrite is common in base metal deposits and when silver bearing will
cause heavy silver losses from the ease with which it slimes. Gold when
present in concentrating ores will attain a higher extraction than the base
metals. In the Coeur d’Alene mines and more particularly at the mines at
Wardner, Idaho, the ore is a mixture of galena and gangue containing 3 to 5
ounces of silver to the ton in the form of argentite. Argentite is a distinctly
tough mineral, hence non-sliming and of about the same specific gravity as
galena, yet the silver losses in the mills in this vicinity are from 5 to 1o per
cent. greater than the lead. The reason for this is that a noteworthy portion
of the silver is associated with the heavy gangue mineral siderite, and in the
milling operations this heavy gangue mineral follows with and dilutes the
material which in the earlier concentration operations is not rich enough to



8 THE THEORY AND PRACTICE OF ORE DRESSING

ship and is too rich to waste. In the ensuing treatment of this middle-grade
material by ultimate fine grinding and concentration, much of the silver is lost,
making the loss of silver in the various mills of the district greater than it
would have been if the vein phenomena were simpler.

Ore deposition in veins is usually more complex in the Cordilleran region
than in European deposits. The commercially valuable veins abroad are
often filled by a simple process denominated “crustification,” successive flows
of mineral-bearing matter of differing composition forming crusts on the
walls until the open fissure is
filled.  Veins formed under
these conditions are the result
of slow, almost stagnant pre-
cipitation, followed by periods
of rest, then renewal of deposi-
tion under altered conditions.
Fig. 1, showing a section of
the Drei Prinzen vein, illus-
trates this mode of vein forma-
tion. Inthe Cordilleran region
the majority of the veins seem
to have been formed under
comparatively intense forces
and a very different deposit
appears; the lines of demarca-
tion between the veins and
walls are often obscure and
the mode of deposition of the
sulphides and other minerals so
irregular as to defy exposition.
The most common action in
the formation of veins in the
Cordilleran region is metasomatic replacement of the wall rock by vein-
forming materials, these in turn being replaced by others at laterepochs in the
history of the vein. In metasomatic veins it is common to find the ore
gradually fading out on one or both walls of the deposit. If the development
work has broken the ore to the extreme mineralized limit of the vein, then
the assay maps may show at some point mineral contents too lean to pay to
work, but a reduction of the width of working may give a face of ore which will
be profitable to mine and mill. Observation on this point should be made and
also of the contrary one that the ore has not been mined to a sufficient width
to include all the ore of commercial value. It may be deemed that such
questions as these do not come within the province of the metallurgist, but a
little reflection will show that they do. At the time of the examination of the
mine by the mining engineer, metal prices may be very low or very high, and

F1c. 1.—Section of the Drei Prinzen vein.
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even if he bases the value of ore reserves upon what are known as normal
prices which may show the ultimate profit to be derived from these reserves
over a considerable term of years, there will be periods when owing to the
high price of metals, portions of the deposit will be mined and sent to the mill,
which in times of low prices would be allowed to stand. In milling low-grade-
copper sulphides in quartzose gangues in a comparatively coarse state of
crystallization, it is the universal custom after the initial coarse crushing to
split the ore into a number of sizes by screens and send the coarse sizes to
jigs. That which is not removed from the jigs in the form of a concen-
trate is further reground regardless of the low tenor in copper and the large
percentage of absolutely barren matter which need not be reground, but may
be eliminated by the jigs if adequate provisions to this end are made when the
mill is being designed. A note should be made of conditions like these with
a view to arranging the test work to this end.

The character of the gangue matter should be observed as some costly
. failures have been made by failure to observe this point. A finely divided
galena in the heavy gangue of barite offers almost insuperable difficulties to
inexpensive modes of concentration in fluids such as water and air, andina
lesser degree such common heavy gangues as siderite and rhodonite offer
like difficulties. Rhodonite offers the further difficulty that it is extremely
tough when massive, offering great resistance to crushing and producing
excessive wear on the crushing machines. When these heavy gangue
minerals are mixed with sulphides lighter than galena and of commercial
value, separation by gravity is impossible.

Changing Character of Ore.—The slow changes in the character of the
mineralization of an ore deposit is a matter of prime importance to the metal-
lurgist. Where there are evidences of this kind, betterments had best be
postponed until sufficient depth has been reached to assume permanence in
the character of the ore. This is especially true of deposits which show gold
as the principal element of value in the surface ore which upon depth becomes
of little importance or disappears, the ore being then of value for its baser
metals or not at all. Our western country is full of gold mills erected upon
confident expectations which never materialized.

The majority of copper deposits show extraordinary changes due to a
solution of the copper compounds at or near the surface and their reprecipita-
tion in other forms in depth. In these deposits there is often a great enrich-
ment at present or old water levels. The typical gradation of such deposits
is nearly barren iron oxide at the surface, gradually increasing percentages of
copper as bornite and chalcocite until the water level is reached and a decline
in the proportion of these minerals with an increase of iron pyrites until
ultimately the deposit becomes a commercially unworkable deposit of copper-
bearing pyrites which appears to be the original mineral from which the
surface and secondary ores have been derived. Occasionally the change
belovv:' the water level from valuable to worthless ore is very sudden, while
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frequently it is relatively slow. At the Copper King mine in the Clifton-
Morenci district, Arizona, the ore consists of various copper sulphides in a
quartz gangue and a zone of very rich ore was found near the surface, pre-
sumably near an old water line. Below this rich zone, ore of lower but still
commercial grade and of practically no difference in tenor or appearance, has
been found at a depth of over 8oo ft. Practically identical conditions are
found at the Coronado vein in the same district. It was supposed at one
time that this vein would be of little value below the zone of rich secondary
mineral, but at considerable depths this mine is still producing large quantities
of good ore.

The theory regarding deposits which has been outlined is bound to affect
the work of well-informed engineers, when examining copper mines. Engi-
neersareapt to speak conservatively of the possibilities of copper mines below
the zone of secondary enrichment, but if the mine workings have penetrated
below this zone and disclose a good grade of commercial ore with little or no
appreciable change within a few hundred feet below it, the metallurgist may
proceed with confidence to the working out of the mill problem entrusted to
him.

Spurr cites a very unusual case of changes in the character of a vein due
to secondary deposition in the Monte Cristo district.! Thus to use Spurr’s
description:

“The upper zone is characterized by lead (galena), gold and silver, and the lower
limit of galena follows the contour of the surface, some 100 to 150 ft. below it.
Below this there are some less regular, but still definite, zones characterized suc-
cessively by zinc (blende), copper (chalcopyrite), and iron and arsenic (arsenopyrite),
and pyrite. The sulphides near the surface carry an average of 0.95 ounce gold
and 12 ounces silver to the ton; at some distance (a few hundred feet) from the
surface, the pyrite and arsenopyrite contain an average of 0.6 ounce gold and 7
ounces silver.”

A maximum of 600 ft. is assigned for the vertical distance between the
surface and the bottom of the copper zone.

Such a rapid change in the character of a deposit is very rare. It will
always be wiser not to consider the concentrating plant until the actual
conditions below the rich zone have been uncovered.

In addition to the changes in ore deposits effected by atmospheric
agencies and of which two types have been cited, there are often slow changes
in the character of ore deposits or changes which do not take place except at
great depth, but as a rule the metallurgist need not take cognizance of
these, leaving changes in the mill arrangement for his successors.

As examples of changes at great depth, the Coeur d’Alene, Idaho, deposits
may becited. Practicallyall the minesin this district show small amounts of
zinc in the upper levels, but at great depth one of the mines of the district was

! Twenty-second Annual Report U. S. Geological Survey, Part II; also “Geology
Applied to Mining” by J. E. Spurr.
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compelled to close down owing to the great increase in zinc relative to lead.
It seems probable in time that all the mines will ultimately encounter this
problem. In the Wardner deposits in the same region no increase in the
practically inappreciable quantity of zinc has been noted at a depth of 1700
ft. The Success mine in this district has been cited as an example of the
conditions which will ultimately obtain in depth, the ore at. this mine being
almost entirely zinc blende. 1In the great copper deposits at Butte after the
workings had penetrated below the zone of secondary enrichment, the ore of
commercial grade was maintained by an increase of arsenical compounds of
copper.! Here, if the deposits are considered in their original condition before
secondary actions set in, would be a change due to gradually increasing change
in the character of the minerals due to deep-seatedaction. Itshould benoted,
however, that in the case cited, the milling methods would be little or not at
all affected by the change from pure sulphide ore to one containing arsenical
compounds of copper, as enargite, the arsenide of copper, has a specific
gravity of 4.43 to 4.45, while copper pyrites, bornite and chalcocite, have
specific gravities respectively 4.1 to 4.3, 4.4 to 5.5 and 5.5 to 5.8. Copper-
bearing pyrites has a specific gravity ranging from 4.83 to s5.20.

A famous and unusual change in the character of mineralization at
considerable depth and due to deep-seated or primary forces is seen at the
Dolcoath mine in Cornwall. Here at a depth of about 1000 ft. and within a
distance of about 200 ft., the ore changes from copper to tin. In the copper
zone the country rock is slate and in the lower portion of the mine granite.

Preliminary Consideration.—It having been determined that the ore of a
mine is susceptible to the methods of concentration, the next work to do is to
test it for determining the proper flow sheet. The flow sheet shows the
kind, number and arrangement of machines for performing the concentration.
This will be dealt with in the following chapter. The proper mode of
concentrating the ore having been determined, the question then arises as to
the size of the plant, that is, the number of tons to be treated daily. This
as a rule will be fixed for the metallurgist by the financial resources of the
mine. Where the mode of development is of the first kind mentioned on
page 2 a mill will generally be planned for use at an early stage of develop-
ment, in order to assistin bearing the expenses of mining. The size of the ore
body orore bodies has an important bearing on the size of the mill. The larger
the ore body, the larger the mill. The advantage of a large plant is that
reduced working costs will be obtained over those from a small plant. The
advantage of an elaborate plant is the greater increasein saving due to greater
refinements, but the increased cost of plant and larger operating costs may
offset this extra saving. It costs less to increase the saving from 75
to 8o per cent. than it does from 8o to 85 per cent., and far less from 8o
to 85 per cent. than from 85 to go per cent. In other words, in providing re-
finement resulting in greater saving, there will ultimately be reached a point

! Late observations at Butte indicate that much so-called secondary chalcocite is primary.
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where increased saving exactly balances the extra cost necessary to obtain it,
and beyond this point costs will more and more widely exceed profits. The
placing of this point at a high percentage of saving in this particular case will
depend on the individual skill of the metallurgist and the advance in the art
of concentration at the time the mill is erected. The net ton value of the
milling ore is a factor of some importance in determining the capacity of the
plant. Inorder toillustrate the two factors of size of ore body and net
value of ore entering the mill, some figures of actual practice in mining and
milling are given in the tabulation, and this is followed by an analytical
discussion:

Southern . Boulder
Mine or District Ariz.ona Cog::rhCo. Hﬁlu nll‘;:;o J Oﬁl‘:" County,
_ Mine ' Colo.
. Copper, | Copper. | 1 (o
Commercial metals silver silver o Zinc Tungsten
and gold _a_tl(_igold silver .
Gross value of milling ore at normal
prices formetal.................. $9.37 $5.00 | $13.14 $5.00 | $80.00
Ratio of concentration............. 6 30 4.5 20 5.8
Gross value of concentrate per ton,
including premiums............... $31.90 | $84.00 | $50.22 | $60.00 | $350.00
Cost of smelting and concentrate in-
cluding penalties................. $5.40 $.85 | $19.82 | $23.00 |.........
Cost of mining and transportation to|
mill........ A $4.25 $1.50 $3.00 $1.50 $3.00
Net valueofore................... $1.83 $0.36 $3.76 $0.35 | $48.61
Average daily tonnage of mills... ... 200 6000 1500 50 100

The mine of the first column was one selling its concentrate to a local
smelter. As a copper mine this ore was quite rich. The ore body was,
however, quite small and a large plant was not warranted on this account.
Working on a small scale the costs are high. In the case of the Utah Copper
Co. conditions are at the opposite extreme.

There is a very small profit per ton, but the enormous capacity enables
the management toreducethe cost of operating the mill to a small figure per
ton. The ore occurs on the surface where prior to the erection of the mill
it was thoroughly tested to determine the amount of ore and value per ton.
Profit could only be made by a large scale of operation.

In the case of the Bunker Hill mine, having a daily capacity of 1500 tons
and with larger expectations of rich ore, it would seem that a much greater
daily tonnage should be milled to gain the highest economic result. On con-
sulting the mine reports, it will be seen that the actual reserve of milling
ore is not greater than for three years on a basis of 1500 tons daily. If the
capacity bedoubled, the reserve would last but a year and a half, and nobody
expects the Bunker Hill mine to reach the end of its ore in so short a period,
but conservative engineering does not care to deal with even the strongest
probability. Now if it is assumed that the life of the mine ends in a year
and a half, then the only advantage that will result to the stockholders from
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doubling equipment, will be that they can invest the double dividend in some
other form of investment a year and a half ahead of time. If 6 per cent. be
allowed as a fair return for such investment, it will be found on consulting
the mine report that the stockholders will be in pocket an additional amount of
$123,516. But on the other hand the milling plant with possibly 10 per cent.
salvage, would be a total loss, or $123,516 is gained and $188,000 lost. The
Bunker Hill isone of thelargest lead mines in the world, butits percentage pro-
duction of lead is only a small one of the total production of the world, hence
there would be no tendency for much greateroutput to affect the price of lead.

Every miner recognizes the fact that a certain amount of available milling
ore, as disclosed by measurements, does not mean actual available ore, for
in most mines this ore is not ready to stope. Again, if development is kept
far ahead and a large amount of ore be disclosed suitable for milling, a great
expense is added to the mine to keep it open and possibly free from water. A
third factor governing capacity arises in cases like the Bunker Hill, but an
important factor in any case, and that is in the advances in the art of con-
centration. The advance is quite rapid from year to year, and what is done
today can be done much better in a few years. If the plant be not too
large at the start, as the mine grows and development shows greater ex-
pectations of there being large ore bodies, new units may be added which
with more improved machinery and increased technical skill, will yield better
results. Taking advantage of the advances in art from time to time has
been the policy of the Bunker Hill and other mining companies.

From the tabulation it would seem that the results from the Joplin field
would be better if there were larger plants, but the small uncertain ore bodies
do not warrant such a conclusion. The production of zinc from this district
is about 60 per cent. of the total production of the United States. Practically
all the ore is mined by small operators or individuals leasing from the holders
of the surface rights. The metallurgical losses are heavy, and the treatment
cost for the concentrate high so that a large or costly mill is not warranted.
The costs of milling are low. The great losses from the crude mills of the
district are frequently the subject of an unwarranted ridicule. Certain
failure would attend a large operator in the district and it is only by the low
wage and living cost in this field that the operators of the district can manage
to exist and then only at a modest return for their exertions.

In the cost and profit column from Boulder County, Colo., a high net
value for the ores is shown, but to offset this the consumption of Tungstenis
limited and new applications for the use of the metal are developing slowly.
During 1910! the production of Tungsten ore of 6o per cent. assay was but
1821 tons and the consumption 2673 tons of the same grade, there being an
importation of 852 tons. Practically no ore was exported from the United
States. The principal use of Tungsten is in the manufacture of incandescent
lamp filaments and in making high-speed tool steel.

! The high year of the American industry.
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From the curve Fig. 2 it will be found that a 100-ton mill (24 hours daily
capacity) will cost $400 per ton; 200-ton mill, $375 per ton; 300-ton mill,
$330 per ton; g4oo-ton mill, $313 per ton; soo-ton mill, $287,per ton; 1oco-
ton mill, $217 per ton, etc. These figures represent the average cost of a
-first-class mill with concrete founda-
/ tions and steel frame, and with an
Cont of M Evcchion elaborate flow sheet. The differences

on. S@E}.Eg;tdw / - in cost can be attributed largely to

differences in the machinery and struc-
/ tural steel centers and accessibility.
/ Labor makes, of course, differences in
the cost of erection, but as labor is
/ usually compensated for what it is
/ worth, the capacity-ton costs for this
) item do not vary very much.
/ The factor of capacity of plant to
7 size of ore bodies can be clearly under-
/ stood by considering a hypothetical
V4 case. If we have a 1o0o-ton mill and
there are ore bodies which will be ex-
hausted in five years, then the cost of
the mill must be written off in this
period. If provisions are made for a
200-ton mill for the same amount of ore, then the cost of the mill must be
written off in two and one-half years. For a five years reserve on a 100-
ton mill we may proceed as follows:

g

g

'4!§
=}

E B E

Dally Tonnage

g§§§§§

300 200 100
Dollars per Ton of Daily Tonnage

Fic. 2.

Mining and milling. ............................... $3.60 per ton

Smelting.............. e e 1.00 per ton

Depreciation.. .......... ... i o.16 per ton
Total. ... $4.76

Depreciation is obtained by dividing $28,756 by 356 X 100 X 5; the
$28,756 is $40,000 less 10 per cent. multiplied by 0.821 the present value of
$1 payable in five years with interest at 4 per cent.

If we reckon that 10 per cent. is a proper profit for mining operations,
then the milling ore must average a sum which with 35 per cent. off will equal
$4.76, 25 per cent. being allowed for metallurgical mill losses, or the gross
value is $7.32 per ton, and there must be 182,500 tons of ore. The profit
is 73 cents per ton. For a 200-ton mill the statement would be as follows:

Miningand milling. .. ............. ... ... ... ... $3 40
Smelting... ... 1.00
Depreciation. ..........coiiiiiiii it i e 0.32
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The profit is 77 cents per ton. The total profit on the milling operation
is $133,233. If this is placed at interest for two and one-half years at 4 per
cent., compounded annually, it will yield an additional $10,953 or $0.06 per
ton, making a total comparison on the 200-ton basis 83 cents as against 73
centsonthe 10o-ton basis. To make the comparison simple, no dividends
are considered to be distributed until the ore bodies are exhausted. For a
300-ton mill the following comparison may be presented:

Mining and milling. . ........... ... ... . $3.30
Smelting............. e e e e 1.00
Depreciation.. . ... 0.47

Total. .. e $4.77

The profit per ton on $7.32 oreis $0.72. The additional gain by putting at
interest the money recovered by rapid operations, amounts to an additional
o cents per ton, making a total of $0.81.

The point to be observed from these comparisons is that while large plants
reduce the operating costs, it does not do so inversely as the tonnage; that is,
the greatest reduction in exi)enses may be expected in proceeding from small
tonnages to moderately large tonnages, and as large tonnagesare treated, the
total costs will be less per ton, but only diminish slightly; for increased ton-
nage oh the other hand the factor of depreciation increases in a fixed ratio.
The figures of comparison are of course purely hypothetical, but the cost of
mining and milling represent all charges including capital ones, and are
correct for average conditions in Western America. The most favorable
plant seems to be in a 200-ton mill. It will benoticed that thereis available
for distribution at the end of the first year under this rate of mining and
milling, $83,950 ormore than enough to wipe off the entireindebtedness of the
mill if it be desired. Theextent of workings required to furnish the ore for
the mill can be gauged by assuming that the ore body is 500 ft. long by 4 ft.
average width, and is opened by a single shaft with the levels 100 ft. apart;
then there must be g levels oo ft. long and a shaft of over goo ft. in depth
(shaft at $20 per ft. $18,000; 4500 ft. of drift at $8 per ft., and 2250 ft. of
raise at $8 per ft.; total cost of drifts, winze and shaft $54,000; hoist and other
equipment say $10,000; total $82,000 indebtedness against the mine prior
to undertaking stoping and milling operations). Unless a mine contains
high-grade ore which can be shipped to the smelter, it is probable that long
before the depth is reached in the hypothetical case just discussed, the ques-
tion of erecting a milling plant to afford revenue either for avoiding furthet
borrowing or because no further loans for development can be obtained will
be seriously considered. It may be stated that as a rule no mine should
contemplate an equipment for a capacity of less than 100 tons per day of
24 hours. It does not pay to begin with less capacity unless the mode of
treatment promises to be difficult and the small mill is to be used as a test
plant to be superseded by a large one.
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Custom Plants.—In the case of a custom plant the time for writing off
depreciation depends upon the life of the camp it serves. The matter of the
life of the camp is entirely one of good judgment upon the part of the metal-
lurgist. In figuring the value of a custom plant for a prospective buyer, the
earning power should be the sole consideration. For example, if the earning
power of a custom plant is $250,000 per year and the prospective life of the
camp is five years, then the value of the plant is $945,000 reckoning 8 per
cent. as a good return on the investment and allowing for a sinking fund
compounded annually at 4 per cent. This mode of estimating the value
makes no allowance for salvage.

Salvage as Related to Plant.—A great many metallurgists consider that
the money spent for a plant is a total loss; others allow a small percentage
of the original cost as the amount that may be reclaimed by selling to wreckers
or some mining company in the district who may wish to utilize it for treating
their ores. It is impossible to predict what may be the ultimate fate of a
milling plant. :

The following is the estimate of returns to be obtained from selling a
200-ton steel frame concentrating building and crushing plant to wreckers.
Plant situated at an isolated point.

l Per cent. cost Dollars allowed Per cent. total
allowed by cost allowed by
o - ' _ wreckers by wreckers wreckers
Total cost of structures erected on'
ground buildings, foundations, con-
crete, floors, bins, jigs, tanks, spout-
ing, etc, $40,000 5 $2000 2-6/7
Heavy machinery, shafting, crushers,
rolls, etc., total cost, $20,000 20 4000 5~5/7
Concentrating machinery, $6,000 40 2400 5-3/7
Motive power, electric motors, $4,000 40 1400 2
Salvage, total percentage of original
expenditure 14.0

Of the first item consisting of all the structures erected at the mill site,
70 per cent. applies to the building, foundation and concrete floors which are
a total loss. If one-sixth of the remainder is recouped a good bargain will
have been made. The second items are worth new about $o0.05 per Ib. and
sell for 60 per cent. of the original value when laid down at a second-hand
market. The wreckers will want it for 40 per cent., less the freight,and as the
freight at an isolated point to a second-hand market, such as Denver for
example, is about 1 cent a pound in carload lots, they certainly will not
pay more than $20 a ton for such material or 20 per cent. of the cost. The
last two items, if the machinery be in first-class condition, may realize 40
per cent. of the original cost. Unless the machinery be in excellent condition
and but little used, not more than 10 per cent. total salvage should be ex-
pected. It should not be overlooked also that improvements in the art may
after a term of years render certain machinery useless and unsaleable.



CHAPTER II
TESTING CONCENTRATING ORES

Classification of Ore.—For the purpose of testing concentrating ores, they
may be divided into seven classes according to the degree of preliminary
unlocking necessary. The first test is to determine the class to which the
ore belongs. The ores may be classed as follows:

(a) Ores yielding on a coarse initial break,' coarse concentrate and coarse
tailing. .

(b) Ores yielding on a coarse initial break, concentrate, tailing and a
middling product.

(c) Ores yielding on a coarse initial break, coarse concentrate and coarse
middling.

(d) Ores yielding on a coarse initial break, coarse tailing and middling.

(e) Ores yielding on a coarse initial break, nothing but coarse middling of
an inferior grade.

(f) Ores yielding on a coarse initial break, one or more grades of middling.

(g) Ores yielding on the mine break or a coarse initial break (machine
break), practically all the saleable mineral in the fines, the latter being rich
enough to ship directly to the smelter.

Concentrates approximating a chemically pure composition of one or
more minerals are never obtained. For example, while pure galena contains
when chemically pure 86.6 per cent. lead, the average grade of concentrate
from the Coeur d’Alene district is between 55 and 6o per cent. Lead con-
centrates from Park City, Utah, average between 25 and. 3¢ per cent. and
from Colorado camps the concentrate may be as low as 15 per cent. The
reason for these differences is the more or less long haul to the smelter,
differences in the cost of smelting and differencesin the ores. The latter
factor seems to be the governing one. If the galena occurred as coarse
crystals in a soft decomposed gangue, then despite the fact that a custom
smelter offering a low treatment rate exists next door to the mine, a high-
grade concentrate would be shipped. Most concentrating oresfallinto classes
“b” and “c.” Examples of class “a” ores are very rare.

The number of ores with which the metallurgist has to do are comparatively
few. The principal ones are: (1) Galena ores with little or no zinc, but silver
bearing if from the Cordilleran region and non-argentiferous if from the Miss-
issippi Valley, constitute one great class. (2) Galena ores with admixture of

1By coarse initizl break is meant crushing operations to sizes within the limit of
Harz jigging.
2 17
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blende and frequently a large proportion of iron pyrites constitute another.
(3) Copper-bearing sulphides are a third class. (4) Native copper owing
solely to the importance of thiselement in the Lake Superior and the practice
which has arisen in that region presenting some peculiarities, give a fourth
class. The pure blende-pyrite ores, the concentration of which is becoming
of increasing importance, warrant a fifth class. Many rare minerals such as
the tungsten minerals, silver minerals, stibnite, graphite, asbestos and rare and
unusual combinations of the common metals such as wulfenite, the molybdate
of lead, and the earthy compounds such as feldspar, fluorite, corundum, are
susceptible to concentration. None of the last class present any particular
difficulty in concentration other than that the concentrate is unusually
valuable, as for example, in case of tungsten minerals. Extra refinements in
treatment are necessary and commercially permissible.

Concentration is often used asan adjunct in processes for extracting gold
such as amalgamation and cyanidation. If the extraction by these processes
be low, concentration should precede them; especially is this true if the gold
be tightly locked in relatively coarse masses of iron pyrites, as it frequently is.
The cost of refining gold bullion is nothing or nominal, but the cost of smelting
concentrate is often a thing the mine owner complains of as excessive. It is
the metallurgist’s task to determine which way will yield the highest return.
If concentration precedes the other processes a higher extraction may be
expected, but this may be offset by the smelting charge. If the gold ores are
of the class “‘e”” outlined at the beginning of this chapter, then of course the
extraction processes might logically precede the concentrating as fine grind-
ing or comminuting would in any case be in order before extraction or
separation could be effected.

The first six classes mentioned at the beginning of this chapter present
successively increasing difficulties in treatment, the ores of the first classes
being easiest to treat and the last most difficult. Great vigilance should be
exercised in preventing too hasty conclusions leading to designating an ore
as of class “e.” Much of the progress in milling in late years has arisen from
the recognition of classes ““d’’ and ““f”’ and many beautiful and successful flow
sheets have been derived from their recognition.

In milling complex ore often two kinds of concentrate must frequently be
made and in a few instances a third product furnished by the separating
machinery. This is the problem for example at the Western Chemical Manu-
facturing Company’s mill at Denver where in addition to lead and zinc
concentrates, an iron concentrate is removed for acid making. At Park City,
Utah, the desirability of obtaining an iron concentrate comparatively high in
silver as well as lead-zinc concentrate is recognized. When more than one
commercially valuable constituent is to be separated from worthless gangue,
the difficulties of concentration increase in proportion to the number of
constituents and the closeness of the specific gravity. Ores of this kind of
classes ‘“c,” “d,” “e,” and “f” often offer almost insuperable difficulties in
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successful treatment. But ore of class ‘““a’ would offer but little more diffi-
culty than a simple single separation.

Sampling.—In mill testing the first stepis the gathering of an average sam-
ple. If the mine be shipping to a custom mill or a small mill of its own which
is to be replaced by a larger, a portion of such ore may be diverted for testing.
If the mine has not shipped any milling ore, the assay plan should be consulted °
and a number of points selected on each working level for blasting out suffi-
cient rock to represent an average sample of the ore which will be drawn from
the mine for milling purposes.

Hand Sorting.—The first question to be determined is whether ore and
waste can be sorted from the milling ore. For this purpose take 20 or
30 lb. of the sample and separate all the pieces larger than 3-in. ring, wash these
pieces and separate the crude ore from the gangue, dry, weigh and assay each.
Screen the remainder of the sample through a 1-in. screen and wash and
sort as before, following by dry weighing and assaying. The resulting figures
based on the original weight and assay of ore taken will furnish a figure to
determine whether sorting will pay. A good day's work for an ore sorter is
discussed on page 99 ef seq. About 20 per cent. of the day’s wage should be
added for maintenance of the plant. The depreciation per ton can be added
if desired. If crude ore can be separated by sorting, it is almost certain that
the ore belongs to class “a” or “b.” It will not pay to attempt sorting below
1in. and as arule it does not pay to sort after crushing. The most favorable
condition for sorting seems to follow the breaking of the ore to maximum pieces
which are about ¢ in. in diameter or thickness, this being about the usual
break from mine operations. The field for hand sorting lies between coarse
jigging and the rough scalping underground.

Mechanical Tests.—Tests with hand apparatussuch as single compartment
jigs, gold pans, vanning plaques, bateas, etc., give only qualitative informa-
tion and do not furnish sufficient information for laying out the flow sheet and
designing the mill. About the only information they furnish is the solution of
the question in simple ores, that is, ores having only one constituent to be
separated from gangue, whether or not the ore will concentrate. The maxi-
mum of extraction by a gold pan or vanning plaque can only be reached in the
hand of an expert. All of this apparatus, including the single compartment
jig, furnishes little or only the crudest information concerning *“middling.”
In the case of the latter device long tedious operations must be conducted to
simulate the work of a multi-compartment jig, and as the power jig is more
expeditious and indicative of results to be obtained in actual milling opera-
tions, it should be employed.

Small hand apparatus tests will, if used with caution, provide us with
information as to what class of ore as mentioned at the beginning of the chap-
ter, the test sample belongs. The amount of ore to be taken for the test will
depend upon whether a visual inspection determines that there is a large pro-

“portion of coarse concentrate or no; if not, the sample must be large. Takea
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100-1b. sample of test ore and crush to an upper limit of 1 in., and pass this
through the following battery of screens of the nearest equivalent which can
be obtained, viz., 19, 12, 7, 5and 3 mm. round holes. (This is a screen ratio
of approximately 1.5.) Jig the ore and note whether any concentrate has
formed. To cover the screen of a hand jig having a net area of 4 by 35
in., one layer deep, with fairly clean galena, will require that there be at least
a pound of galena in the sample and about one-half as much zinc, iron or
copper sulphide. Less concentrate yields than these will be satisfactory in
working on a large scale especially if some middling and clean tailing can be
made, or if the ore belongs to class “b.” Under these conditions if the
through 19 mm. on 12 mm. size shows any grains of concentrate on the screen,
it will be quite safe to conclude that milling operations can begin at this upper
limit. Jigging higher than this limit is best replaced by hand sorting. If
the ore appears to be of classes “a” or “b” and contains two minerals to be
separated from a gangue as for example lead and zinc sulphides, then if 100 1b.
of oreé will not provide a clean layer of lead concentrates on the hand jig
screen, a sufficiently large sample should be taken which will. Thetailingsand
all but this layer should be mixed and a second jigging operation undertaken to
determine whether a shipping zinc product can be obtained. If no concen-
trates can be obtained from the through 19 mm. on 12 mm. size, the next
smaller size should be examined to the same end and in the way just indi-
cated, the idea being to fix the upper limit of crushing and screening.! If one
size yields no concentrates and the next smaller a copious amount of concen-
trate, further tests should be conducted with other screens with openings
between these limits to determine more precisely the upper limit of screening
and jigging for ores of class “a” and “b.”

Reference to class “d’’ comes in logically at this point. It may be that
from none of the test sizings any concentrate will be made, but an enriched
mass of ore will be found on the screen following a test even with the coarse
sizes; further, if the tailings from each individual test are commercially clean,
then a series of tests should be made to determine what is the best ratio of
concentration for ores of this class. This had best be done on a multi-com-
partment jig. It will be found with most disseminated ores that the ratio of
concentration is proportional to the saving. If it is assumed for the sake of
clearness that there are 100 tons of 6 per cent. lead, limestone ore, all pieces
of which contain more or less lead, and the individual pieces ranging in value
from 13.43 per cent. to o, then one method of concentrating such an ore
would be to crush it to some low limit where all the galena would be unlocked
and treat on sand and slime machinery. Now under this mode of treatment
not more on an average of 75 to 8o per cent. of the lead could be saved. For
simplicity in the following discussion it may be assumed that the assay value
of the tailings following this procedure is 1.5 per cent. The diagram Fig.
3 shows the relation of the percentage of lead and weight of tailings to the

! The Jimit of crushing will usually be higher than the figure indicated by these tests.
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percentage and weight of lead in the concentrates, the lower straight line
figure representing the tailings and the upper straight line figure showing
the concentrates in the same way. The relation of weights and percent-
ages (after unlocking), would be represented more correctly by the
curves shown by the dotted figures, Fig. 3. In the vertical line figure
the assay of the concentrate is assumed to be 4o per cent. and that
of the tailings 1-1/2 per cent. The other alternative way of con-
centrating the ore would be to jig for middling and regrind this product for
table and slime treatment. For dis-

cussing theoretically possible savings,
grades of concentrat%, etc., curves of====3
of the form x = p cos ?Ny or pcos IS;V—}-' 3 ~
for positive values of x and y are "3"”
convenient for computations and afford =
information in keeping with fact. 5”

In this equation, p is a constant of 2
percentage, being the highest percent- 1
age to which pieces in the ore attain;
N is any number of weight terms or 0
ordinates y desired; y being in arithmet- Weight

ical progression, and weights between Fie. 3.

these terms being assumed not to exist and x being the per cent. of metallic

lead in weights y. The expression is more conveniently stated as x =
o o

90 180

N TN When itis desired to analyze

the savings, etc., from a definite weight of ore, we may proceed as fol-
lows to obtain values of y: Equate the desired weight of ore S to the expres-

pcos a7y’ a being understood to be

. N . .
sion !2— [2¢ + (N — 1)d];* and since y must be zero for its first value the first

term g, can be placed equal to d, d being the common or arithmetical mean.

NAW + 1)
2

The expression for S then becomes ——-=, and the expression for d =

S . .
M—;—m From this latter values of y may be platted, as the first ordinate

is zero, the second d, the third 2d, etc. In keeping with the weight of ore
which was to be finely ground and treated on sand and slime machinery, the
weight of ore will be taken in the calculations which follow as 100 tons and
N is conveniently made 30 and with V as 30 the common difference is found to
be o.215. To determine the conditions for the desired assay which has been

assumed in the first mode of treatment as 6 per cent., we may proceed as
(]
follows using the firstformula x = p cos %21 The sum of the weights of

. 1'The common expression for the sum of a series in arithmetical progression.
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lead derived by multiplying ordinates by the abcisse, summing and dividing

by 100, is equal to pd [cosa + 2cos 2a + 3cos 3a + , + .], or on summation

pd[(N + 1) cos Na — Ncos(N 4+ 1)a — 1]
200 (1 — cos a)

, which for convenience may be

written %, and m the percentage in lead of the whole 100 tons of ore is

equal to {’S‘,i—;, and p the highest percentage to which any piece attains is
equal to %Bjm When N equals 30, a equals 3° S equals 100, m equals
pd(30cos 87° — 1) m 200(1_— cos 3°)

200 (1 — cos3°)’ d (30 cos 87° — 1)
equals 6, we obtain 13.43 per cent. as the highest percentage to which any
piece attains.

The diagram, Fig. 4, shows the curve platted for weights of ore as ordi-
nates, and corresponding percentages of metallic lead as abscisse. The sum
of the weights of ore equals 100 the assay of the 100 tons of ore which could
be determined by multiplying each weight by the appropriate percentage
and summing whereupon the weight and percentage would be found equal to
six tons and 6 per cent. respectively is readily fixed by proper substitutions
in the formulz. The equations enable us to analyze any fixed conditions
for a given weight of ore and its assay and the information obtained from the
curve will enable us to discuss the feasibility of jigging very difficultlow-grade
ores before completeunlocking. The weight of metallic lead has been plotted
on the diagram, the axis of absciss® being above the cosine curve and this
being marked “ weight of metalliclead.” The weights of lead as abscissz are
platted with weight of ore as ordinates.

With a 4o-per cent. lead concentrate and 1-1/2 per cent. tailing grinding
the whole 100 tons of ore to an unlocking mesh and treating on suitable
separating machinery, it will be found that the percentage saving is 77.88,
the ratio of concentration is 8.56, and the loss of metallic lead 1.32 tons.
The very convenient formule!r = c—¢ /f—¢, E = c100/fror E =100¢(f—t)/f
(c—¢); where E is the saving, ¢ the assay concentrates, f assay of heads, ¢
assay of tailings, and r ratio of concentration, are used in these computations
and will be found very valuable in many computations.

The tabulation from the information furnished by the cosine curve enables
us to determine how far jigging can be carried before the loss from this opera-

and p equals Solving for p when m

1 The derivation of these formule is due to Mr. Jesse Scobey. The proof is as follows:
Let ¢, f, ¢ and r be the values as noted above, and C, F and T the corresponding weights of
materials. Then as is evident F/C is the ratio of concentration. Ff = Cc + Tt, but as
T = F—C, by substitution we obtain Ff = Cc + Ft — Ct, or Ff — Ft = Cc — Ct; dividing
through by Ff — Ft,we have 1 = C(c — 1) /F(f — ) but C/F = 1/r, hence r = c—t/f — ¢

Now E = Cc/Ff, but since C/F = 1/r, E becomes-“-:-rgf and by substitution E becomes

/
100¢(f—1),
equal to - f(c—_l)> -
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tion is offset by the increased saving in the sands and slime department.
Column one of the tabulation shows the weight of material eliminated by
jigging for the successive figures of the cumulative sum of the ordinates of
the cosine curve beginning at the top and going down. If these successive
weights are eliminated, then evidently the weight of middling is given by the
difference between these sums and 100 as shown in column four. Columns
two and three show the weight of lead in the tails and the percentage com-
puted; 5 and 6 are similar figures for the middling; 7 is the ratio of concentra-
tion (the number of tons of original ore required to make one ton of the mid-
dling). UndersectionC the middlings are assumed to be reground and treated
on sand and slime machinery with a tailings loss in each case of 1.5 per cent.
lead. As the ore is completely unlocked and in the condition shown by
Fig. 3, there is no reason why the limit of tailings loss cannot be reduced
to 1.5 per cent. just as was assumed when the whole 100 tons of ore was ground
to unlocking and treated on the proper machinery. On examining the
tabulation under section D it will be found that the combined loss does not
equal the loss from direct fine grinding and separating until between 30 and
35 tons of the original ore have been eliminated by jigging. In other words,
one-third of the weight of the ore may be eliminated and yet as good a result
can be obtained by direct grinding followed by suitable means of separation.
This is a very important conclusion in the present state of the art.

If we were to make an analysis in a similar way of the curve

O
x=p cos 3 N we would find that the advantage of jigging prior to com-

plete unlocking is much more evident, the form of such a curve is indicated
by the dotted one on the diagram. An inspection will show that a very
much greater weight of material could be eliminated from an ore following

the relations shown by a curve of this character. The curve x = p cos 9d Ny

indicates a very bad mixture indeed. The 180-deg. cosine curve shows more
normal conditions. It may be asked from what proof or argument I assume
that a disseminated ore would follow the relation shown by the curves.
The answer to this is common experience.

It must be evident to anyone familiar with the art that with any ore there
is a rise in the bulk of metal from pieces containing the lowest percentage of
metal to a high point somewhere in the neighborhood of the assay and then
a falling off again as the richness of the individual pieces increases. This
is clearly indicated by the weight of metallic lead curve. If there was an
equal weight of ore for each per cent. platted, then the greater bulk of the
metal would lie with the higher percentages, which is not in accordance with
fact.

With coarse crushing and preliminary concentration for middlings under
the method which has been analyzed mathematically there would be more
or less percentage of sand and slime arising from the crushing which would
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not be treated on jigs but on concentrating machinery suited to this kind of
material. In the analysis it has been assumed that the whole 100 tons could
receive a preliminary treatment on jigs. This is not strictly true, but as it

Fi1G. 4a.

would complicate the discussion to arrange forit,and sinceit presents the com-
bination method in a more unfavorable aspect than practical working would
disclose, the sand and slime made in crushing has been assumed not to exist.
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The main point in the discussion depends upon what is meant by tailings.
Tailings may be defined as material containing a metallic content in insuffi-
cient amount to warrant the expense of further treatment. In the case
under consideration the limit has been fixed at 1.5 per cent. lead. By
progress in the art of concentration possibly by improved ““flotation’ proc-
esses the per cent. saving effected may be so much greater that a lead ore
which is today of class d may tomorrow become of class ¢, warranting the
crushing of the whole mass of the ore to a fine state of subdivision before
concentrating.

Determination of Flow Sheet.—Two ways of determining the proper flow
sheet for a mill can be followed. The first is by testing in custom testing

works, and the second by. the erection of a test-
ing plant at the mine. The complete sheet of
test figures of a copper ore of class cas made in
a custom testing works is given in Fig. 4a.
The typical appearance of this ore is shown
in Fig. 5. The ore was remarkable for the almost
entire absence of sulphides other than chalco-
cite. The mine had been opened to consider-
able depths but practically no change in the
mineralization had been noted. The ground
water level was at great depth, the mine being
located in an arid region.
The first point to be noted on the sheet is
LEGEND ~ the great weight of copper caught by the first
fg,;,’;ﬁ%‘;ﬁi:%ﬁ‘;’ﬁ;’g"’ jig and the high upper limit of jigging. Sorting
FiG. s. tests were made and gave a good yield, and in
practice owing to the removal of coarse rich
lumps the concentrate yield from the different jigs would be more nearly
even. The last two columns of the report sheet are heading ‘““saving.” The
first column shows savings from groups of machines. Thus the first figure
under this column is 43.31 per cent. which means that out of the total weight
of metal received by these jigs, viz., 4.1227 tons copper, 1.7852 tons were
extracted. The second column of percentage saving is the total cumulative
saving and is based on the original weight of metal 5.39 tons of copper. The
final figure in this column is 87.43, the total saving effected by the test. One
point brought out by this test is the mode of conducting it. The rule that
was followed was to take each product from a group of machines and either
discard it as worthless, place it with the material to be classed as concen-
trates, or retreat it separately, except at the end of the test when being
in the condition of slime the mixing of slime products is permissible
except the slime from the direct treatment. The same procedure must be
followed in the actual flow sheet and for reasons which will be stated in
later chapters.
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Regrinding.—To the metallurgist watching a test upon ore in a custom
testing works, this is an important point to demand. It will be found that
those in charge of these works will insist that the middling from the first
jigging should be ground to some mesh guessed at and thrown in with the
direct stream of ore at a point indicated by its crushed size. The whole test
will be spoiled by such a procedure and the metallurgist will be at his wits
end in arranging the flow sheet from the resulting figures. It is true that this
procedure is often adopted in actual milling, but it is a very poor one-and in
the case under consideration one disadvantage resulting from it can be pointed
out at once. The “table slime,”’ the slimy water from the tables, is suffi-
ciently rich to be at once spouted to the concentrate bin which would
not be the case if thelower grade middlings were reground and thrown into
the classifier feed thus lowering its grade. In the test under consideration
the decision as to what point to regrind was determined by individual
tests.

Portions of the middling were ground to successively finer meshes and
after removing fines were jigged with the result that no appreciable concen-
trate was obtained until the 3-mm. size was reached. The same procedure
was adopted with the second jig and the table middlings which were re-
ground to various sizes, classified and fed to a small sand table. The final
slime is the only material concerning which further treatment seems to be
necessary and which was not provided for in the test. Treatment on a
slime machine without shake seems to be called for at this point. In the
flow sheet which is given below and based on this test, provision is made for
treatment of the slime in two ways by a direct spouting to the concentrate
bin and to slime machinery. This seems advisable, for the mine contained
some low-grade bodies of ore which during times of high copper prices could
be mined and milled to advantage.

In the flow sheet based on the test, auxiliary apparatus such as elevators,
dewatering and thickening devices are not indicated. Thickening devices
would have to be installed before feeding to the slimers and to the classifiers.
The number and kind of machines are not indicated, the proper choice will be
dealt with in later chapters. Sampling is not shown in the rock-house flow
sheet though provisions for sampling as well as weighing should be made. I
donot believe that there will be any difficulty in following the flow sheet as it
follows closely the test work which has been done in the proper way. The
work of the mill built on the strength of this and other tests lived up to the
results of the test work.

The flow sheet and test sheet which have been given is typical of the
test work for sulphide copper ores. In treating copper ores which are sus-
ceptible to jigging, no middlings are made above the screen, all material not
removed as concentrates being reground for further treatment. Sulphide
copper ores can seldom be classed as b ore, for while the tailings might be low
in copper, they would still be too high in money value. In testing for simple
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lead ores or simple zinc ores, the procedure followed in the test sheet may be
adopted but with the difference that unless the ore be unusually complex,
middling for regrinding may be taken from the jigs and tailings made which
are low enough to send to waste. The same observation applies to the table
tailings. Only testing will show what can be done in these respects. In the
great porphyry copper mills the practice is tending toward the following
scheme of treatment. The ore is crushed to a limiting size of about 12 mesh.
It is then immediately put on shaking tables which deliver an enriched prod-
uct, which after regrinding is brought up to smelter grade on a second battery
of shaking tables. The other middlings from these and the roughing tables
are reground and concentrated on vanners. See classification f at the begin-
ning of this chapter. This procedure has enabled these mills to increase their
capacity at very little cost without increasing the metal loss in the tailing.
The Lake Superior copper ores are of class ¢. Some of the most striking
peculiarities of the milling in this region are the employment of steam stamps
for the second stage of crushing, the use of classifiers for preparing all the jig
sizes as well as the sand sizes, and the use of finishing and roughing jigs. Itis
not probable that other copper deposits of the nature and extent of the Lake
Superior region will be found, consequently the peculiarities of practice which
have grown up there, and which have to a certain degree been found necessary
to meet the problems presented by the character of the ores, have no.applica-
tion outside of the district. The mechanical equipment used in the mills of
this district has as a whole no application elsewhere although many individual
devices which have been developed in the region find wide application in
western mining camps.

There has been recent installation of large concentrating mills in the open-
pit iron mines of the Minnesota ranges where the ore to be treated consists of
thin intercalated beds or layers of sandy material with hard hematite. The
enriching to a shipping grade is accomplished by screening, hand sorting,
followed by log washers of special design, and by shaking tables for the finest
material or sands. These ores belong to class a. The crude ore entering the
mill contains about 36 per cent. iron and the concentrate about 57 per cent.
iron. The practice just stated is embodied in part from phosphate, limonite
and fluorite washing and is applicable where the gangue is soft, easily pulver-
ulent, and the concentrate of too low value per ton to warrant refinements in
milling.

The above illustrations are sufficient to indicate the mode of attacking
the problem of eliminating the gangue matter to the end of enriching a single
mineral of commercial value. The extent to which refinements in practice
can be carried will depend on the value of the ore and the reduction of working
expenses to be obtained by operations on a large scale. The substances
hematite, phosphate, limonite and fluospar, have gross market value of $2 to
$6 per ton for standard commercial grades, while a ton of copper concentrates
of 15-per cent. grade is worth gross $42 per ton when copper is 14 cents per lb.
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Limit of Concentration.—The determination of how far schemes of re-
treatment can be carried is one susceptible of answer by careful estimation.
For example, suppose we have some middling product of which we are in
doubt as to whether a profit may be obtained by further treatment. How is
it to be determined whether or not this material had better be thrown away or
retreated? Tests will disclose the actual profit each ton of such material will
yield. Now unless such material yields a good percentage return, or interest
on the investment of the machinery and housing required after deducting
the working costs and depreciation, the answer will be negative, and affirma-
tive if a good profit be shown. At the proper place in later chapters the ques-
tions of cost and capacity of machinery will be sufficiently answered to en-
able anyone to determine the cost of equipment for himself, and with the
additional aid of careful testing to answer questions of the character pro-
pounded above. So far in this chapter the determination of the proper flow
sheet for a proposed mill has been discussed. It seems proper at this point
to digress temporarily from this question to one concerning mills already built
and in operation. '

Improvements in Existing Mills.—The method of determining whether
betterments are admissible, can be solved in these cases just as stated
above by test and computation. This seems so evident that to many it
may seem superfluous to state it, yet we find many mines where the manage-
ment knows the need for betterments and have the money to make them, but
do not do so. Under these circumstances the only cause which can be cited
for neglecting them is the widespread belief that practical operations follow-
ing and being based upon test work do not come up to the expectations raised
by the latter. The main argument which is adduced is that the test work is
more carefully performed than are the succeeding mill operations. Now
this is really no argument whatever, but a reflection on the mill management.
Anyone who has watched that work being performed in custom laboratories
knows there is no essential difference between it and actual mill operation.
Table, vanner and jig men or operative men of any kind have a larger number
of machines to watch than the man or men who are conducting a test with a
single machine. Test-mill employees have duties to perform from which the
mill employee is free, such as the removal of the product-receiving receptacles,
draining and drying of products, regulating feeding devices,etc. Where mill
machines are doing poorer work than test ones, the reasons are the men are
not properly instructed in their duties or are inattentive to them and there is
lack of uniformity of conditions. These are matters for the management
toremedy. Among such items may be mentioned a lack of uniformity in the
flow of water due to inadequate piping and water supply; fluctuations in the
speed of the machinery; variations in the grade of ore due to bad management
at the mine; variations in the sizing test of the ore, owing to a worn condition
of the crushing faces of the crushing and screening machinery; inadequate
settlement for concentrates, etc. There are two operations usually performed
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better in the test work than in actual work, and those are the screening and
classification. In test work on a small scale the screening is done by hand
and is 100 per cent. perfect as judged by the eye, whereas in actual milling
operations the screening is often very poor. The reasons for this and the cure
will be discussed at length in a later section of the book. If power-driven
screens are employed in the test work, they are not driven beyond a point
which gives good screening, and the same observation applies to the classi-
fiers. In test-work classification the regulation of the proper amount of
water entering the device with the ore can be readily secured. When all is
said on this matter there remains no difficulty in duplicating the results ob-
tained in the test work or bettering them, which cannot be overcome by
thoughtful attention to detail, intelligent designing based on equally thorough
testing, and an active experienced mill crew.

Avoid Elaborate Equipment.—Before going on to the consideration of
more difficult flow sheet problems, it will be well to sound a caution against
too elaborate an equipment for any given mine. This is an error which the
young metallurgist is more apt to fall into than his older and more experienced
brother. He is apt to follow the ignis fatuus of technical perfection as far as
that illusive thing gives him individual light. In-these commercial days the
metallurgist must not figure in weights and percentages, but in dollars and
cents. As an example of how metallurgical ability might be misapplied, let
the problem of milling a low-grade abandoned dump be considered. In this
case the imagination cannot be exercised on the probability of ore body con-
tinuing in depth with undiminished value, but there exists a certain number
of tons of ore containing so little money per ton that scarcely anybody cares
to take a chance on it. To the metallurgist with supposedly superior knowl-
cdge the problem is set to make money out of almost nothing. Let us assume
a dump of 50,coo tons containing a little gold-bearing iron pyrites to the value
of $2, the gold not being in a free milling state. The method of concentrating
this material which would first suggest itself, would be to put it through
crushers or stamps or other fine grinding apparatus and concentrate it on
sand and slime machinery. Under these circumstances a greater recovery of
the gold than 77 per cent. need not be expected. If a concentrate of $36.72
per ton is made with this recovery, the ratio of concentration is about 24,
and if the smelting charges are $5 per ton including freight from the mine to
the smelter, then the smelting charge per ton of ore is about $o.21. If a 100-
ton mill is planned the dump will all be worked in less than two years. It
may be assumed without going into the refinemerits of figuring on amortiza-
tion that $o0.80 less 20 will represent the charge against a ton of ore for the
cost of the mill. ($0.80 X 50,000 = $40,000 = 400 X 100, say 20 per cent.
off for salvage.) The cost of milling may be placed at $0.65 per ton which
would be low for Colorado. Summing up:
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Costofmillperton................... ... .oiiiiiiinn, $0.64
Costofmilling.......... ... ... ... i i it i 0.65
Costof smelting.. . .......... ..ot 0.21
Lossinmilling.......... . ... . ... .. i 0.46
Total. ... $1.96
Profit per ton in proposed operation .................. ..... $0.04

Naturally the client will not entertain a project requiring so large an
outlay with so small a margin of profit.

On examining the dump closely the following conditions are found to exist:
The gold is in a finely divided state and the pure sulphide assays about $40
per ton. Thirty per cent. of the weight of the dump is found to be in pieces
of 1/2 in. diameter or smaller. But 6o per cent. of the total values are in
this 30 per cent. by weight. It is concluded to treat the dump at the rate of
500 tons per day of 8 hours. The ore is passed over a grizzly with 1/2-
in. spacing eliminating 350 tons assaying $1.14 per ton, and saving 150 tons
which assays $4 per ton. The total gross value of the material to be milled
is on the day’s basis $600.

Daily expense of treatment:

Hauling so tons to mill with sheel scrapers at 10 cents per ton..$50.00

Labor in millone manperday........................... 4.00
‘Power at $o. 50 per diem per HP.,,so H.P... ............. 25.00
Maintenance perdiem . .............. ... ... . . oL 5.00
Freight and treatment concentrates at $5.00 per ton........ 41.65

$125.65

The last item and the mode of treatment is obtained as follows: The ore
passing through the grizzlies goes to two double 5-compartment jigs of the
classifier jig pattern, the slime being removed at the entrance to the first
compartment. Five grades of middlings are made from the top discharges
of the jigs ranging from the richest at the feed end to the leanest at the tails,
22 per cent. being lost in this operation and the ratio of concentration being
three into one. There will then be for the finishing operation 5o tons of slime,
middlings and hutch product assaying $8.16 per ton. The coarse portion
of this material is finely ground and treated with the slime on appropriate
machinery with a saving of 75 per cent., the ratio of concentration being 6.
The concentrates assay $36.72. The daily tonnage of concentrates shipped
to the smelter is of course 50 divided by 6 or 8.33 tons and the smelting and
freight charge being $5, the daily charge for smelting and freighting is $41.65
as already shown. The total saving in the millis 0.78 X 0.75 X 100 or 58.5
per cent.

3
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The daily gross value of the mill oreis............ $600.00  ...............
s8.spercent.of thisis.................. ... .. .o, 351.00
Daily expense of treatment............. .. ...cciviiiiiiinaa 125.65

Gross daily profit............oiiiiii i $225.35

Total proceeds, 100 days (100 X soo equals 50,000) $22,535 or $0.45 per ton.
The cost of the plant with second-hand machinery:

Binandgrizzlies.................................. $800.00 ...,

Regrinding machine. ................. ... ... ... 720.00 720.00

2 shaking tables. ................................. 600.00 600 .00

6 slime machines ................................. 1200.00 1200.00

Building and grading. ................ ... ... ... 1300.00 B

P31+ T AP 700.00  ....iiiiiiiea...

Tanks and flumes.................................. 800.00  .........iiee.n

Engineand boiler........................... . ... 1500.00 1500.00

Shafting, belting, piping............................ 100.00 ...
6700.00 4200.00

Salvage, 3o percent. .............. e 1266.00
1266.00

Net COoSt.. .. .v it eee i $5436.00

$22,535 less $5,436 is $17,109 or in round figures the profit for four months
work is $17,000 or $o0.34 per ton. The outlay is between $6000 and $7000, an
amount on which the client will take a risk considering the profit to be
derived. It will be observed that the operation proposed requires a high
ultimate ratio of concentration for success, for from soo tons of original ore
8.33 tons of concentrates have been obtained, a ratio of concentration of
nearly 6o. The high ratio of concentration is largely due to the heavy
metallurgical loss sustained in operation. With a low ratio of concentration
a larger plant would be required and a greater smelting charge per ton of
milling ore would absorb all the profit. The metallurgical operations pro-
posed are not however hypothetical, for it is nearly identical with the mode
of treatment adopted by the Bunker Hill & Sullivan Company in working
over its jig-tailings dump; the estimates of cost and the actual costs in the
latter case are, however, very different, the plant being larger, the smelting
costs different, etc.

Mixed Ores.—In the Cordilleran region there are poor milling mixtures of
lead, zinc and iron sulphides with gangue. The first two must be separated
from the other compounds and from themselves. As in the case of a simple
org, screening tests must be made followed by jigging tests to determine at
what point one of the minerals to be saved is sufficiently unlocked to give a
good concentrate. As a rule the first compartment of the jig will yield a lead
concentrate containing from 8 to 12 per cent. zinc; the second may yield an
iron concentrate with larger amounts of zinc; the third a zinc-iron middling;
the fourth a zinc concentrate, and the last, if the jig be of five compartments,
a low-grade zinc-iron mixture. This might be the arrangement with an ore
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in which the zinc-lead and other minerals were quite distinctly free from one
another. In other cases a little comparatively free galena might be obtained
from the first compartment and all the rest yield products which would have
to be reground and further treated. Under these circumstances the combina-
tions possible in retreatment are endless and a nice exercise of judgment will
be required. There will, however, be this principle to guide the metallurgist.
Make on the concentrate compartment of the jigs as distinctive a product
as possible and of as high an assay as is consistent with commercially clean
tailings. All other products too low to send to concentrate bins or for mag-
netic, electrostatic or other treatment, can then be tried by tests, just as in
the case of the simple ore, to determine the degree of unlocking necessary
before further concentrating operations. As a rule in the case of any ore
whether simple or containing two or three minerals which must be saved or
separated, it will not pay to have more than two complete lines of jig treat-
ment—one the direct and the other the middlings line. The first line should
be carried out separately in all the unlocking and separating operations, no
retreatment products polluting it. There remains to be considered the mode
of treating the high-grade products which have been obtained in jigging.
These must be ground to sand before further treatment can ensue. Zinc-
iron concentrate will usually have to be roasted until the iron is in the form
of magnetic sulphide, when it can be lifted by magnetic apparatus (if this
method be adopted) or the iron can be repelled from the poles of an electro-
static machine. If this kind of concentrate contain appreciable amounts of
galena, it will be necessary to separate either on dry or wet fine concentrating
machinery, either before or after magnetic or electrostatic treatment. Treat-
ment on wet tables is much more common than on dry. Most commonly
the galena concentrate is spouted at once to the concentrate bin, but as this
material often contains from 6 to 12 per cent. zinc, the mixture may pay to
crush and separate. One scheme which might be followed successfully
would be to crush the lead-zinc concentrate to the proper limiting size,
classify carefully, and treat on tables, jigs or slime machines, the slimy
waters being carefully settled and put with the lead concentrates; the over-
flow from the settling tanks should pass through a vacuum filter cloth where
economy of floor space is necessary. By this procedure, although there is of
course not complete elimination of the zinc from the lead or vice versa, there
is no loss. The operation has the further advantage that the mill may be
freed from penalties if the zinc be in excess of the usual 10 units limit, and
again the grade of the lead concentrate may be so raised that the smelting
charges may be reduced.

Proper Grade of Concentrate for Smelter.—Two examples of the proper
grade of concentrate as dependent upon the smelter charges will be considered.
One, a lead ore of the character upon which a premium is paid for a grade
of concentrate above a certain percentage and a penalty prescribed when the
grade of concentrate falls below a certain percentage; the other, a copper
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schedule ore that is penalized for silica excess. The first case may be dis-
cussed from the data furnished by Caetani! for Coeur d’Alene concentrates.
The basis of the contract, to use Caetani’s words, is as follows:

““The smelter is going to pay for 85 per cent. of the lead at 85 per cent. of the New
York quotation if the New York quotation is $4 or less per 100 Ib. lead; and if the
New York quotation is above $4 the smelter is going to pay for 75 per cent. of the
lead at 85 per cent. of $4 plus one-third the difference between $4 and the New
York quotation. The smelter will also pay for g5 per cent. of the silver at 95 per
cent. of the New York quotation. The freight and treatment charge will be $10
per ton of concentrate. If the concentrate assays below 45 per cent. lead, there will
be an extra charge of 10 cents for each unit of lead below 45 per cent.; if the con-
centrate assays above 45 per cent. there will be a bonus of 10 cents for each unit in
excess.”

If P equals assay concentrate in percentage lead, and V the total net
value of concentratesindollars, then V = P/5 X o.7225 X $4 + (P — 45)o.10
— $10. Only the case is considered when the price of lead is $4. The
return from the silver is omitted. Now let it be assumed that the normal
assay of the feed is 8 per cent. lead and that we have the following relations
of saving to assay of concentrate shown in columns one and two. Coeur
d’Alene jig concentrates range 55-61 per cent. lead.

Savin, rcentage Ratio of Smelter Assay concen- Profit per ton,
8 pe ag concentration returns trate, per cent. original ore
75 10.00 $26.18 60 $2.62
76 9.71 25.50 59 2.63
77 9.42 24.82 58 2.64
78 9.13 24.15 57 2.65
79 8.86 23.47 56 2.65

An inspection of the tabulation shows that juggling the grade of the jig
concentrates to obtain more premium from the smelter does not pay. If the
premium were larger the advantages of raising the grading, by process of
boosting all through the mill operations, might be apparent.

In Caetani’s article? the advisability of enriching a very low-grade con-
centrate is fully discussed. It is mathematically proven that under the
terms of a contract such as he cites, it is better to enrich the concentrates by
concentrating operations even with extremely rich tailings, than to ship
them without retreatment, the limit in this respect being shown. In the
case of a zinc-lead mixture it must be evident that such a procedure would be
profitable for there are no metallurgical losses. A smelting contract for
smelting siliceous copper ores may read as follows: Copper to be paid for
at go per cent. of electrolytic quotations less 3 per cent. for converting, refin-
ing and freighting of crude copper to the east. Silver at go per cent. of

! Mining and Scientific Press, Jan. 4, 1908.
2 0p. cil.
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market quotations;iron, 6 centsperunit. Penalties, insoluble ro cents per unit
in excess of 25 per cent.;fixed charge for smelting $2.50 per ton. Leavingout
of consideration the question of silver, I found in the case of an ore which
was to be sold under this schedule the conditions as tabulated below. The
normal feed to mill contained 4 per cent. copper. Copper quoted at 14 cents
per 1b. '

RerLATION OF CONCENTRATE TO SMELTER RETURNS

Assay conct. Smelter returns Return per

per cent. Pe‘: Fent' Pef cent. Saving, Ratio per ton ton of crude
silica iron per cent.

copper concentrate ore
10 48 15 90 2.78 $15.90 $5.72
8 43 17 89 3.09 18.50 5.99
12 39 18 88 3.41 20.94 6.14
13 3s 20 87 3.74 23.44 6.27
14 32 21 85 4.07 25.78 6.33
15 30 23 8s 4.4t |  28.08 6.37
16 29 26 84 4.76 30.31 6.37
17 28 27 83 5.10 32.48 6.37
18 27 30 82 5.59 34.74 6.23

The best result seems to be obtained when the concentrates assay in the
neighborhood of 15 per cent. copper.

Advantages of Testing Plant at Mine.—The advantages to be derived
from having a testing plant at the mine are that the tests can be conducted
with the full rate of flowage of ore as it will be in actual milling operations;
the ability to conduct as many tests under actual milling conditions as is.
desired, even if the testing plant is not equipped for making tests on a full
scale; the cost of freighting a large number of parcels of ore will be prohibitive
if the testing plant is at some distance from the mine; further, the ease with
which many of the mechanical problems which will arise in actual milling
operations can be solved. For many of these problems the published tech-
nical data at the disposal of the metallurgist is meager. Among such prob-
lems are the proper slope and rate of speed for the screens, the extent of
dewatering required at various stages in the concentrating operations, the
proper rate of feed for classifiers,.the proper number of compartments for
jigs, etc.

It is not necessary to make a great outlay for equipment, for one machine
can be made to do the work for a whole group of machines. For example,
one standard sized Harz jig can be used to test all the sizes made by the
screens, and one screen frame can be made to do all the work of screening. In
this case the ore is assumed to be crushed to the proper size as determined
by small experiments. It will then be elevated to a screen on which has been
placed the sereen cloth or screen plate with holes of the proper maximum
size as indicated by small tests. Below the screen will be placed a double
compartment bin, the undersize being led to one compartment of the bin
and the oversize to the other compartment. From this compartment the
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orecan be fed by any suitable feeding device to thesingle jig. The compart-
ment receiving the oversize has a gate and feederat the bottom by which the
material gathered in this compartment can be fed to an elevator which will
return it to the screen mounted with the second size screen after the test with
the first is completed. Below the jig may be set small bins and tanks to
receive the middlings and concentrate products, the hutch products and the
overflows. As these products are usually not very bulky as compared with
the heads and tailings, they may after draining and drying be directly weighed
and assayed. The weight and assay of the tailings can be obtained by
difference. A large area of drying plate should be provided for drying
samples; platform scales and other accessories should be provided. Where
the product is too bulky to weigh directly but a close approximation is
desired of their weight, a swinging spout may be installed which for a defi-
nite number of seconds as determined by a stop watch, is swung over a
receptacle on a platform scale.

Determination of Slope for Trommel and Rate of Feed.—Determining
of the proper slope and rate of feed for a trommel line will serve as an example
of the mechanical data which can be obtained incidentally with the test
work proper. It will be supposed the crushing machinery and elevator is in
operation. Every few minutes the pivoted spout between the receiver of
the elevator and the trommel is swung over a barrel mounted on a platform
scale for equal intervals of time, the weight noted and the barrel emptied
into the trommel after deducting any desired fraction for sizing tests. By a
swinging spout between the oversize bin and the undersize bin,samples of the
oversize may be taken in the same way. This procedure affords samples for
computing the sizing tests of the undersizeand the work of the trommel under
different slopes and rates of feed. The rate of feed will have to be under con-
trol, by a feeder at the bottom of the bin provided for receiving the ore crushed
to the limiting size and before it dischargesintoan elevatorraising tothescreen.
- When the last size of screen is put into place the results obtained in testing
for the best slope and rate of feed will make possible a checking back to see
if the rate offered entering the line of screens is not too great for the last one
or some intermediate one. If this is the case, the rate of feed entering the
line will have to be reduced by the proper amount. The mode of testing
one grade of material at a time has the decided advantage of permitting the
faculties of the metallurgist to concentrate on a single problem at a time.

Crushing and Sorting Tests.—In crushing the ore to limiting size, several
crushers and rolls may be used if desired, though much valuable information
can be obtained by crushing tests conducted on standard sized machine.
Whenever possible electric power should be used for driving the testing plant
as it will readily afford valuable figures on power consumption. The ore
should be sampled after being crushed to limiting size by machine samplers
and weighed afler it leaves the bin holding the ore crushed to limiting size
on an automatic scale. In the crushing department provisions may be made



TESTING CONCENTRATING ORES 39

for sorting tests if small scale tests indicate the advisability of this step. All
spouts in the test mill should be broken at some point so that the flow of
material may be diverted for weighing tests.

Weighing of Sample.—Where the computation of assays and weights
depends upon other weights and assays, care should be taken tosee that means
are provided for obtaining all figures lacking. For example, the weight of
material entering the jig in any test would be the weight of the feed passing
to the proper screen for this test and as given by the automatic scale less the
undersize from this screen as given by its passage over the scale when this
material in turn is being split. Now as the computation of weight and assay
of tailings depends upon the weight and assay of the hutch products, the
middlings, concentrate and feed, and as we have all these but the assay of
the latter, it only remains to sample the material entering the jig by an auto-
matic sampler to obtain all the data necessary for the tailing weight and
assay. The exercise of a little ingenuity will enable one to reduce the sam-
pling and weighing devices to the smallest possible number. The middlings
spouts of the jig which should be a multi-compartment one, should be ar-
ranged so that the middlings streams can either be sent to middling bins or
diverted into the tailing spout.

Below the screen and jigs there should be mounted a classifier with a large
number of plugs. Here I believe it will usually be best to compromise on
the matter of storage and return of products. A large tonnage of material
or relatively large portion of the undersize from the last screen having been
collected, some of the ore discharging from certain of the plugs of the classifier
can be allowed to run out to a settling pond and be gathered up and milled
when actual operations begin. One or two shaking tables may be provided
or competitive tests can be undertaken at this point between rival makes of
shaking tables. To determine which type is preferable for any given ore
" the discharge from one or more plugs may be split by a revolving splitter
giving each the same quantity and quality of feed. To determine the saving
it will be found best to settle the tailing and concentrate from the shaking
tables, the slimy tailing water being discarded, and weigh these products;
the feed to the tables is diverted from time to time for weight tests after
settling and drying and the assays of the feed being obtained from samples
furnished by a teeter-box sampler. This will furnish enough data to calculate
the weight and assay of the slimy waters from the shaking tables.

Another way of determining the efficiency of the sands machinery and
especially convenient for comparing the work of two concentrating machines,
is by samplers passing through the feed, tail and concentrate streams and
assaying the resulting products. These little samplers may be actuated
either by power or hand or the test may be conducted by hand sampling,
if the metallurgist be expert in passing the sampling devices through the
streams at the same rate of speed each time and at close and equal intervals
of time. The saving can be calculated by the Scobey formula, page 22. If
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the screen sizes for jigging have been prepared dry, and this is the better
mode unless the ore is very sticky, then before the ore enters the classifiers
the proper amount of water must be introduced; a safe figure being six parts
by weight to one of ore. The same mode of working will apply to the intro-
duction of the ore into the jig, water being introduced as the dry ore leaves
the oversize compartment of the storage bin. If the ore is screened wet,
the bin below the screen must be made water tight.

Testing Middling and Hutch Products.—Having considered the testing
of the original stream of ore, it remains now to consider the treatment of the
middling products, hutch products, etc., from the jigging operations. These
will have to be cleaned up following each jig test, provided small scale tests
indicate that crushing to a jig size will yield a concentrate return, if not, the
middling must be ground to sand size or finer, classified and concentrated by
the modes already indicated. At this point tests on comminuting machines
may be conducted provided future operations are to be on a large scale. In
addition to the apparatus mentioned as necessary, the test plant should have
a complete equipment of small machines, little power jigs, bench shaking
tables, panning devices, a good microscope, and complete apparatus for pre-
paring assay samples. If the ore to be tested be blendiferous, apparatus
for making flotation, magnetic and electrostatic tests will have to be provided.

If the ores are of class c a jig of the Hancock type should be installed in
the test mill for competitive tests with Harz jigs. If a large tonnage is to
be treated in the mill which arises from the test work it is almost certain
with this class that the Hancock jig will yield better commercial results.
An easy ore of class d, one in which the amount of disseminated ore is small
will possibly give better commercial results with Hancock jigs than Harz,
particularly if the tonnage to be treated is large.

Tests in Operating Mills.—The metallurgist is frequently called upon
to prepare hastily a sheet showing the saving in the different departments
of the mill already in operation, as well as the total saving from the whole
mill. If the ore is machine sampled, before entering the mill, a definite lot
of crude ore is weighed into a clean bin after sampling for assay, and on
weighing and assaying the concentrates, data will be obtained for accurately
determining the whole saving.

If there is no mechanical sampler, then hand sampling must be resorted
to. The ore should be sampled at frequent equal intervals of time. Pass
the sampling device through the feed stream in both directions, taking care
that the motion through the center of the stream is not faster than at the
sides, and endeavor to perform the motions of sampling at the same rate of
speed for every cut made. The ore should of course be accurately weighed
and a moisture sample taken during this operation. The ore should be
sampled in as fine a state of division as possible. Having obtained the figure
for the whole saving of the mill, we are prepared to attack the question of
the different savings. A flow sheet of the mill is indispensable to this end.
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On this can be marked the points where weight and assay samples must be
taken. A little study will fix the best points and a little ingenuity will afford
sufficiently good means of securing samples which will yield figures of approxi-
mate correctness. For taking samples in inclined launders, a section of the
side should be removed making cuts as deep down'as the launder liners will
permit. If the side of the launder is lined, a section of the lining must be
removed. For streams of finely divided ore or ore and water which only fill
a limited depth of the launder a cut to the top of the stream will suffice. The
section of the launder removed should be mounted with buttons so that it
may be kept in place while not taking samples to prevent undue leakage.
The top of the launder should be covered at the sampling point with a piece
of board to prevent the ore and water from pouring over the top while taking
asample. To take a weight or assay sample the removable section is removed
and a wad of burlap thrust down in the stream until all of it is diverted
through the opening in the side of the launder. When the right-angled flow
has become steady, a receptacle to catch it may be introduced below and kept
in place for a definite number of seconds. Caution: do not end sample-
taking period by pulling out burlap before removing receptacle; the latter
must be put under and taken away from the stream while flowing its full
strength. The individuals taking the samples should have a report board
and sheet of ruled paper nailed up at their stations for making record of the
time of taking samples and the duration of flow. Stop watches should be
snapped firmly but sharply. The party handling the watch should have
nothing to do with removing the receptacles. Jig tailing samples may be
caught by introducing a hinged board covering the vertical spout at the tailing
end of the jig, removing the front board of this spout and securing in its place
a pointed spout from the point of which the sample will drop into the proper
receptacle. Two containers are required at each sample station, one for
taking the sample and the other for holding it. A small galvanized wash
tub will very frequently answer for the first purpose, and a liquor barrel for
the second. Both of these articles are usually readily obtainable in mining
camps. For drying samples galvanized tubs and a good cook stove give a
good combination and one always obtainable.



. CHAPTER III
LOCATION OF MILLS

It will be best to locate the mill at the base of the hills in which the mine is
situated and on a main line or branch of a railroad or within easy reach of a
railroad by a branch line. The reasons why such a location is preferable are:
(1) The greater certainty in the water supply. At high points in the moun-
tains the water supply at certain seasons becomes much lower than at others
and in arid regions fails entirely. Descending from the high points in the
mountains to the master streams of a district, the supply of water increases
from a minimum which will often just yield sufficient water for washing pur-
poses to a minimum which will yield additionally sufficient power to run
a whole or portion of the mill by water power or hydroelectric power. (2)
The cost of erecting the mill at the lower point will be less as the equipment
does not have to go up heavy-grade mountain roads at a great cost for haul-
age and the regular operating supplies can more cheaply be brought to the
mill. The strategic value of the lower site is especially evident if a group of
mines is to be served by one milling plant. It is evident that if the vein or
veins will be encountered at great depth by a more or less long crosscut, then
the proper position for the mill is below the portal of such a crosscut, and this
is even more evident when a number of mines at different levels are to be
served the mill must at least be at the level of the lowest mine if only not to
violate the principle of mountain transportation that the loads must go down
hill and the empties up hill. Again at a lower level a more favorable and
roomy site is apt to be found for the mill buildings and to take care of their
future growth. In snowslide areas the more open flatter ground is a greater
guarantee against this evil. It should be noted on this point, however, that
in such great mountain complexes as are to be found in the San Juan region of
Colorado, the metallurgist may have to go often a great distance from the
mine before finding an entirely satisfactory mill site. In this region mills are
often located in peril of slides and under other disadvantageous conditions
not through the ignorance of the management, but because there is no other
choice. If the tailing discharge into small perennial streams near the head of
the mountains, there is greater danger of this débris blocking the flow than
would be the case if it were discharged into the larger streams, and as will
be shown later, the mill owner is liable for any damage ensuing. If the mill is
placed in the upper part of the mountains in a district having mills in lower
portions, then there will be great difficulty in obtaining the best labor for the
most skilful and steady labor will be found in the mills in the bottoms and

42
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near the large towns, enabling men with families to live with more advantages
and fewer hardships.

As against the advantages named there must be placed the greater cost
of transporting ore to the mill on the railroad than of transporting concen-
trate to the same place. An average cost for transporting ore or concentrate
by wagon in western camps and for a haul of 1 to 2 miles, is about $2 per
ton. If it isassumed that theaverage ratio of concentration is about six, then
the cost of transportation of concentrates per ton of ore milled is 33 cents.
A mine of any size would not, however, consider so costly a mode of transpor-
tation as by wagon. The cost of aerial tramming need not exceed 15 cents
per ton for a 2-mile haul and the relative costs per ton of concentrate are
respectively with this mode of transportation 3 cents and 25 cents. The

difference is not great enough to offset the other advantages which have been
given.

ExaMpLEs OF OPERATING Costs oF TRAMWAY TRANSPORTATION PER ToON

Cost Cost Cost Cost
Span cents Span cents Span cents Span cents
1300 ft. 2.7 14,000 ft. ‘9 10,560 ft. 10 1224 ft. 9

The figure of 15 cents includes the construction cost per ton. The cost of
aerial trams may be taken at about $15,000, while the cost of standard gauge
railroad from the mine may run up to $20,000 or $30,000 per mile or more.
A s-mile railroad haul on steep mountain grades and with sharp curves may be
equal to only 1 to 2 miles of aerial tram which proceeds in straight lines
across the mountains. The great disadvantages of the aerial tram are its
liability to sudden and unexpected breakage of the supporting ropes, or a car
becoming loose on the inclined portions of a span and carrying everything
before it in a mad descent to the lowest portion of the span. Aerial trams
have but a limited capacity and when this is exceeded all that remains to do,
if further capacity is desired from this mode of transportation, is to parallel
the first line by a second. A large capacity can only be obtained at great
expense. In many precipitous regions it is the only feasible mode of trans-
portation. A young mine can seldom be burdened with expensive transpor-
tation means and must be content with high ton costs in transportation until
such time as the development of the ore bodies warrants large expenditures.

The obtaining of a suitable mill site in the lower reaches in western mining
regions is not always an easy matter. The bottom lands have frequently
been preempted by hybrid individuals who are neither miners, prospectors,
farmers or stock raisers, but a little of each. At certain seasons of the year
they will be found working underground; at others they will be found in the
hills prospecting, and in favorable times they may do a little gardening or
stock raising.

If a mining company desires the land of such an individual, they may
reckon paying ten times its value as agricultural land. In addition to men
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of this character, there are others around mining camps who live by their
wits and will preempt any ground on hearing the smallest rumor that it can
be made use of by others. Many readers of this work have probably had
the experience of finding ground appropriate for surface plant freshly located
when they went to preempt it. The path of late comers to mining camps
projecting mining enterprises is not strewn with roses. Water rights of any
value or the most worthless will be found in the possession of others, and like
other free natural resources must be well paid for if needed.

Water Rights.—In preempting water the common law recognizes no ab-
solute right of appropriation when taken for useful or beneficial purposes.
Under this view the owner of land through which water flows or which is
bounded by flowing water, has a right to demand that the water continue to
flow undiminished in quantity and unimpaired in quality whether he derives
any benefit from its flowing or not.

This conception of riparian right has never had much force in the western
states. The Federal government where it has had jurisdiction of both streams
andlands has always silently acquiesced in a preemption of water, provided the

. water was taken in such a way that others could also have the benefit of it.
Junior locators must respect the right of seniors. In some western states as
California, Oregon and Washington, which are more strictly agricultural than
mining states, the courts have laid down the principle that where the govern-
ment sells land having running water on it, the common law doctrine of
riparian rights will prevail and will prevent any appropriation by one enter-
ing a region after such a purchaser of land. The common law conception in
this may be stated as follows: If one is situated at such a distance above a
land owner on a stream that he may take and use the water and return it to
the latter undiminished in quantity and unaffected as to quality, then he need
not consult such land owner in the use of it. But if he has to carry the water
over the land of such owner or over other land, and in either case depriving
him of the use of a portion or all of it, then he must obtain the right to do this
from such land owner. In Nevada and Colorado, whichare distinctly mining
states, such a view is not held unless the land owner has separately preempted
the water. Thus the Supreme Court of Colorado has said:!

“The right to water in this country by priority of appropriation, we think, is
and has always been the duty of the national and state governments to protect.
It is entitled to protection as well after patent to a third party of the land over
which the natural stream flows, as when such land is a part of the public domain.”

In the Clifton-Morenci district, Arizona, the mills are usually situated at
some height above the main stream; thus the mill of the Detroit Copper Com-
pany is 1500 ft. above the bed of the San Francisco River, water having to
be pumped from the latter source for milling purposes against this tremendous
head. The reason for such a location is entirely one of the pollution of the

1 Coffin vs. Left Hand Ditch Co., 6 Colo. 446.
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river with tailing. When pumping against such a head, the utmost economy
of water must be practised and the soluble copper and iron minerals form
acid which makes a heavy attack on iron and steel. The San Francisco
River is a torrential stream and during the dry season the flow would not
be sufficient to carry off the tailing from the mills of the district. If the mills
discharge their tailing directly into the San Francisco River, the bed of this
stream would be choked, the agricultural lands below flooded, and the mines
liable for damage. -

The English law allows of no pollution of streams whatever. In the Corn-
ish mining district early establishment of the business and custom have
allowed of pollution of streams to the degree necessary for milling operations.
In our western states the English doctrine prevails more strongly in those
states which have followed the ruling that water cannot be preempted after
land has been purchased from the government, namely, California, Oregon
and Washington, than in those where the contrary ruling has been made,
namely, Nevada and Colorado. The tendency is toward the relaxation of
rigid restrictions as to the use of water. In no state would a pollution to the
extent of a nuisance be permitted. For example, offensive slaughter house
refuse and acid discharges would not be tolerated anywhere, as such wastes
would render the water dangerous, unpalatable and unfit for any purpose.
The deposit of tailing and sawdust in a limited degree would scarcely in any
state be regarded as pollution to an extent requiring a prohibition by the
courts. It should be borne in mind that most streams are muddy and the
addition of a small amount of inner matter will affect the quality of the
stream little, if any. During flood seasons far more solid matter is carried
down streams than is usually discharged into them from mills or factories.

In one of the decisions of the case of Sanderson vs. Pennsylvania Coal
Company the court said: '

“Undoubtedly the defendants were engaged in a perfectly lawful business in
which large expenditures had been made and with which widespread interests were
connected; but however laudable an industry may be, its managers are still subject
to the rule that their property cannot be so used as to inflict injury on the property
of their neighbors.”

The case of Sanderson vs. Pennsylvania Coal Company is quite famous in
legal annals. Sandersons purchased a tract of land in the vicinity of Scran-
ton, Pennsylvania, and erected a handsome mansion on this land. One of
the chief inducements to purchase was a fine stream of water flowing through
the land called Meadow Brook Creek. At a large cost this stream was made
to furnish a fish pond, ice in the winter, and its water was piped to the house.
After this was done the Pennsylvania Coal Company opened a colliery and
pumped the mine waters into Meadow Brook Creek. The waters were so
injured by these acid additions that the fish were killed and the piping to the
house rapidly corroded. On the first three trials of the case Sanderson won,
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but on the fourth Sanderson lost, the court saying in effect that he had but
suffered a personal inconvenience which must yield to the necessities of a
great public industry.!

In the strictly mining states pollution of the streams would be permitted
up to the point where such a pollution would constitute a nuisance, but in
these states the owners of agricultural lands could obtain damages from time
to time for injury sustained, though they could not obtain a permanent
injunction. In the agricultural states injury to agricultural lands by the
overflow of tailing would probably cause the issuance of a permanent
injunction.

In the case of the Arizona copper miners a single mill would cause the
flooding of bottom lands by tailing débris during low water. The damage
from flooding agricultural lands seems to be due to a choking of the growth
preventing water from reaching the roots. The year following such flooding,
provided it is not repeated, the land after plowing is nearly as good as new.
This does not apply to flooding where great masses of coarse tailings are spread
over the land as well as fine and slimy matter. When this happens the soil
is impoverished after plowing by dilution of barren rock. In copper mining
regions it is possible that the acid water from the tailings destroys vegetable
growth. The same claim is made in the lead mining districts, but when it is
reflected that galena is absolutely insoluble in water (Comey) and oxidizes
very slowly, such an argument is not entitled to much weight. It is said in
these districts also that stock frequently becomes ‘““leaded’’ by a process of
collection of galena in the stomach of the animals and a slow absorption of
poisonous salts or by the dead weight, leading to disturbances causing the
death of the animal. I have never been able to run down a bona fide case of
poisoning of this kind. For a great many years I was neighbor to a milk
ranch and at regular intervals every day the cows used to go down to an arti-
ficial channel in which was running water heavily charged with lead slime
tailings. The cattle liked it and throve upon it. Poisoning of animal or
vegetable growth is largely a vagary of an idle imagination.

Impounding of tailing by dams can be practised in streams which are not
of too torrential a character. In many mining camps the companies unite
in such projects, as all derive a benefit from them. The water leaving the
dam is good enough for all but domestic purposes and as springs and small
uncontaminated brooks are used for the latter purpose, the dam should be
entirely effective in preventing losses. At Clifton, Arizona, the Shannon
Copper Company has placed its mill at a sufficient height above the San
Francisco River to be out of the reach of floods and to allow of storage room
for all but the finest tailing, the overflow from the settling pond. The sides
of the pond are built up with the tailing and are kept a few feet above the
level of the water, being raised from time to time as the accumulation of

1 Sanderson could notobtain a permanent injunction. On the other hand damage was
proved for which the coal company would be liable.
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débris renders it necessary. Water for the mill is pumped from the river
below.

Flat vs. Sloping Site.—The question of the slope of the terrain is one con-
cerning which there has been much dispute. On one side the extreme opinion
is advanced that the slope should be of sufficient magnitude that the ore once
started at the top will flow on down through by gravitation alone. At the
other extreme there are advocates for a flat site. When the history of
the growth of milling practice in the United States is investigated it appears
that examples of early milling in the United States are to be found either in
the flat eastern parts of the country such as in the Lake Superior district, or in
the stamp mills of Georgia and California or other mining communities
patterning upon these latter. In one case the flat site is compulsory, in the
other highly advantageous because the operations are so few and simple.
The majority of ore mills erected today are in Western mountain regions and
are not of the stamp-mill type, and the flat site is not compulsory. For the
general run of concentrating mills a gently sloping terrain, from 15 to 28 deg.,
offers the most suitable ground. In the flat site elevators are needed at every
turn while on the gently sloping one only for the main flow lines. A limited
number of elevators is absolutely of no disadvantage whatever. The dis-
advantage of steeply sloping hillside for the complex operations required in a
modern concentrating mill employing jigs, tables, screens, crushing and com-
minuting devices, etc., is so manifest as scarcely to need enumeration. Ona
35-deg. slope for every foot of floor space gained on the solid, o.7 ft. of retain-
ing wall must be built. For a floor 30 ft. wide the retaining wall must be 21
ft. high. The cost of such a wall when supported by its weight alone and
when made of concrete is $8 per cubic yard and for a width of 30 yd. is about
$2500 exclusive of excavation. With such prohibitory costs for retaining
walls on a steeply sloping site, the only procedure which can be followed to
reduce the cost of walls, is to make the floors narrow and suspending a part of
their width so as to reduce the height of retaining walls (the width of base
increases directly as the height and hence the volume increases rapidly with
the height). The length of the building required to house the machinery
instead of being approximately the length of the floors, is this amount divided
by the cosine of the angle of slope. When the combined length of the floors is
150 ft., the mill building on a 35-deg. slope must be over 180 ft. long. It is
true that with such a great slope the building need not be so high for the
screens and classifiers can be brought closer to the concentrating machinery,
but very little decrease of height will result from this procedure.

With narrow step-like floors alterations in the arrangement of the ma-
chinery are well nigh impossible, the amount of labor required to operate the
mill will be greater than if the mill were located on a more gently sloping site,
for even in a very small mill one or more men will be required on each floor.
In overseeing the work of the mill the superintendent will be exhausted by the
amount of climbing necessary in the course of a day, and moving heavy
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repair parts from the lower to the upper part of the mill will entail great con-
sumption of time.

It is evident from the multitude of operations necessary in a concentrating
mill, the gravitational flow system of arrangement in its extreme form (a
high hillside) will scarcely suffice for taking in crude ore at the top of the hill
and delivery concentrate at the bottom. If the mill be located in accordance
with the recommendations at the beginning of this chapter, then it may
be expected that the mill will be on gently sloping benches above the
main streams of the district where almost ideal sites can readily be found.
The point chosen for the mill should be above high flood water and if storage
of tailing be necessary (the necessity of this step is being seen more clearly as
time goes on), not only for avoiding lawsuits, but for a possible future rec-
lamation of the values in the tailing by improvements in treatment, then a
site should be chosen with a depression of a sufficient size to accommodate all
the tailing which will accumulate during a long term of years. The site
should be as nearly uniform in slope for a distance sufficient to accommodate
the mill buildings and such auxiliary buildings as are necessary, such as shops,
assay office, etc. If the ground rises sharply at the upper end of the site,
it will offer better facilities for the location of the crushing plant, provided it
is decided to erect a separate building for crushing, sampling and sorting.

The question of snowslides is one of prime importance in regions (such as
the San Juan) of heavy snowfalls and precipitous slope. The high moun-
tains of this district with low average annual temperatures, cause great
amounts of water to be precipitated. The winds usually blow from the west
as determined from the mountain summit. In the valleys the winds are
commonly of the mountain and the valley type. The wind blows toward the
mountains in the afternoon and occasionally attains considerable velocity.
After sunset the wind subsides and toward morning there is a light breeze
from the mountains toward the lower level. The west winds at the summits
are frequently of high velocity, especially in winter and spring. The action
of the wind as found at the summits of the mountains taken in connection
with the deflections caused by the mountain masses is of considerable im-
portance in packing snow on lee slopes and more so in combing over snow
on the opposite side of the summits, thus creating conditions highly favorable
for slides. Some information should be obtained from local authorities on
these points before choosing a mill site. The precipitation in the San Juan
region is over 25 in. a year, and there are but few areas in the State of Col-
orado which are as high. In the Coeur d’Alene region, Idaho, from which
also not infrequent reports come of destructive slides, the precipitation is over
25 in. per year. As compared with the San Juan mountains this region is
low in altitude, but is nearer the Pacific and forms one of the barriers against
the winds and moisture of that ocean. A map of the Canyon Creek
mill area in this region, one where much loss of life and destruction of property
has ensued from snowslides, is shown in Fig. 6. There are many little
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settlements along this narrow canyon and as an inspection of the map will
show, practically the entire length is capable of furnishing the terrain for a
destructive avalanche.

In the Coeur d’Alene region the precipitation is greatest with the ex-
ception of one summer month, in the months of October, November, Decem-
ber and January. It is about the same for these months and averaging

F1c. 6.

over 3 in. per month. There is a relatively low amount of precipitation in
April but in June the precipitation reaches its highest point. The dryest
month is August. February and March have high precipitation but not as
high as the winter months. There is a gradual rise after the low precipitation
of August to the heavy precipitations of the winter months. In the San

uan region the month of greatest precipitation is March. The lowest
i
4
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month is June, but there is not much choice in the matter of precipitation in
the other months of the year, they being between 2 and 3in. The precipita-
tion in March is nearly § in., often more. The precipitation in Jan-
uary and February exceeds that of November and December.

Snowslides are apt to be more frequent in the San Juan region than
in the Coeur d'Alene, for the higher slopes are almost bare of timber and
a greater number of precipitous slopes exist. About twenty-five years
ago the camp of the Custer mine in Nine Mile Canyon was swept away

causing the loss of the lives of 7 men. About twenty years ago a
snowslide in Canyon Creek at the Black Bear mine below Mace killed a
number of persons and in an appalling disaster some years ago near the
town of Mace more than 30 lives were lost. In both the case of the
Coeur d’Alene region and the San Juan region, the most dangerous period
of the year is the spring when the heavy winter snows begin to melt. If
there are spring rains, the snow becomes heavy and in the condition called
rotten and ready to give way from slight cause. A freeze of an old snow
surface followed by a heavy fall of snow gives unstable conditions which
may bring both layers down the mountain side. Even the most apparently
safe position in the mountains may not be beyond the reach of avalanches
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and in this connection the destruction of the Camp Bird mill in March,
1906, may be cited.! The slide which destroyed this mill ran for a con-
siderable distance over flat ground and fell over a cliff on to the mill building.
The mill structures were not in the path of any known recurring slide. The
“United States’’ and “Hayden” came down almost together filling the gully
below where they met (see map). The small slide “No. 3" ran down the
mountain side after these occurrences encountered the mass of snow in the
bottom and was deflected in a northerly direction toward the mill. The
destruction caused by this small slide with the ensuing fire wiped out the mill.
An examination of the map Fig. 7 will show that the United States slide

Fi1c. 8.

starts from a cirque affording a basin in which snow can accumulate if wind
and other conditions are right. These cirques have been formed by geolog-
ical agencies acting on horizontal beds of igneous and sedimentary rock.
The photograph of Imogene Basin Fig. 8 shows this structure very well.

In a snowslide region the mill should never be placed at the bottom of a
steep slope. If snowslides have run down one slope, they are apt to recur
for the mountain side has been smoothed by the passage of the first slide mak-

1 As described to me by Mr. David R. Reed of the Camp Bird, Limited.
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ing a recurrence very possible. Never locate near a recurring slide. The
distance which slides will run is often incredible. They will often, after
crossing a wide valley, create destruction far up on the hill slope on the
other side. An up and down canyon or gully is often a favorable seat for
recurring avalanches. The wind which accompanies snowslides has quite a
destructive range. :

Two forms of slides are recognized due to difference in the weight per
square foot. The light dry snows cause avalanches which are apt to run in
the earlier months of winter. They travel at a far faster rate than the
avalanches of wet snow. Both types of avalanche are always accompanied
by heavy gusts of wind. The spire of the church in the town of Dissentis in
the Grizons, the largest and easternmost of the cantons of Switzerland is said
to have been thrown down by the gust of an avalanche which fell a quarter
of a mile away. I have seen evergreens 6 in. in diameter cut off by the air
blast of a snowslide hundreds of feet up a slope above the point where the
slide came to rest. In our western mountains the dust avalanches are
relatively rare, the slide of wet snow being the more common.

As modes of protection against slides rock filled cribs have been tried

- successfully. At the Liberty Bell mine a V-shaped rock filled crib was built.
At this mine in the Telluride district 18 men lost their lives in 19go2. A V-
shaped crib was built with the point uphill. ‘In 1906 this device was tried
by a slide and resisted it successfully.

Grading Mill Sites.—For the purpose of making computations as to the
amount of cutting and filling necessary on the mill site, it will be convenient
to run parallel transit lines about 25 ft. apart, taking elevations along these
lines at 25-ft. intervals. From this information contour lines may be put in
from which the cut and fill can be computed. The mode of making these
computations will be found in any treatise on surveying. After the mill is
designed and the floor plan obtained, a tracing of the profile of the mill floors
and retaining walls can be laid on a section obtained from the contour lines
at the exact site and adjusted until the floors are on the solid to any desired
extent or suspended to any desired amount. Having fixed the position on
the profile, it can be transferred to the contour plan and the amount of cutting
computed in the way already suggested.

Foundations.—The character of the foundation material in mountainous
regions is usually such as to give very little concern to the metallurgist. As
we ascend from the bottom toward the summits rock in place is found more
and more near the surface. The rocks themselves if they do not crop boldly,
will be covered with a light amount of top soil containing vegetable matter
and immediately under will be found a species of hardpan containing cemented
angular fragments. The lower slopes of the mountains differ from the upper
only in the amount of débris which has collected at their bases. Where the
débris is of the nature of talus, it will not offer a secure foundation, but the
presence of this uncemented débris is usually readily detected. There is no
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objection to uncemented débris provided it is well compacted or if it be sup-
ported on all sides by firm material, but cases of this kind are rare; the toe of
the rock pile usually points down-hill and as it is generally slowly descending,
foundations will in time be thrown out of line by its movement. Location on
fresh alluvium in the bottoms should be avoided, but deep old alluvium
which has filled the valleys to a great depth, is perfectly safe. Foundations
should always be carried down through the surface soil containing vegetable
matter into solid material beneath. On mountain sides the foundations must
usually go deeper than on flat or gently sloping ground, that is, unless the
foundations be located on cropping rock. If the rock is relatively near the
surface, it will be best to carry the foundations down to it and this applies
more particularly to mountain side locations. In locating foundations on
rock, the decayed portion must be cut away and removed and the load put
upon it should not exceed one-eighth the crushing strength of the rock.

BEARING POwWER OF SoiLs!

Kind of material Bea.riflg power in tons pef- sq. ft.
Minimum Maximum
Rock the hardest-thick layers, in native bed.......... 200 fiiiiieiiiiiian.
Rock equal to best ashlar masonry................... 25 30
Rock equal to best brick masonry................... 15 20
Rock equal to poor brick masonry................... 5 10
Clay on thick beds, alwaysdry...................... 4 -6
Clay on thick beds, moderately dry.................. 2 4
Clay, soft... ...t i it i 1 2
Gravel and coarse sand, well cemented................ 8 10
Sand compact and well cemented.................... 4 6
Sand, clean,dry................ ... ... ool 2 4
Quicksands, alluvial soils, etc....................... 0.5 1

The danger of a clay-bearing bottom is that even if dry it is apt to become
wet in the milling operations and squeeze from under the foundations. An
inclined wet stratum of clay unsurrounded by firm material, forms the most
dangerous foundation that can be conceived and disaster will ensue from loca-
tion of buildings of any weight upon it. A clay soil containing a liberal ad-
mixture of sand and resting in horizontal beds and well compacted offers a
good foundation. In the northern camps it will be well to carry the founda-
tion trenches below the lowest frost line which may be as much as 6 ft. In
testing for solid ground on the mill site, trenches may be sunk until rock is
reached or until a hard impervious stratum is reached which unmistakably
shows evidence of not having partaken of any movement. Unless the rock is
very deep, it will be best to form an accurate idea of how deep it lays with the
view of carrying down to it all piers for supporting the crushing machinery.
Where practicable it will be best to carry these piers down to the rock, taking
care in the erection that they are entirely free from the rest of the con-

! Treatise on Masonry Construction by Ira O. Baker.
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struction. In this way vibration in the superstructure is largely eliminated,
being absorbed by the foundations. The object of proceeding down to a firm
stratum is not so much to obtain an unyielding bottom as one which does not
yield markedly. By computing the weights resting on the foundation at
various points and suitably spreading the foundations proportionate fo the
load at the different points, a uniform subsidence can be obtained and this is
rather the desideratum required than absolute unyielding. The old spread
foundations in Chicago rested in mud, but were so nicely calculated that the
marked subsidence which took place after the completion of a heavy building
did not endanger its stability. In digging foundations for retaining walls and
piers no more material should be removed from the trenches than is absolutely
necessary, and after the foundations are in place the material removed
should be filled in around them. The importance of this will be recognized
from the following tests made in the foundations for the government printing
office, Washington, D. C.! A 12 X 12 stick was placed on end in the trench
to be tested and loaded.

“Under a load of 7000 Ib. it showed a settlement of o.1 ft. within less than 30
minutes from the beginning of the test. Under a load of 20,000 lb. and after a
lapse of an hour and a half, the settlement was 0.686 ft. and increasing. Unloading
was then commenced, the settlement increasing meanwhile to o.793 ft. . . .. A
careful examination indicated that the settlement was entirely due to the wet sand
working out from under the end of the stick . . . . and the fact that there was no
weight on the sand immediately around the base of the stick . . . . The stick was
then placed in the pit again, and sand from the excavation thrown in around it to a
depth of about 6 ft. Under a total load of 22,370 lb. and after 48 hours, the
maximum settlement was o.044 ft.”’

In building piers or other foundations of concrete, the outer 2 in. should
be not considered as capable of receiving any pressure as the material in this
portion next to the forms is unsound.

Footings are generally made of concrete and should be spread in the form
of a truncated four-sided pyramid, the base of the pyramid resting directly
upon a concrete base, this in turn resting directly upon the ground. The
concrete base which is about of the same dimensions as the base of the
pyramid, may be of concrete 6 to 10 in. deep. The sizes of the piers will
depend upon the calculated weight of the post and portion of the superstruc-
ture resting upon it both live and dead load and including, of course, its proper
proportion of the weight of the machinery. With the uniform character of
the foundation material to be found in mountainous regions, the amount
of subsidence will usually be too small to measure with the comparatively
light weights of mill structures, consequently all that need be done is to make
the footings proportional to the load, using a liberal factor of safety, say 1o
for the footings. Every post in the superstructure should have a concrete

1 Chief of Engineers Report, U. S. War Department, Part 4, 1904.
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footing, whether it is for a wall plate or an interior post. In steel construc-
tion foundation bolts will have to be set in the concrete while it is being put in
place and following the blue print foundation plan. Where wooden posts
are being erected some engineers merely rest the post upon the pier supporting
them until the erection of the superstructure secures it in position, when the
weight of the superstructure and the floors built around the piers, etc., will
hold it in place. If the post is framed into the ends of sill timbers resting
upon the piers, such procedure will be good enough, but where the post rests
directly upon the pier, it will be found better both for security in erection and
for any possible future contingency to set into the concrete a stout, steel pin
projecting above the top of the pier 4 or 3 in. and fitting into a corresponding
hole in the end of the post. The practice of burying the end of the post in the
concrete gives too much trouble in erection, renders rectification of mistakes
impossible, and has no good feature to warrant it.

In inferior construction short posts are made to arise from small pits into
which is thrown some concrete and on top of these short timbers the sill
timbers are laid. Another practice is to cut longitudinal and cross trenches,
the intersections marking the positions of the posts and secure the advantages
of a spread foundation by laying planks on the concrete upon which to rest
the post.. The disadvantage of this is that the trenches are apt to cave in
and the footings will become rotten. The placing of the posts directly upon
the ground without any preparation with the exception of a short length of
board to act in the nature of a spread foundation, is a practice which I
have seen in a few cases and is as bad as can possibly be.

Retaining Walls.—In designing retaining walls the informatjon given by
Trautwine is usually used by engineers for computing the width of the wall
at the base. As, however, the theory upon which the design of retaining
walls is based is the same that is considered in the next chapter in discussing
the theory of the design of bins, some theoretical considerations will be given
here. In all the formule which have been deduced by mathematicians for
resultant earth pressure per ft. of length of wall, Weyrauch’s, Coulomb’s,
Rankine’s and others, the final expressions obtained are the same where
the wall is not surcharged and the rear surface of the wall is vertical. The
formule given by Trautwine also accords in this case. A full discussion of
these various theories cannot be given here, nor would it serve any useful
purpose to do so. A complete theoretical discussion will be found in “The
Design of Walls, Bins and Grain Elevators,” by Milos Ketchum. Rankine’s
theory from its simplicity of assumptions and from the simplicity and ease
with which the different steps proceed in the derivation of formula, is the
one best suited to the student. It gives expression more in accordance with
fact than the other theories and answers all questions satisfactorily. In
Rankine’s theory the filling back of the wall is supposed to be a uniform
mass of particles which do not adhere to one another and the only forces hold-
ing them up neglecting the reaction of the wall, is the friction of one particle
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on another. As the large majority of cases both in ore-mill retaining wall
design and in ore-bin design deal only with vertical surfaces in contact with
the material to be upheld only this case will be considered.

2 2
If we plat an ellipse of the form %5 + %2- = 1, v will represent the vertical

unit pressure for depth of the wall d, v is consequently equal to wd where »
is the weight of a cubic foot of material back of wall. Rankine’s theory
shows in that the relation of v to 4, the horizontal pressure is given by the
. 1 — Sin ¢’
expression k= 9 TF Sin ¢’
wall; we thus have the relation of the major and minor axes of the ellipse,
h being the horizontal pressure per square foot at any depth d, x and y repre-
senting respectively vertical and horizontal pressures at any intermediate
depth. In the case of a vertical retaining wall unsurcharged % is the unit
pressure at the bottom of the wall, and since the total horizontal pressure
must increase uniformly from the top of the wall to the bottom, there is a
: _; :::—I and whose altitude is d, the
total pressure per ft. of wall is consequently 1/2wd? = SM.
' 1 + Sing

retaining walls we may disregard this theory for practical purposes following
the practical recommendations given by Trautwine. The use of the theory
for bin walls will be given in the next chapter.

¢ being the angle of repose of material back of

triangle of pressure whose base is v

For vertical




CHAPTER 1V

CRUSHING PLANT

In this chapter in addition to the general factors surrounding the erection
and equipment of crushing plants, will be considered only such devices and
machines as are particularly used in the coarse crushing departments of mills.
Machinery sufficiently important to warrant separate description such as
shafting, prime movers, crushers, screens, rolls, elevators will be found else-
where. The design of bins will be found under this chapter and descriptions
of accessories such as gates, conveyers and other devices pertinent to them.
Fixed grizzlies will also be treated under this chapter for although they are
screening devices, they are only to be found in the coarse crushing depart-
ment. Means for sorting and coarse sampling will be given as well as the
theory of sampling. The theory and practice of dust-collecting apparatus
will be given and the theory and practice of ore sorting.

It will be found preferable to house the coarse crushing equipment in a
separate building. If the ore must be crushed by crushers, rolls and com-
minuting machines to a fine state of division before any separating operation
takes place, economy demands that all the unlocking devices be grouped
together. If separation follows successive reduction in size, the original
ore or products derived from it, then up to the stage of the first separating
operation, the unlocking machinery should be grouped together. In small
mills the usual practice is to combine the unlocking and separating operations;
thus the ore will pass a crusher and rolls, and from the rolls by way of an
elevator discharge into a battery of screens. The oversize from the first
screen is sent to rolls and is again brought back to the head of the battery
of screens, the object at this point being to force all the ore entering the mill
to pass through the first screen, or in other words the ore is said to be crushed
to a certain limiting size. It will be shown later that this mode of combined
unlocking and separating seriously affects the screening and separating work.
In some small mills there exists the very bad practice of taking the oversize
from the first screen directly to jigs and performing a concentrating operation
there. This is a poor way of avoiding that important requirement which
first confronts the metallurgist, the unlocking the ore to a definite maximum
size, for with this procedure the size of ore undergoing the first separating
operation is not determined by exact sizing devices but by the sets of unlock-
ing machinery, a very variable thing. At this point in the concentration
precise sizing is more needed than in later operations, for the finer the crush-
ing, the greater degree of unlocking, and conversely, the coarser the crushing,
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the greater the degree of dissemination of valuable mineral in worthless rock;
consequently the greater the number of pieces with a specific gravity ap-
proaching that of worthless rock. Where the sizing presents too great a
range, there is more danger of these middling pieces passing away with the
worthless rock, provided a system of jigging is employed in which tailing as
well as middling are made. If the better practice prevails (returning the
oversize from the first screen after crushing, not to the battery of screens
from which it came, but to a separate one) then the evil which has been spoken
of will be avoided. In this case as in the others, there will be no saving in the
equipment required in unlocking. A most decided disadvantage will ensue
from not being able to arrange it in the best way, for the two problems of
best arranging the separating and unlocking machinery cannot be satis-
factorily answered unless they are kept separate. This will be understood
more clearly when it is shown that the two kinds had best be arranged when
it will be evident that the two cannot be advantageously grafted upon one
another. It will be best to have a fourth wall separating the crushing
machinery from the concentrator proper if only to avoid the dust and noise.
Again, since under the most compact way of separating the two kinds, the
upper end of the concentrating mill proper will be occupied by a bin for
crushed ore and to fill this bin from the crushing plant will require that the
latter be set back either to the rear or side of this bin; it will therefore be
cheaper to wall off the crushing plant than to extend its roof over the crushed
ore bin of the concentrator building.

- It will be found best to support the machinery and other equipment for
the crushing plant as directly as possible on the ground. This will free the in-
terior of the building from heavypostsand reduce the housing toalight framed
structure sufficient merely to stand snow and wind pressure and such light
weights as stairways, man and package elevators and some shafting. The
sheave of a package elevator can be supported from guides of sufficient
strength resting on the ground.

The principal operations which must be undertaken in the coarse crushing
department are crushing to a limiting size and sampling. Where the ore
demands sorting mechanical means must also be arranged for it in this de-
partment. If the ore requires drying which is only the case when all the
ensuing operations are conducted with dry ore, then arrangements for drying
should be made in the coarse-crushing department. Sampling and sorting
are operations seldom found in the average mill simply because the concen-
trating and crushing equipment are jumbled together as a false measure of
economy.

Asasuggestion for the reader in the matter of crushing plants,a simpleline
plan and elevation is given in Fig. g for a small crushing plant, 200-tons ca-
pacity in eight hours, showing correct principles of arrangement. The plant
provides for sorting, sampling and crushing to a maximum size of about 1/4in.
Sorting is provided for 3-in. to 1-in. ore by grizzly and shaking launder leading
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to the first crusher, the ore being sorted in the launder. Sorting from 3 in.
to 1 in., which is the limit for this operation, is provided for by a picking
belt fed by the oversize of a 1-in. grizzly. In general it may be laid down
that it does not pay to crush for sorting, and sorting must be arranged for
as an intermediate operation before crushing or between the necessary crush-
ing operations.

/
-l 1
Wl LA
A&B
.S -
d==% / ,,' A, Crusher bin.
i3 zi’y ; A’, Chutes or feeders.
"ﬁ :W.,x_,\:!‘ / B, Storage bin.
'H C, Conveyer to crusher.
4R D, Grizzly.
T Qe E, Shaking feeder.
3,080 ?—‘\\\\ —=3 F, F, F, Crushers.
L :ﬂ:,ﬂ\ G, Conveyer to elevator.
—— F G: e — H, H, Elevators.
Lo.Jd I, Gn'zzly.
ELEVATION J, Sorting belt.

K, Bin, oversize of grizzly.

M, Undersize belt to trom-
mel N.

O and S’, Oversize bins ot
trommels N and S.

L, L, P and T, Feeders.

Q and U, Rolls.

R, Conveyers.

V, W, X, Y,Z mandr,
Sampling devices.

Fic. 9.

Having decided what crushing operations are necessary, the sorting
operations can be installed at convenient points, preparation for sorting being
obtained by the use of screening devices. The screens are mounted upon
the bins which feed the crushing machines and the bins themselves rest in
turn directly upon the ground. The elevators are also supported to some
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extent upon the bins, though their main footing is upon the ground. The
elevator boots rest directly upon the ground and are accessible from four
sides. A boot for an elevator should never be set in a pit whether for
elevating ore and water or dry ore only. This is a caution especially to be
observed in elevating dry material in a coarse state of division as stoppages
due to jams in the boots are much more frequent than when elevating more
mobile fine material whether wet or dry. For ease of clearing the boot and
repairs at this point, it is preferable to have it approachable from all sides.

The sampling plant calls for flow-retarding devices following each crushing
operation; conical drums are indicated for this purpose. Sampling in a rock
house for a concentrating mill can be carried on to somewhat greater advan-
tage than in a custom sampling plant, for it is not imperative for smelting
purposes to have the ore in a coarse state of division. Moreover, as the ore
must be finely crushed before entering the mill proper, there'is nothing gained
in taking the first cut following the first crusher as is the common practice
in custom sampling plants or other plants whose only function is sampling.
Where the sampling is left to the end of the crushing operations, two cuts of
the finely divided and thoroughly mixed ore can often be taken before finer
crushing is necessary, and if desired these cuts may be one-fifth of the whole
stream followed by one-fifth of the sample stream from the first cutfing, making
the weight of sample but 8 tons before further crushing is necessary, whereas
the tenth cut, which is commonly employed in sampling plants, gives 20 tons
on a first cut and must immediately be followed by crushing, if the ore be sam-
pled below the main breaker. The crushing machinery is all mounted on the
same longitudinal line and on short concrete bases which are entirely free
from the superstructure, thus avoiding a heavy framing for resisting the
vibration and supporting the weight of these machines. The crushing
machinery is driven by a jack shaft placed under the bins supplying the
crusher. The bearings for the jack shaft are supported by small piers resting
on the ground. It is evident from an inspection of the drawings that the
entire space over the crushing machinery is clear to the roof. This allows
complete freedom of movement to the repairing crane which is shown above
these machines. This crane is light and simple and is drawn along by a
hand-chain gearing, the trolley being moved in the same way. The hoist is a
suitable chain block secure to the hook of the trolley. For a small installation
I prefer two 6 X 20-in. breakers for reducing from 3 in. to 1-1/4 in. to a set of
giant rolls. The roll is more suitable for large crushing operations. The
Blake type of crusher has also been selected to do the first crushing. Con-
veyers are employed to take the crushed products to the elevators.

It will be best to have the crushing machinery fed by nearly horizontal
feeders, for in allowing the ore to flow by inclined landers directly to the
crushing machine too much head room is taken. It will be noted that each
oversize product has a separate bin. These not only afford support for the
screens, but provide means of keeping the crushing plant in operation while
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any individual machine is being repaired. Wooden bins have been shown in
the plans but steel bins of rectangular or circular outline could be substi-
tuted if desired.

Stairways.—All stairways and main passage ways in mills and rock
houses should be not less than s ft. wide, otherwise while serving to allow
men to pass along, accidents are apt to occur while moving supplies, repair
parts, etc. Stairways should always be shown in full detail in mill plans.
They are often entirely omitted from the plans, with the result that when the
mill is erected they must frequently be placed where they are in the way or at
too high an angle, too narrow or with too many turns. Where it is necessary
to turn the stairway, a roomy platform should be provided. Stairways
should be erected in the most substantial manner, as it is uncertain in repair-
ing how much load they will have to bear. The rise should not exceed 7 in.
and 6 in. is preferable. If the steps have a 6-in. rise the run should be 10 in.,
and an inch should be taken from this measurement for every inch of in-
creased rise.

Ore Bins.—Bins used for mills are constructed of wood or steel. Wooden
bin designs will first be considered. Wooden bins should have a hoppered
bottom placed at an angle of 45 deg., and this is particularly desirable for the
bins receiving ore from the mine. The run-of-mine ore contains many large
pieces which build up at steep angles of repose upon themselves at a much less
angle of repose than on a smooth inclined suyface. It is very common in
wooden bins with flat bottoms to find only a cylindrical space cleared about
the gates, the ore standing up nearly vertically when in large slabs. The
closer the gates are together in a flat-bottomed bin, the greater the uninter-
rupted runout after the bin is filled. The argument for a flat-bottomed bin
is that it provides more storage room so that if there is an interruption of the
supply of ore from the mine that portion of the ore which lays dead in the bin
is available for milling by shovelling. As it costs money to shovel out a bin,
the advantage of storage is more than offset by this expense. In bin design
capacity should be ample for all contingencies, at least enough for 48
hours’ run. Sill timbers should not be allowed to rest directly upon soil.
If the bin rests upon flat ground three rows of piers may be built under the
sills, one row being directly under the front posts, the second under the
center of the sill timbers, and the third under the rear posts, or the bin may
rest upon two or more parallel longitudinal walls. If the bin be of great
width, additional rows of piers may be necessary, or it may be advisable
to cut cross trenches at each sill and fill with concrete. For bins supported
partly on retaining walls and partly on the solid, it will often be advantageous
to concrete the whole flat surface in the rear of the retaining wall and rest
the sill upon this concrete floor. The cutting of a terrace for a bin fronted
by a retaining wall, must be carried back until there is no danger of loose
material sliding down on to the sill timbers and setting up decay. Where
the bin is set upon a terrace cut out of rock and fronted by a light finishing
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wall, concrete may be advantageously employed for surfacing the rock,
giving a horizontal plane surface for seating the sill timbers.

For wooden-bin structures only sound straight lumber should be used.
Oregon pine is almost ideal for this purpose, being obtainable in sticks of the
very largest size entirely free from knots. Oregon pine is quite resilient,
resisting well the sudden shocks to filling or emptying bins and does not
decay easily; it is highly impervious to water.

In designing wooden bins it must first be determined what dimension
to employ to secure the desired storage capacity. Broken ore will vary in
weight from go lb. per cubic foot, for slightly mineralized quartz, to 130
Ib. per cubic foot for rich galena ores. In the calculations which follow it
will be assumed that 1 cu. ft. of broken ore weighs 1151b. From the desired
tonnage to be held by the bins may be obtained the capacity in cubic feet, by
adopting as a factor, an estimate of the weight per cubic foot, or experiments
may be made to determine this factor with accuracy. It remains next to
consider the relations of length to height and width. For purposes of
computation on this point, the ore may be considered as enclosed by a
four-sided truncated prism the two longest edges of which are equal and
represent the inside depth of the bin at the front face, and the two shortest
edges of equal length as the depth of the bin at the rear face. The truncat-
ing plane has a slope with the horizontal of 45 deg. and represents the slop-
ing bottom of the bin. In considering the relation of the width to the depth
we need consider only a cross-sectional slice of the truncated prism 1 ft. long.
If x be the height of the bin, then we have the following relations for capacity:

! Capacity, proportional to ex-

Height Width, in terms of x pression below, area of slice, 1 ft.
wide
x x 0. 500x2
x 0.9x 0.495x3
x 0.8x 0.480x2
x o.7x 0.455x2
x 0.6x 0.420x2
x 0.5x 0.375x2
x 0.4% 0.320x2
x 0.3% 0.255r?

Capacity with increased width increases so slowly after the width becomes
greater than o.7 the height that this is about the limit for width for any gain.
Where it is desired to get the bin under the main mill building roof and within
the walls of a relatively narrow building, then a wide bin may be constructed
if desired. Bins increase in cost very rapidly as the height rises. Rela-
tively long, low and narrow structures give capacity at the least cost. In
small mills the bin receiving ore from the mine has usually but one gate lead-
ing to the first crushing machine and it is desirable to have all the ore or nearly
all the ore run uninterruptedly by gravity to this machine. Where this is
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the condition to be satisfied a deep wide bin is called for. A drawing of the
receiving bin, at the Mammoth mill, and a little bin for sorted ore 1n use at
Minas Tecolotes y Anexas, San Barbara, Mexico,are shown in Figs. 10and 11
and will serve to illustrate typical wooden bin design. The Mammoth bin
should have tie rods at the foot of.the posts though none are shown. The
Mexican bin has no string courses and while this is permissible in this small
short structure, they must not be omitted in longer structures. In addition
to the ordinary cast-iron washers for the tie rods, there should be under them
a steel rolled plate of square outline and of the same dimensions as the

| EPESNNENS B |

End Elevation. Front Elevation.

Fic. 10.

depth of the string courses. The ordinary cast-iron washers have not
sufficient bearing area and will bite into the wood before much strain is
thrown on the tie rods. The Mexican bin is interesting from the fitting of
the foundations to thecontour of theground. Its rather great overall height
is accounted for by this fact and the further one that it had to be installed in
a very narrow compass. Fig. 12 shows a bin recently designed by me on
the theory which is given later. It has four pockets, two for serving rail-
road cars and two for serving crushing machines. Fig. 12a shows the
Bunker Hill and Sullivan Mill bin. .

Design of Bin Walls.—In the preceding chapter some elementary formule
applying to the theory of bins was given. The formul® for the total unit
bearing pressure and the unit pressure at any depth was given for retaining
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walls and will apply to determining the pressure on the front and rear wall
of an ore bin where the walls are vertical planes and the bin is not filled higher
than the top, or as it is called, surcharged. The angle of repose, ¢, varies
with the nature of the material and its size, the latter factor being of more
importance than the former. The angle of repose is that which is obtained
when material is piled up loosely. Such angles determined by experiment
are of value in determining what slope material will stand in a nearly empty
flat-bottomed bin, but for a bin wall calculation, what is desired is the angle
upon which material under pressure wil slide. This angle, as has been de-
termined by experiment, varies from 1o deg. for fine sand to 55 deg. for
coarse slabby material, like ba'last. The corresponding angles of repose
vary from 3o deg. to 55 deg. An examination of the ratio _T_ Sl—n% shows
that as ¢ diminishes, the pressures increase. A high angle of repose or

Cross Section, Side Elevation.

Fi16. 12a.

internal friction would be safe and permissible in designing flat-bottomed bins
to hold coarsely broken ore from the mine. The angle ¢ must be taken as
45 deg. with a hoppered bottom, since this is the almost universal slope
of the bottom. Let it be assumed that the bin is 20 ft. deep and 14 ft. wide
at the top and that the bottom slopes 45 deg. Then the total bearing pres-
sure for the front wall, per ft. of length as calculated from the formula,

. +S ¢¢ is 3910 Ib., applied at a point 1/3 way up. All this
load may be considered to be uniformly distributed over the vertical front
post at one bent. Actually, of course, the load increases from zero at the

top to the maximum at the bottom and a post should increase in thickness

200 X 11§ —

1See formula, p. 56.
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from top to bottom. If x is the span between bents of the bin, then the
total stress on a single bent will be 3g91ox. It is assumed that the deflection
of the span shall not exceed 1/300 the length of the post (which will be con-
servative engineering practice). The maximum deflection allowable for a
beam with a uniformly varying load, ranging from zero or R at one end of a
beam supported at both ends to a value R’ at the other end, is a complicated
expression. For practical purposes it is usual to find the total amount of the
load in these cases and consider it as a case of uniform loading, or the total
load divided by !, the length of the beam, will give the load per unit of
length under this assumption. In the case under consideration the load per
unit of length is 195.5 lb. per ft. of length, or 16.3 Ib. per in. of length.
It is safe to make the assumption just given, for a little reflection will enable
one to see that the deflection under the uniform loading will be somewhat
greater than under the actual uniformly varying loading. The formula for
deflection of a beam uniformly loaded and supported at the ends is: v =
3
;5—%3’ where W is the total load in pounds, b the breadth in inches, 4 the
depth in inches,/ the length in inches,vthe greatest deflection in inchesand
E the modulus of elasticity of the material in Ib. per square inch. The modu-
lus of elasticity may be taken as 794,274. As,however, the post is nearly en-

tirely rigidly fixed at the top and bottom by mortising and tie rods, we may use
2WIB.

aformulav = 32 EbRY the formula for beams rigidly fixed at each end being

3
= 3—:%[;];; In designing the longer timber of the bent so as not to exceed
a certain deflection we may proceed in one of two ways. We may adopt a
standard sized timber and proceed to find how great a spacing of the bents is
permissible or we may adopt a certain spacing and determine what is the
proper sized timber to go with it. The latter mode of attack will be illus-
trated here. From the formula above and assuming the spacing of bents is

4 ft., or 48 in., we have as the total load on the column, neglecting the weight
3

of the timbers, 15,640 lb. bk® = ZI;VElv which equals, substituting the proper
values, 21,629. Now, by reference to the table of cubes below for the smaller
values, we find that 123 is 1728 and the product of this by 12 is 20,736, or in
other words the stick nearest standard lumber which will satisfy bk® equals
20,736,1s a 12 X 12. The standard sizes of large sticks to be found in the
yards are as follows in inches:

6X 6 8X 8 10 X 10 12 X 12 14 X 14
6X 8 8 X 10 10 X 12 12 X 14 14 X 16
6 X 12 8 X 12 10 X 14 12 X 16

6 X 14 8 X 14 10 X 16

6 X 16
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Values of I3 | Values of M3 trom 6 to 16
Feet " Inches T 7 Cube Inches |_ Cube
10 120 1,728,000 6 216
11 132 1,299,968 8 512
12 144 2,985,084 10 1000
13 156 3,796,416 12 1728
14 168 4,741,732 14 2744
15 180 5,832,000 16 4096
16 192 7,077,888
17 204 8,489,664
18 216 10,077,696
19 228 11,852,352
20 240 13,824,000
21 252 16,003,008
22 264 18,399,744
23 276 21,024,576
24 288 23,887,872
26 312 30,371,328
27 324 34,012,224
28 336 37,933,056
29 348 42,144,192
30 360 46,656,000

The next point to be determined is the thickness of board to be employed
between the bents. To determine this we must employ the maximum
unit pressure which is found at the bottom of the bin over a span 4 ft. long
and adopt the formula for v for uniform loading where the ends of the beam

W 3

32 Ev

b =1. Inthis case W is wl where w is the unit pressure of 2.716 persq.in. A
maximum deflection in this case of 1/300 would amount to 0.16 in. It would
create a bulge, which while the board would not be unsafely loaded, would
not have a good appearance. It will consequently be better to adopt as the
maximum deflection one not exceeding 1—1200 of the span, or 0.048 in. In
the case under consideration, 4® equals 11.0 or & equals 2.3 in. as the proper
depth. 2-1/2-in. boards would satisfy the conditions, practically. In a
fairly large bin, it will be best to line the bin with two thicknesses of 2-in.
lumber, placing one of thelayersonanangleof 45deg. This mode of construc-
tion will aid materially in resisting thrusts tending to overturn the bents
such as are put upon them when a train load of cars passes over the bin and
discharges its load.

It has already been stated that the bents should be secured by string
courses through which at the proper points are passed tie rods to resist
thrusts in vertical cross sections. These tie rods should always be placed just
above the sill timbers and just below the cap timbers. At intermediate points
the advantages of tie rods is greater, but they are in greater danger of being
struck and bent by falling ore, and rods so deformed are of course of little
value in strengthening the bin.

3
are firmly fixed, which has given, v = m or h* equals since
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Before passing on to the design of the other members of the bin bents,
there remains to consider the effect on the pressure of the walls of the bin
due to loading and emptying the bin. There are no records of experiments
with ore, or at least none with which I am familiar. There have, however,
been some trials with grain. Thus J. A. Jamieson! experimented with a model
bin with results shown in Fig. 13. The bin was square bottomed and
provided with diaphragms at the bottom and at the side near the bottom.
To transmit the pressure to a manometer the space back of the dia-
phragms was filled with water. The solid-line curves represent the side
and bottom pressures in filling, )

and the broken lines, three in ” ""“13}‘19 ,
number, represent the pressures m - :‘; [}~ Bottom
in emptying the bin. In tests of ) {
various kinds, which have been 8% P T 5
made by other investigators, §w r c\, I
with bins having the discharge 5 ,,‘r; :’
opening at the center of the “Fw - (y -
bottom, it has been found that o - / < /
the wvariations of pressure on <" vl MV
. . $ < s //
either side or bottom vary so iy el | S.)
little with the standing pressures ;7 .  Hiling
as to be almost negligible. The 1 _-y’lf-—"/'/ .-.-_gmpw, ‘
variation of side pressures in e ']
emptying hoppered grain bins ’ 5 10 15
with side discharge, indicate P"‘”‘;_':Ginlr;wh” Water

that some consideration should
be given to this point in designing similar ore bins. With respect to the
pressure on the front bent, which element of the design has so far been
considered, it is evident from an inspection of the diagram that thereis a
relief of a part of the pressure in emptying the bin. The increase of pressure
on the rear, as will be seen when this portion of the bin design is considered,
is amply taken care of by the excess of strength of the rear posts of the
bents, which, for symmetry, are made of the same dimensions as the front.
In the tests with grain the flow was continuous and the discharge relatively
faster than would be the case with a mill bin where not infrequently 24 hours
will be necessary to draw it. Some of the front standing pressure is lost
in giving motion to the grain and reaction of the dynamic pressure causes
increased pressure on the rear. In the case of a hoppered bin the greatest
pressure due to emptying the bin will fall upon the hoppered bottom and it
must be the experience of many who have been about ore bins that when there
is a sudden rush of ore to the gates after the ore has been “hung up,” the
heaviest vibration and feeling of shock seems to come entirely from the

' Trans. Can. Soc. C. E., Vol. XVIIL
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bottom of the bin. In wooden-hoppered ore bins the change of pressure
affecting the design of the sides due to emptying can be neglected.

In investigating the strength of the rear posts of the bents the thrusts to
be resisted are those due to the weight of the ore from the top of the bin to
the point where the hoppered bottom intersects the side of the bin and the
thrust due to the hopper. Since the vertical height of the ore in the first
case is 6 ft. we have for the unit pressure at right angles to the side of the

bin at a depth of 6 ft., 200 Ib. In this case, instead of using 45 deg. in the
formula 6 X 115 I—_i_;n—j: the value recommended by Trautwine is adopted,
36 deg. 41 min. For a spacing of bents, 4 ft. apart the total pressure on a
bent is one-half of 200 X 6 X 4 or 24001b. Before considering the deflection
caused by this load it will be better to estimate the effect of the thrust of the
hopper and combine this effect with the first, and if the deflection indicated
by this procedure is less than that of the front post, we need proceed nc
further as for symmetry the front and rear posts are made of the same size.

Bin Floors.—To determine the pressure on the inclined timber of the
hopper we may proceed as follows: First find the vertical and horizontal
pressures at the bottom of the hopper and the top. From the general equa-
tion of the ellipse with center at the origin, we can then determine the re-
sultant pressure at the points under consideration. In each of these cases
the semi-major axis of the ellipse is equal to the vertical pressure and the
semi-minor axis is equal to the horizontal pressure. To find the resultant
pressure at each point, substitute in the elliptical equation a value for x
equal to the vertical pressure times sin (go° — a)!, where a is the angle
made by the inclined bottom with the horizontal. This will give y. The

resultant pressure is equal to Va2 y%.  Solving for the two cases we
find that the resultant pressure over a square foot of area at the upper end of
the inclined bottom is 507 Ib., the vertical pressure at this point being 690
Ib., and the horizontal pressure 200 lb., and at the lower part of the inclined
bottom the resultant pressure is 1634 lb., the vertical and horizontal
pressures being respectively 2300 lb., and 667 lb. In the case of a
.beam uniformly loaded and supported at the ends, but not fixed, b4® = to
3

;TWE% In»this case / is not the length in inches in the inclined member, but
the horizontal span in inches between supports. Solving this equation bA*
is equal to 33,172 and a 12 X 14 timber is called for. Since the bottom
timber is thoroughly braced a 12 X 12 timber is amply strong.

Design of Rear Posts.—Returning now to the consideration of the rear
post, we have seen that the horizontal effect due to the weight of the ore
is approximately equal to the effect of a uniformly distributed load of 2400
1b., or approximately equal to a single center load of five-eighths the uniform
load, or 1500 Ib. It remains now to consider the compressive stresses and

!In the case under consideration, sin (9o° — z) equals sin 45°.
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bending produced in the rear post by the thrust of the inclined bottom.
The total load on the bottom we have already found to be 14,939 lb. per
bent. For all practical purposes this may be assumed as acting verti-
cally since it is actually very nearly so, either at the top or bottom, and the
angle of application of stress at the top of the inclined bottom measured
from the vertical, is a little over 16 deg. The supports at each end of the
inclined member must under the various assumptions bear one-half of the
total loading or 7470 lb. Resolving this into two components, one acting
along the inclined member and the other at right angles to it, and there is
obtained 5281 lb. each. The effect of this thrust on the inclined member
which has already been considered is so small that its effect in causing de-
flection may be disregarded. The deflection it will cause may be determined
approximately as follows, the reasoning being faulty in that it is assumed
that because in beam theory the deflection produced by a load is proportional
to the deflection produced by the breaking load, there exists a likewise pro-
portionality between the breaking load of any column and any other smaller

¢ ]
load. Under this assumption, however, v = ;;%; whereas before b equals

width of timber, A the depth and / the length in inches and f the breaking
strength per square inch of the post which may be taken at 3000 lb.; and
P, the load which has already been determined, viz., 5281 Ib. Solving for v,
we find that the deflection due to the end thrust of 5281 1b. is but 0.039 in.
which as has already been stated, can be neglected.

Acting on the rear post, we have the uniform loading for a depth of 6 feet
assumed to act at the center of this length, and amounting to 1500 Ib. The
thrust of the inclined timber is 5281 lb. at point of application, inclined at 45
deg. to the post. On resolving this into two components, one acting vertically
in the long axis of this member and the other at right angles to it, we obtain
for each, respectively, 3733 Ib. The formula for the deflection of a beam
loaded as this one is with a distributed load at the upper portion and a
concentrated load is rather complicated. The deflection for the loads shown
exceeds 1/300 of the span fora 12 X 12 timber, but with the proper rod-
ding and bracing of the inclined timbers a 12 X 12 timber or a timber of
the same size as the front one of the bent will be sufficiently strong for
ordinary designs. Formula for deflection of beams, where a load is uni-
formly distributed over a portion of the beam and others are concentrated
at various points of a beam, will be found in treatises on the Strength of
Materials. Western engineers resort to the rules and tables for strength
of beams given in Kidder’s Architects’ and Builders’ Pocket Book. Kidder
gives the modulus of elasticity of Oregon pine at 1,425,000. But as tests
by Lanza' show that the deflection of a beam under long subtained load
will average about twice the deflection under quick loading I use the value
for the modulus given on page 67.

1 Applied Mechanics, New York, John Wiley & Sons.
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Stresses in Bins, Due to Live Loads.—The loads due to the timbers have
not been considered in the preceding calculations nor has the question of thelive
load been entered into. With respect to the former, the engineer has to
make a shrewd guess as to the probable size of the members as indicated by
the computations and add such weights to the other loads, where this addi-
tion is needed. In the design of a wooden ore bin the stresses due to the
weights of timbers are but a small percentage of those due to the ore to be
supported and can, in most computations, be neglected; the only weight of
timber which will be of much moment is the flooring of the bottom of the bin.

The live load may, however, be a matter of great moment. If the bin
be filled by small 16-cu. ft. cars drawn by a horse, or an electric motor, the
stresses they set up in the columns of the bin are not of much moment, though
as a precaution they should be calculated. Where, however, the bin is
filled by a load of ballast cars drawn by a locomotive, the live load becomes
a matter of great importance and we may proceed to determine its effect in
the manner already indicated, that is, from the point of view of the detlec-
tions produced in the vertical members by end loading. Where the bin is
filled by so-ton ballast cars the load over a single bent may reach 13,200 Ib.,
or 6700 1Ib. per post. The locomotive hauling these cars will produce about
the same strains as the cars, though they are not of the heaviest class. The
method of attacking this problem would be to find the uniformly dis-
tributed load which would produce the same deflection as the end loading
of 6700 lb., add this to the load produced by the ore and determine the
size of timber which, under this combined loading, would not produce a
deflection greater than 1/300 of the span. For heavy live loads such as the
so-ton ballast cars and locomotive mentioned, it will be best to materially
increase the depth of the section, even though the computations show that
only a comparatively small deflection is produced by end loading. We
have determined that the posts should be of 12 X 12 section, and for a train
of so-ton cars they should be increased to 12 X 14, the next larger
size of standard dimensioned lumber. The deflection produced in the
cap timber of the bin by the live load can be considered an ordinary case of
concentrated center loading and the necessary section determined from the
deflection formula in this case, the beam being considered supported at the
ends but not fixed.

The matter of designing a wooden bin has been gone into at some length,
for the reason that this type of bin is almost invariably erected by “rule of
thumb” and in a number of bins, which have come under my experience,
_ there has been incipient failure which had to be remedied by extra bracing,
use of additional tie rods, etc.

Steel Bins.—Steel bins are of two general types: Hoppered bins follow-
ing closely the outlines of the types of wooden bin which have already been
considered, and cylindrical bins. Of late years there has been a tendency
to adopt a combination of cylindrical and hoppered types, attaining the
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capacity of the former, while at the same time retaining some of the
simplicity of design of the cylindrical type. In the combination type the
plates are curved between the bents and the ends are circular. The design °
of hoppered bins may be considered in the same way as for wooden hoppered
bins, or it may be considered as a problem in framed structures, the various
members being considered as in tension or compression, depending upon the
direction of stress in them as determined by the direction and loading con-
sidered as concentrated at the joints. Graphic methods are best for this
work. In addition to these stresses there must further be considered the
effect of the transverse loading in a manner already touched upon. _

Cylindrical bins differin the manner in which they are hoppered. Insome
cases the bins are outwardly but plain cylinders into which is built a plane
inclined bottom, the ore being drawn out not at the bottom, but in the face
of the bin at the bottom, regardless of the variation due to standing pressures
when emptying. This is not as preferable a mode of hoppering as where the
bottom of the bin is a cone.

The design of steel bins of any type should not be attempted by anyone
not experienced in designing framed structures. It will be found best to
entrust this task to the engineers of manufacturing plants who make a
specialty of erecting steel structures. Of the various types of steel bins which
have been mentioned, the cylindrical bins are the best as the theory of design
upon which they are based is far simpler than with the case of hoppered bins
with straight-line sections. It will already have been noticed that in treat-
ing the theory of wooden hoppered bins, continual approximations had to be
resorted to in avoiding long and involved mathematical expressions and as
in adopting such approximations values had to be chosen which erred on the
safe side and a greater amount of structural material was indicated than was
absolutely necessary. The same stricture would apply to the theory of
design of straight-line hoppered steel bins and though it would seem that
less structural material would be required of such a bin than a cylindrical
one, such is not the case, not only for the reason already indicated but for
the further reason that in the cylindrical bin the material can be better dis-
tributed to resist the stresses.!

One disadvantage. which arises with cylindrical bins is the difficulty of
drawing material from them when the gates are placed in the bottom. This
is especially marked where the bin has a rounded or not sufficiently inclined
bottom, making the angle of repose greater than it would be if the orc rested on
a surface sufficiently inclined to allow it to slide freely. The mode in which
ore settles toward the gates of a bin is indicated in the accompanying dia-
grams. In Fig. 14 the hoppers formed by the ore are indicated by solid
lines showing the surface of rupture in two cases. On the left-hand figure

! For further information on steel bin design, reference should be made to “Wall

Bins, and Elevators,” by Milo S. Ketchum, published by McGraw Hill Book Company,
Inc.
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two adjoining gate openings are shown for a rectangular bin with regulasly
spaced openings, In the case of bins with openings in the side, at the
bottom, the cones of discharge bounded by lines making the angle of the
surface of rupture is reduced one-half its volume by the cone being split
in half by the front wall of the bin. Where the gates are close together
the cones intersect one another, leaving only a wedge of non-moving ore
between gates. If the gates are very close together the ore moving toward
‘the gates presents, to all intents and purposes, 2 long wedge of ore the
front surface of which is bounded by the straight front of the bin and
the straight sides and by a continuous plane in the rear which has an
angle with the vertical equal to the angle of rupture. As the cones produced
by the curved surfaces of rupture sink toward the gates, the ore along the
base takes the angle of repose, as is shown in Fig. 14, or it slides down to a
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curved surface having an angle with the horizontal equal to the angle of
repose. This action of quite subsidence in a hoppered bin is frequently
interrupted by slides which have their origin along the hoppered bottom and
which disturb the quiet settlement of the cones of rupture. In a general way
it may be stated that the greater the angle of repose of material, the more apt
the settling cones of rupture are apt to be disturbed by slides originating on
the hoppered bottom. In the case of hoppered bins with opening at the
side, there is great freedom of movement in a dawnward direction on the front
or gate side of the bin; there is also the pressure toward the gate produced
by the inclined bottom. In a circular bin, with conical bottom, there is
great freedom of movement down the bin and through the conical bottom,
but at the opening, owing to the large pieces of ore opposing one another at
many opposite points, there is a tendency to jam or arch, unless the opening
is made very large, and this should be three times the largest diameter of the
largest piece for practical operations. If the cylindrical bin is made with a
rounded bottom very serious stoppages are apt to occur, for, to all intents
and purposes, the bin is a flat bottomed one and the only possible channel of
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movement is within the sharp pointed cone of ruptureas the angle of repose,
rock on rock, is high. Some drawings of steel bins are shown in Figs. 13
and 16. The devices for filling the bins and drawing the ore will be re-
ferred to later.
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18 18 18-3/4 39 30 16 10-1/2 | 11-1/2 20
18 24 18-3/4 39 40 22 10-1/2 | 11-1/2 20
18 30 18-3/4 39 50 28 10-1/2 | 11-1/2 20
24 24 24-3/4 45 40 22 12-1/2 | 13-1/2 26
24 30 24-3/4 45 50 28 12-1/2 | 13/1-2 26
24 36 | 24-3/4| 45 60 34 12-1/2 | 13-1/2 | 26
30 30 30-3/4 51 50 28 16-1/2 | 17-1/2 32
30 36 30-3/4 S1 60 34 16-1/2 | 17-1/2 | 32
LisT oF MATERIAL
1 15" Hand wheel, cast iron. ' 1 Plate steel slide.
1 Ratchet wheel, cast iron. 1 Shaft.
1 Pawl, cast iron. 3 Keys.
1 Pinion, cast iron. 1 5/8 X 1-3/4"' cap screw
1 Rack, cast iron. 8 1/2" X 4" lag screw.
2 Guides, cast iron. | 1 1-7/16" collar.

Fic. 17.

Bin Accessories.—The mine, or receiving bin ot a mill, is filled by small
cars pushed by hand, trolley or steam train. To protect the cap timbers,
or I-beams, from wear, they should be armored with chilled castings pointed

1The F. M. Davis Iron Works Co.
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at top and pierced with holes through which to pass lag screws or bolts sunk
into or passing through the cap timbers or I-beams laterally. The bottom
of the bin should be lined with sheet iron which should be inspected periodi-
cally to see that it has not become loose, as a derelict liner at a gate makesa
most troublesome and exasperating obstruction. Where rails are laid across
the top of the bin, two or more longitudinal stringers must be run to support
the ties. For coping with zero weather and wet ore a steam line should be
run to the top of the bin and connections made to it for hose lines forintro-
ducing steam at the bottom of the cars to thaw the ore or keep it from freezing
while standing over the bin. A light shed over the top is an advantage in
cold climates in protecting the bin and contents from rain, snow and frost.

Bin Gates.—To aid in drawing the ore from the bottom of bins, they are
equipped with various devices called gates. The proper type of gate to
employ will vary with the style of bin. For hoppered bins with straight-line
sections, the opening being at the front of the bin, rack and pinion gates are
widely used. Standard dimensions for these gates are shown in Fig. 17.
When not actuated by power appliances, these gates will often jam so that
it is impossible to open them without injury. In power actuated gates,
the rack and pinion areomitted, the gate being merely secured byslides and at
the top to the piston of an air driven plunger. In addition to the disadvan-
tage of jamming, the constant impact of ore on the plate forming the closing
surface, inevitably bends it to an extent making it difficult to keep it in the
slides at either side. If the gate should come loose with the bin full of ore,
nothing can be done toward putting it back in place until the bin is empty,
or very nearly empty. The principal advantages of the rack and pinion
gate are cheapness, definite rate of flow, depending on the height raised ; and
since it is secured directly to the bin it occasions no loss of forward or head
room, as do other types of gate which have to be secured to a spout. The
rack and pinion gate finds greatest application where the ore is allowed to
flow continuously from the bin openings. Placed directly on the bin it
receives the full pressure of the ore.

The first or receiving bin gates will require attendants, for the reason that
if the gates be made with sufficiently large openings to secure continuous flow
of run-of-mine ore, the discharge would be too great (discharge from a circular
opening varies as the cube of the diameter for equal heads of ore) and with
smaller openings the flow of ore is constantly arrested by jams at the gates,
which have to be loosened by a bar in the hands of an attendant. Where the
ore from the receiving bin is taken away by a belt conveyor an attendant is
necessary to secure even feeding. Where rack and pinion gates are em-
ployed above a conveyor belt the gate is raised more or less, depending upon
the rate of feed desired, and only opened wide when a jam occurs, and to
prevent it from rushing out at too great a rate the attendant holds it back
with a shovel, bar or rake, or with a chute board, which is merely a board
resting against two cleats fastened to theside of the chute,and as there is very
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little or no pressure of the orein the chute, below the gate, little or no difficulty
arises in controlling the flow of ore.

For intermittent flow, as in filling cars, the undercut gates are best.
Circular gates of this type are illustrated in Figs. 18 and 19. The principle of

F1G. 20.

the gate of Fig. 20is shown in Fig. 21. To open this gateahand wheel or lever
is turned clockwise while facing it. In the wide open position the steel surface
abcd forms a portion of the bottom of the chute which is cut out so as to allow
it to be depressed. When the gate is closed the gate is in the position shown
in the diagram, afde being a curved surface against which the orein the chute
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presses and of radius cd or ab, the center of the arc being the axis of the hand
wheel rod. For openings in the bottom of a bin such as are to be found in
circular steel bins, or double hoppered wooden or steel bins, gates of the type

shown in Fig. 22 can be used where the
bin is drawn by filling cars. If a con-
veyor belt is run under the bottom of the
bin, it will be necessary to have a spout
pointing toward the conveyor in the
direction of its motion. At the Utah
Copper Company’s plant (formerly the
Boston Consolidated Copper Mining
Company), the drawing device consists
of a short length of conveyor made of
hinged steel flights and is placed under
the hoppers of the bin bottom. By a
gate in the hopper, a more or less
heavy stream is caused to flow onto the

conveyor from the end of which it drops into cars, see Fig. 15. This type
of drawing device:is becoming popular for continuous feeding, for all sizes

of dry ore.!
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Conveyers.—Conveyers can, for convenience, be divided into two classes
(1) Belt conveyers, the belt being most commonly a rubber belt; (2) all forms
of push or drag conveyers, this class being relatively unimportant.

1 Figs. 18, 19 and 22, S.-A. Mfg. Co.; Fig. 20, Stearns Roger Mfg. Co.

Rubber
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belt conveyersare flat or troughed. Flat conveyer belts often have a shallow
lip of rubber at either edge, or a series of flights secured to either edge as
shown in Fig. 23, the object in either case being to prevent material from
spilling over the sides. The troughed belt is more commonly used, it being
supposed that thé disadvantages of this type are more than offset by its
greater capacity and prevention of spillage in loading and conveying. With
respect to the first point, theory does not bear out the assumptions fully
unless taken in connection with the second having to do with spillage. The
angle at which the troughing idlers are placed is commonly 20 deg. or 30 deg.
and for special problems, 45-deg. troughing idlers are employed. If it is
assumed that the troughing idlers and bottom idlers cause the belt to assume

“Coftton Belting,
Usuvally 8-Fly.

F1c. 23.

a circular curve and that the diameter of the circle of which the belt forms an
arc is equal to five times the depth of the segment formed by the belt, there
can be derived the following expression for the cross section of the maximum
load which the belt will carry or when it is filled up to the two planes of
repose which intersect one another at a point above the center of the belt and
terminate at the two edges of the belt. The expression for cross section area
of a trough is 0.14/2 4+ o.11/?tan ¢, where / is the width of the belt as it
would be if flattened and ¢ the angle of repose. Now for a flat belt of width}
the expression for cross section is 0.25 /*tan ¢. These expressions become
equal to one another when tan ¢ equals 1, or when the angle of repose is
45 deg. It must be evident that when the angle of repose is greater than
45 deg. the flat belt has greater theoretical capacity than the troughed, and
below this angle the troughed belt has the greater capacity. When the angle
of reposeis zero the flat belt has no theoretical capacity while the troughed one
still has a capacity of which o.14/?is the measure. With coarse material the
choice between a troughed belt and a flat belt should rather lean to the former
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not only for the reason stated, but for the additional reason that this kind of
material is not so fluid as finer and hence would not be so likely to run over the
edge of the belt in loading. In ordinary cases of conveying the flat belt
will require greater width for the same capacity, but no rule can be laid down
for the excess widthrequired. Where the ore is very fine, ornot fed in the most
advantageous way or at a uniform rate, a flat belt 25 to 30 per cent. in excess
of width of the troughed belt may be necessary to perform the same serviceas
the latter, but with coarse material fed to the belt properly the flat belt need
be little or at all wider than a troughed one. The most advantageous method
of feeding conveyer belts is to slide the ore upon the belt in its center and
with flat beltsin as narrow a streamas possible andin the direction of motion,
having it reach the belt at, or as nearly -at, the same rate of speed as traveled by
the belt. This prevents undue wear and reduces to a minimum the spreading
of the ore at the points where it is fed on the belt. The minimum slope at
which it is possible to elevate ore or other material on a belt conveyer is
usually given at 23 deg. At this limiting angle the ore must be fed con-
tinuously, be not too dry or excessively fine. If the ore is wet and coarse,
andis fed ina heavy stream, it can be made to go up a steeper slope than 23 deg.
Finely ground ore containing much sand and powder will roll back to an
appreciable extent on a slopeof 23 deg., especially if the motion is not steady
but vibratory or swinging. Under these conditions the limiting angle of
slope is 16 deg. and for this kind of material with steady travel about 18 deg.
Flat belts cannot be carried up so steep a slope as troughed belts.

In any conveyer belt installation the following points should be observed.
The head and tail pulleys should be at least of a diameter equal to the width
of the belt and project beyond the edge of the belt an inch on either side.
There should always be take-up bearings at the lower end of the conveyer the
range of which is 1 ft. per 100 ft. of belt. For coarse orc and heavy loads,
the top idlers should be spaced not less than 2—3/4 ft. apart, but for light
loads this space may be increased up to 5 ft. apart as a maximum. The
bottom or return idlers may be spaced from 7 to 12 ft. apart, depending on the
weight of the belt. Supports for idlers should be carried on stringers sup-
ported by posts spaced at a distance equal to the spacing of the return idlers,
the idlers resting directly on cross pieces placed across the stringers. The
cross pieces at the posts are secured to them and support the return idlersas
well as the top idlers. The posts are so placed as to bring the lower idlers
between the posts, the spacing of the latter being equal to the spacing of the
lower idlers. The framing should be as light as is consistent with proper
strength, and thus afford unobstructed view of the idlers. If the framing
consists of too many members it will be difficult to get at the idlers for repairs
and should they stop, owing to neglect of lubrication or choking of the
bearings with dirt, the pulleys will be ruined by being worn flat. None of
the take-up bearings which are shown in the catalogues are satisfactory for

long heavy belts, for two reasons: (1) That with the usual type requiring a
6
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monkey wrench for turning the screw bolt, a sufficiently great leverage cannot
safely be obtained which will tighten a loose belt, and (2) that the take-ups
being individual it is difficult to take up slack evenly on both sides,and where
there is an eccentric loading on one of the screw bolts a great exertion of power
is required to turn it. The screw bolts should either screw through or be
secured to two worm wheels turned by a worm shaft on which are cut two
worms for the two worm wheels at either side. The worm shaft should be
turned by a bar and ratchet device placed on one side. The take-up mechan-
ism should be secure to a U-frame between the arms of which would be the
take-up pulley.

For flat belts cylindrical idlers are all that are required which in inferior
constructions are made of wood with steel pins to serve as journals, or of pipe
filled in at the ends with wood or metal, the journal pins being secured by
driving them into holes made to receive them. For better work wide faced
pulleys are used, or a number of small pulleys mounted on a single shaft.

T

DIMENSIONS

. Weight
gl A |B|c| D | H J K |s|T e

in. 4 m. . mn. n. m. mn. ) m. mn. in. in. Ca.rrier l}:ﬁ!::n
12 | 24 25 |2t |7-3/4 | 5/8 | 11-1/2| 5-3/4| 6-1/8| 4 | 4 | 46 | 36
14 | 24 27 |23 |7-3/4 | 5/8 | 11-1/2| 5-3/4/ 6-1/8) 4 | 4 | 47 | 37
16 | 27-1/2| 29 |25 |7-3/4 | 5/8 | 12-1/4|5-3/4/6-1/8 4 | 4 52 | 44
18 25-1/2| 31 |27 (7-3/4 | 5/8 | 12-1/4( 5-3/4| 6-1/8] 4 4 53 45

Fi1G. 24.

Grease introduced by simple pressure cups makes the best lubricant for con-
veyer idlers. For troughed belts the stands for supporting the idlers are of
many forms as can be seen by consulting the catalogues of manufacturers of
conveying machinery. For narrow belts two idlers rotating on inclined
shafts fixed to a cast-iron central post and with grease cups fixed in the
end of the shafts, makes a good and simple choice. (See Fig. 24.) Where
the belt is of sufficient width to warrant center-top idlers these should be ar-
ranged in front of the inclined idlers and with their tops forming a plane
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higher than the plane formed by the inner lower edges of the inclined pulleys.
Where this is not done there is a tendency for the belt to chafe on the edges
of the inclined pulleys.

In a troughed belt the impact and rubbing of the ore wears the face of the
belt as well as in the region where it is bent by the troughing idlers. To
obviate this it has been proposed to have a fewer number of plies at this
point, there being a greater percentage of rubber here than in the center or at

—

DIMENSIONS

Width of A C E |Fbolts,| G I H ' J K | Weight,

belt, in. in. in. in. in, in, in. in. in. 1b.
12 27-3/4| 21 1 1/2 5/8 | 19-1/4" 14-3/4] 7-3/4 | 100
14 29-3/4) 23 1 1/2 5/8 | 19-1/4 14-3/4| 7-3/4 | 108
16 31 25 1 1/2 5/8 | 19-1/4 14-3/4| 7-3/4 | 110
18 32 27 1 1/2 5/8 | 19-1/4; 14-3/4; 7-3/4 112
20 33 29 1 1/2 5/8 | 19-1/4 14-3/4 7 3/4 | 114
22 35 3t 1 1/2 5/8 | 19-1/4 14-3/4 7-3/4 125
24 37 33 1 1/2 s/8 | 19-1/4 14-3/4 7-3/4 1 127
26 39 35 1 1/2 5/8 | 19-1/4 14-3/4' 7-3/4 | 129
28 41 37 1 1/2 5/8 | 19-1/4 14-3/4 7-3/4 1 138
30 43 39 1 1/2 5/8 | 19-1/4, 14-3/4 7—3/4| 140
32 45 41 1 1/2 5/8 | 19-1/4) 14-3/4, 7-3/4 l 142
34 47 43 1 1/2 5/8 | 19-1/4| 14-3/4 7-3/4 | 150
36 49 45 T 1o 5/8 | 19-1/4 14—3/4~ 73/4 | 152

F1c. 25.

the sides. This can scarcely be considered an advantage for while the
cotton plies hold the rubber and reduce its elasticity, it is the bending caused
by swelling out between idlers and bowing in as the belt passes over them
which causes the rubber to crack very much in the way that one can break
a rubber eraser by bending it back and forth, and this effect increases with use
since rubber loses its elasticity with age and flexure.

When it is necessary to remove a section of a conveyer belt, belt clamps
should be applied and the belt drawn up with chain blocks mounted one on
either side of the belt and secured to the clamps by steel eyes.  After the slack
is cut out a covering piece of new belt can be cut and punched for elevator
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bolts. The covering piece is then laid on the two ends of the belt and the
holes marked through with a little red lead mixed with oil, and punched. The
parts are then bolted together and the clamps removed. The covering piece
must, of course, be on top, not below the belt.

Prices of standard conveyer belt and the weights of it per 100 ft., with
different thicknesses of rubber wearing surface, are shown in the accompany-

ing table. For coarsely broken or crushed ore the heaviest surface should be
Price List or RuBBER ConNvEYOR BELTS!
1/16-in. extra | 1/8-in. extra | 3/16-in. extra | 1/4-in. extra
Width, inch rubber cover | rubber cover | rubber cover | rubber cover
Price Wgt. 100 ft., | Wgt. 100 ft., | Wgt. 100 ft., | Wgt. 100 ft,
per ft. 1b. 1b. 1b. 1b.
10 $1.00 146 188
12 1.20 175 225
3ply..... 14 1.40 204 263
16 1.65 233 300
18 . 1.87 263 338
12 1.43 225 275 32§ 375
14 1.69 262 321 379 438
16 1.96 300 367 433 500
18 2.22 336 413 488 563
4ply..... 20 2.49 375 458 542 625
22 2.77 413 504 596 688
24 3.08 450 550 650 750
26 3-39 487 596 704 813
28 3.70 525 642 758 875
30 4.00 563 688 813 938
16 2.44 367 433 500 567
18 2.77 413 488 563 638
20 3.10 458 542 625 708
22 3.47 504 596 688 779
24 3.85 550 650 750 850
sply..... { 26 4.23 596 704 813 921
28 4.62 642 758 875 992
30 5.00 688 813 938 1063
32 5-39 733 867 1000 13s
34 5.78 779 921 1063 1204
| 36 6.16 825 975 1125 1275
(| 20 | 3.73 542 625 708 792
22 4.16 596 688 779 871
24 4.62 650 750 850 950
26 5.08 704 813 921 1029
6ply..... { 28 5.54 758 875 992 1108
30 6.00 813 938 1063 1188
32 6.47 867 1000 1133 1267
34 6.93 921 1063 1204 1346
30 7-39 975 1125 1275 1425

' The prices given are list for no extra cover. To obtain approximate net prices
deduct so per cent. and add 2 cents per inch of width for each 1/16 in. thickness of cover.
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used. For ore crushed to sand size the light cover or a belt with no extra
cover will give a length of service equal to the rest of the belt. The capac-
ities of troughed belts and power to drive them are shown in Figs. 27 and 28.'

For dry coarse rock and flat belts, a cotton belt will answer as well as a
rubber one. All things considered it will be much cheaper than the latter,
this being offset by its greater tendency to stretch and a lesser resistance to
wear. In the Coeur d’Alene region this kind of belt is used at a number of
mines with the steel flights already illustrated and makes a very service-
able and satisfactory combination. The speed of this kind of conveyor can-
not exceed 200 ft. per minute. '

= B .
| |
u ] ]
DIMENSIONS

- P size .
Width of belt, B c E G H K | Weight,
' ix: ¢ in, in in. of il;flt' in. in in. eﬁ)g
12 25 21 1 1/2 5/8 6-1/4 5 36
14 27 23 1 1/2 5/8 | 6-1/4 5 37
16 29 25 1 1/2 5/8 6-1/4 5 44
18 31 27 1 1/2 5/8 | 6-1/4 5 45
20 33 29 1 1/2 5/8 | 6-1/4 5 46
22 35 31 1 1/2 5/8 | 6-1/4 5 47
.24 37 33 1 1/2 5/8 | 6-1/4 5 54
26 39 35 1 1/2 5/8 | 6-1/4 5 55
28 41 37 1 1/2 5/8 | 6-1/4 5 56
30 43 39 1 1/2 5/8 | 6-1/4 5 57
32 45 41 1 1/2 5/8 | 6-1/4 5 58
34 47 43 1 1/2 5/8 | 6-1/4 5 67
36 49 45 1 1/2 5/8 | 6-1/4 5 68

F1c. 26.

In addition to belt conveyers, other forms of conveyers are occasionally
used in mill work and mention may as well be made of them here for they
are not of sufficient importance to warrant description at length. For very
heavy pieces of rock or ore striking the conveyer with much shock a.steel
roller chain apron conveyer may well replace a conveyer belt of cotton or
rubber but not for transporting this kind of material any great distance.
For short distances of less than 5o ft. and for transportation of material
from one mammoth crushing machine to another, this kind of conveyer belt

- will give better service than one equipped with a rubber belt. They must
be run at a much lower rate of speed than belt conveyers, at a maximum

18-A. Mfg. Co.
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125 ft. per minute, 5o to 100 ft. being the usual rate of travel. This type of
conveyor or the kind where the hinged flat flights of the apron conveyer are
replaced by buckets or pans secured to the roller chain, are useful in con-
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veying hot ores after they have been roasted or heated to dryness. For the
same service flight or push conveyers are often employed. In the first, the
ore is dragged along a fixed spout by the flights secured to roller chains or
wire ropes. In the simplest form the flights are circular discs through the
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center of which pass the conveying rope, the spout having a V-shaped
section. Parenthetically it may be stated that where small streams of fine
ore must be moved from one point to a near adjacent point some form of
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drag conveyer will be found highly preferable to a belt conveyer, being
cheaper to install and the upkeep being practically nil. Inthepush conveyers
lever arms push the steel flights ahead and force the ore forward; on the back-
ward movement the flight is lifted up and passes over theore. Screw convey-
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ers are seldom used in mill work other than short ones for a few feet of length
for conveying material from one part of a concentrating machine to another.

The use of conveyers for raising material should only be considered when
the problem is to carry material forward as well as upward for in this case
an inclined conveyer may well replace an elevator and a horizontal conveyer,
but where conditions are such that a very nearly vertical lift will transport
ore from a lower to a higher point, substitution of a conveyer for an elevator
is an absurd performance, for in point of first cost, cost of maintenance and
power the comparisons are entirely in favor of the bucket elevator unless
enormous capacity is required.

Distribution of Ore in Receiving Bins.—Conveyers have been described
and taken up as connecting machines between the mine ore, or receiving bin,
and the fine ore bin. If the main mill building be of such capacity that the

Fi1c. 29.

milling is done in a collection of units, each completely equipped with
machinery then a long fine-ore bin occupying the whole width of the main
mill building must be installed to serve the different units. Under these
circumstances it will be best to continue the conveyer up a slope and along
the top of the ore bin, using a belt tripper for distributing the ore. A draw-
ing of a self-propelling tripper which automatically reverses itself at any
desired point is shown in Fig. 29. In the case of a long bin the tripper
would reverse at either end of the bin. If the bin be short it will be best to
terminate the conveyer belt at the boot of an elevator which will discharge
at one point over the top of the bin. The ore by this time being more or
less finely crushed variations in feeding as to sizing test will not be very
marked. The lack of variation in sizing test in the receiving bin is a point
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well worth securing and one which accords well with the principle of separat-
ing the crushing plant from the separating plant. Where a long receiving
bin is filled by cars of the gondola type which would be the common mode
of operations on any scale the arrangement of the ore deposited in the bin
from the cars is shown in the diagram, Fig. 3o. It is not quite true
as indicated in the diagram that the ore forms pointed piles when dropped
from bottom opening cars, the successive piles actually leaving chisel pointed
tops, but for illustration it may be assumed that pointed piles form; they are
very nearly pointed. Regardless, however, of how the ore is distributed
as to size in the cars, there will be a separation of fine and coarse in the
manner indicated by the diagram, in which each more or less conical pile
indicates a carload of ore. The coarse ore tends to run to the edges of piles

Chute 2 Chate 3

Coarse Medium Coarse

at stard at start at start
F16. 30.

and the fine to remain in the center. Now at chute No. 1 at the left, on
starting to draw, the ore will run quite fine whereas at chute No. 2 it will run
coarse. At Chute No. 3 although at the start of operations the coarse ore will
run, it will speedily be mixed with fine and has been marked as medium.
Chute No. 4 has been marked as coarse but will quickly get into the fine zone.
The long-dot lines indicate the planes of rupture and it must be evident that
the character of the ore flowing from the chutes is constantly’ varying in
point of size. Where a number of chutes discharge on to a conveyor belt
leading to the crushing machinery the ore will discharge into the-first crush-
ing machine thoroughly mixed, for it consists of a series of layers of varying
degrees of coarsenessand fineness. Inpassage through the crushing machines
the variation of size is diminished further so that the ore arriving at the
fine ore bin is very uniform in character. If the ore be spread in the fine ore
bin by a tripping device it will be more thoroughly mixed than it was before.
If the-fine ore be fed to the bin at a single point the tendency to separate
into coarse at the edges of the bin and fine in the center will still persist
to a certain extent but not to one which will have any appreciable effect on
the subsequent milling operations. In small or single-unit mills the ore from
the mine is dumped in at the center of a short bin, from the bottom of which
it is fed by a single gate to the largest crusher. In this mode of operating
it is inevitable that there will be a pipe of fine ore in the center of the bin if
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it be filled at one or more periods during the 24 hours, the bin being completely
emptied between such filling periods. Under this condition it must be evi-
dent that after the bin is filled the crushers will run for a considerable period
on fine ore which will be succeeded by coarse ore when the ore in the bin is
well drawn out. If the ore has to be further crushed and to a very fine state
before any separating operations are performed little harm will be done by
variations in the size of the feed but if the limiting size of the crushing is
above 1/4 in. heavy losses will occur at certain periods of the 24 hours on the
coarse separating machines and at opposite periods on the fine separating
machines owing to their being overburdened unless the ore goes to a mill
bin for bedding placed between the separating and unlocking machinery.

Where a long bin must be fed from a central point by a central flow at
right angles to the long axis of the bin, the mode of distributing and bedding
adopted at the Gold Prince mill may be used with advantage. The scheme
is shown in Figs. 31 and 32. Fig. 31 shows a planof the traveling belt con-
veyor 89 ft. 6 in. long, the battery bin and the two elevator heads indicated
in the center of the figure. When the belt which is mounted on a long
movable frame supported on a track is at the extreme position at either end
of the bin it is reversed in the direction of its movement and at the same
time the movement of the carriage or movable frame is reversed. The belt
then begins to feed in the cedter of the bin and as the carriage returns in its
reverse movement the belt distributes the ore along the other half of the bin
until the carriage reaches the extreme position when belt and carriage are
again reversed in movement. No matter what the position of the carriage
and belt is, there is still a portion of the belt under the receiver of the elevator.
Fig. 32 shows the driving mechanism.

Feeders.—From the fine-ore bins the ore must flow continuously and
to secure steady delivery feeders of various kinds are used, the most common
types being plunger and pan feeders, drawings of which are shown respec-
tively in Figs. 34 and 35. These are so simple in arrangement as to need no
explanation. The plunger feeders are more commonly used than other types.
These devices are also much used for dry feeding crushing machines.

At the Bunker Hill mill and other western mills the plunger feeders
are connected by a chain to a Bristol speed recorder which at every stroke
makes a mark on the clock chart. If the feeder is not in operation the pen
of the recorder merely marks an arc of the zero circle. With this recorder
indisputable evidence of the time the feeder is in operation is furnished and
from it also an idea of the rate of feeding can be obtained.

At the Independence mill at Cripple Creek, Philip Argall has installed
a feeding device on the bins which receive ore crushed to 3-in. size. These
are illustrated in Figs. 36 and 37, and are an extension of the idea of the
Challenge feeder. To relieve the pressure on the feeding mechanism the
ore is first received in hoppers from the bottom openings of the cylindrical
bins. Two modes of regulation are provided for. On raising the ring at
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General Elevation A-A.
FiG. 36.
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the bottom of the hopper the stream of ore flowing on to the rotating plate
becomes heavier and the reverse movement diminishes it. The plow which
removes the ore can be set to take off any width of stream desirable.
Grizzlies.—In the crushing plant the chutes nearest the No. 1 crushers
are connected with them sometimes by plain chutes or preferably with
chutes provided with grizzly bars. The chutes at a distance from the
crushers can serve the latter by a conveyor, a car or a combination of car
and pocket at crusher. In all these cases the run-of-mine ore should be
passed over some form of screening device to remove the fines reducing the
burden on the crusher and allowing preliminary sorting operations. The
most common form of grizzly is a series of tapered bars held together with
round cross bars, the desired set between the bars being secured by washers.
Cross sections of the standard bars rolled by the iron works are shown in
Fig. 38. The manufacturer in making up grizzlies merely pierces them
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at proper intervals and ships to the buyer with the necessary rods and wash-
ers. The spacing of the bars will be equal to the set of the crushing machine
below it. Where little or no attention must be given to the grizzlies they
should be set on slopes varying from 34 to 45 deg. For sorting operations
or where the crusher below the bars is fed by hand the ore being more or
less dragged forward by a rake the slope can range from 25 to 35 deg. For
ordinary medium dry ore ranging in size from pieces which will enter the
mouth of a g X 15 Blake crusher to dust size, a slope of 3/4 to 1 or about
37 deg. will be found sufficient to keep the grizzlies clear. When the ore has
been crushed to a size of 1 to 1 1/2 in., a slope of 45 deg. will be necessary
with dry ores. It will seldom be necessary or desirable to have a spacing
less than 1 in. The capacity is practically unlimited and being but the
roughest kinds of sizing devices no anxiety need be felt in installing a small
width of grizzly for a very large tonnage. The capacity of grizzlies may
be roughly stated at 150 tons per ft. of width per diem times diameter of
largest piece in inches or fraction of an inch. The amount of undersize
and spacing is immaterial. The wear on grizzly bars is so slight that it need
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not be given any consideration. Most of the wear will be found at the
points where the binding rods pass through and particularly the central
ones. Fig. 39 shows the appearance of wear at the binding rods. The
object of the binding rods in addition to the mere holding together of the
bars is to prevent them from being forced apart by the wedging impact of
the ore. Usually four sets of rods and washers are provided, a set at top
and bottom and two others making equal spaces between. This will be
the arrangement for grizzlies 6 ft. or longer but for shorter ones three sets
will be ample. For short grizzlies with gentle slope used before crushers
fed by hand and of a length of 3 to 5 ft., two sets e

of binding bars will be sufficient. For grizzlies 5 I —

ft. long or under it will be found preferable to let Dixgctionof|

. . . . Flow of Ore | ! Plan
the ends of the grizzlies rest in tapered depressions ~L

made in a single casting to hold the bars at the top \_ﬁ_)
and with a single binding rod at the bottom. If

the length of the depressions be made from 4 to 6
in. long depending on the length of the grizzly, the bars will be held with
sufficient rigidity against springing by the ore. To hold the bars in place
at the top a covering piece of sheet steel is used. For ordinary service,
grizzly bars need not be greater than 8 ft. long. The width need not
exceed so per cent. that of the belt or chute serving them. Grizzlies are
frequently made of punched plate or cloth.

Ore Sorting.—Ore sorting can be practised with one or two ends in view.
The first is to effect a concentration by hand, the concentrate or shipping
ore being directly removed by hand and routed to some convenient point
for shipping. The second end which can be effected by sorting is to raise
the grade to a more or less degree by removing by hand worthless or nearly
worthless pieces of rock. The first is the more important and the end for
which sorting is most commonly conducted. In the Cripple Creek District
surface sorting is universal, the worthless or very low-grade ore which
results from screening out the rich fines, being picked over by hand for large
pieces of value, the criterion for removal being any appearance indicating
vein material, drusy surfaces of quartz or other minerals, narrow vuggy
cavities and of course any sheen of telluride minerals. The fines and large
rich pieces go to the cyanide mills and smelters and the balance to waste.
The loss in waste is comparatively small and the fines and sortings carry
practically all the gold, and as about one-half of the ore is removed in the
form of fines and rich pieces, the shipping ore is about twice the value as that
hoisted from the shaft. '

The advantage of sorting may be estimated from the following figures
which may be considered to be rough averages in copper and lead mills in
the United States. An average figure for the ratio of concentration is
about 7 and theaverage cost of milling is 60 cents. The average metallurgical
saving may be assumed to be 8o per cent. The operating expenses for

F16. 39.
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producing one ton of concentrate are $4.20. If the ore be worth $7 per
ton, then the loss per ton of ore milled will be $1.40 and per ton of concentrate
$9.80. The total expenditure for milling is $14 per ton of concentrate. -The
cost of sorting per sorter may be put at $3.20 where the wage is $3 per
8-hour shift, the balance of 20 cents being for all other expenses of sort-
ing, consequently in order for the ore sorter to do only equally as well as
the mill he will have to sort out but 0.23 ton of first-class crude ore in a shift.
Two of the factors entering into the capacity of an ore sorter are the size of
the pieces to be sorted and their specific gravity. The coarser the ore the
greater the day’s tonnage made by the sorter, and the greater the specific
gravity the greater will be the tonnage removed. The success of ore sort-
ing will depend on obtaining a payable rate for the removal of the pieces of
a shipping grade. As a rule the sorted ore will be of lower grade than the
concentrate made in the mill. One reason for low-grade ore results may
arise from the difficulty of distinguishing the first class ore from the second.
This difficulty arises most frequently with oxidized ores. For example,
it is often quite difficult to distinguish massive lead carbonate of shipping
grade from worthless iron-stained gangue. Again where the valuable
mineral is rich but disseminated it is difficult to train the ore sorters so
they will know what to reject and what to take. A third difficulty arises
from the close resemblance of certain minerals to one another; copper
sulphides are confused with slightly oxidized pyrites; high-grade silver
minerals cannot be distinguished from lead-zinc and copper minerals, etc.
The usual sorting ranges employed in the United States are pieces
larger than 3 in. and pieces ranging in size from 3 in. to 1 in. From a pick-
ing belt the rate of removal at a maximum may be considered to be for the
lower range of sizes, as two seconds, for a lift and cast, the pieces being al-
ways thrown away from the sorter and not drawn toward him. For pieces
of 3-in. size and over, both hands may be considered as engaged in the
sorting operation. A piece of 1-in. galena ore containing 40 per cent. lead
will weigh 0.18 lb., and a piece of ore of this value 3 in. on an edge will
weigh 4.86 1b. For the range 3 in. to 1 in., the average weight of piece
lifted, may be considered the average of the two, or 2.52 Ib. Every two
seconds, the ore sorter consequently disposes of twice 2.52 lb. of crude
ore, or in a shift of 8 hours, 36.3 tons. This will be the maximum ton-
nage of 40 per cent. lead ore the sorter can dispose of provided as fast as he
wants them he finds two pieces of ore directly under his hands. Referring
to the curve of permissible per cent. of shift the sorter can be active, Fig. 40,
it will be found that the working capacity is 24.2 tons. To gain
an idea of the maximum capacity of the sorter under the same conditions
with pieces of ore larger than 3 in., it may be assumed that the larger piece
of waste in the average run-of-mine ore is about a g-in. cube and the largest
piece of 40 per cent. ore about a 5-in. cube. This will have a weight of
22.50 lb, and the average of this and the weight of 3-in. cubes is 13.68
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Ib. Now by reference to the curve showing the permissible percentage
of 8 hours the sorters can be under muscular strain without undue
fatigue and for individual weights of any substance, it will be found that
for pieces of ore averaging 13.68 lb. 46 per cent. of the shift is indicated
as the maximum proportion of the day the sorter can beactive. About 3.5
seconds will be required on an average for disposing of a single piece of ore
and the hands can be used individually for but 50 per cent. of the time.
The tonnage under these as-
sumptions and conditions be-
comes for 8 hours, 38.8 tons.

For the finer sizes those
under 3 in., a slow moving
flat picking belt will give ad-
mirable service as a sorting
platform. I prefer this style
of sorting device to a revolving
table, first because the ap-
proach of pieces of ore or
waste to be removed can more
readily be detected; the belt
acts as a conveyer and a dis-
position of rejected material is S —]
more readily obtained. It is :_” ‘“mfl mb:';m" m
said by Richards that the cir-
cular revolving tables create
dizziness in the sorters when it is run at a uniform speed. There must
also be (due to the variations in linear velocity from the periphery to the
center) a certain amount of confusion 6r at least a tendency to do more
satisfactory work on the inner side of the ring of ore, than the outer where
the rate of translation of pieces is greater. For conducting sorting along
with other operations performed in the rock house the picking belt will be
found to usually fit in with the design of the other elements better than a
revolving table.

In the matter of capacity per sorter per shift, a figure on 3-in. to 1-in.
pieces, 4o per cent. grade has already been presented to show the tonnage
accumulating in 8 hours, one factor in the computation being the mini-
mum time required to dispose of a single piece. In sorting ore for the
removal of rich pieces the question of obtaining a large tonnage iswithin
certain limits not so important as obtaining a good shipping gradc. Now
each piece of ore lifted from a sorting belt under these conditions requires
a mental process of decision, which time albeit a very brief time, but adding
to the total time required for a single sorting motion. Again it requires a
concentration of mind for after the sorter makes up his mind that a pair of
pieces of ore should be removed from the belt he is unable to survey the belt
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for other rich pieces until he has disposed of those in his hand. This means
that pieces of ore warranting removal pass by the sorter without his having
noticed them. For this reason alone, if for no other, two or more sorters
will often be required in cases where the total tonnage sorted daily is well
within the capacity of the sorter as a mere machine. The time lost in
making decisions will increase with the difficulty of deciding what to take.
A stream of small black and white objects would make a sorting problem
which would be nothing but the physical capacity of the sorter. Pure bright
pieces of galena in a light colored gangue makes a sorting problem of about
this weight, but where a lower average grade than the purest galena would
have to be sorted out such as the 4o-per cent. grade which has been used
in the discussion, the problem becomes greater for the sorter has to make
up his mind what pieces to take below 40 per cent. as well as those above,
and offering little difficulty in choice, the two kinds giving an average grade
of 40 per cent. The factors affecting the sorters capacity are the advance
of the sorting platform, whether a belt or revolving table, and tonnage avail-
able for removal. In the accompanying tabulation various capacities of a
flat conveyer belt 36 in. wide are given at different speeds in feet per minute,
the range of speeds will be found to conform to practice. The size of ore is

Capracity oF FLAT 36-IN. CONVEYER BELTS AT VARIOUS SPEEDS

Max. Capacity 36-| 250.4 | 333.6 | 417.0 500.4 | 582.4 667.2 750.0
in. belt, tons in 8

hours

Belt travel feet per| 13 20 25 30 35 40 45
minute

Distance feet trav- 0.50 0.67 0.83 1.00 1.18 1.30 1.50

eled in 2 seconds
Total capacity| 417.3 | 556.0 695.0 834.0 | 970.7 |1121.0 |1250.0
crushing plant
tons in 8 hours
Tons lead at 4 per| 16.7 22.3 27.8 33-4 38.9 44.5 50.0
cent.

ORE AVAILABLE FOR SORTING AND AVERAGE SPACING OF PIECES
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an average of 1 to 3-in. pieces or a piece about 2.4 in. on one side, and it is
assumed that the grains occupy the belt 1 grain deep and that the broken
ore weighs 115 Ib. per cubic foot. The third line of figures shows the dis-
tance advanced in 2 seconds, and the fourth the tonnages corresponding to
the belt tonnages before the material below 1 in. has been removed assuming
that the 3 to 1-in. ore is 60 per cent. of the total tonnage reaching the crush-
ing plant. Theé fifth line of figures gives the tons of metallic lead in the
original ore containing 4 per cent. lead.

Of these weights of metallic lead it is assumed that the percentages
available for sorting range from 10 to 3 as indicated in the column at the
extreme left, and bottom. The columns facing this one and coming in pairs
under the headings of capacity, belt speed, etc. represent in the first column of
each pair the weight of crude ore of 4o0-per cent. grade corresponding to the per
cent. of metallic lead availableforsorting andin the second column of each pair
the average spacing of pieces of 4o0-per cent. grade ore as an average on the
belt under the different belt speeds, the shipping ore being considered to be
made up of an equal number of pieces assaying below 4o per cent. and an
equal number above. The tonnage of shipping ore is consequently double
what it would be if all the pieces sorted out were exactly 40 per cent. assay.
It is assumed that the pieces of first-class ore come along in a single line
(which they do not in actuality, being more apt to pass in front of the sorter in
bunches); the assumption is the more favorable for greater sorting capacity.
The highest figure given in the table for the percentage of metal available
for sorting, viz., 10 per cent., is one that is very seldom to befound in practice
indeed if so large a proportion of shipping lead reaches the mill there is
decidedly something wrong with the system of mining for it can be sorted
more cheaply in mining operations than at the mill. If from 3 to 5 per
cent. of the lead reaching the mill be available for sorting which is about
the average range where sorting operations are practised in the United
States, it will pay very handsomely. The broken line in the accompanying
table shows the limit of removal with the various belt speeds.

Owing to the difficulty of recognition the capacity of the ore sorter per 8
hours, would not exceed 25 per cent. of his capacity as a mere machine; or
25/4 equals 6.25 tons. If for this range of size of material and which may
be taken to represent average difficulty in recognition of grade we adopt
6.25 tons as a good day’s work while maintaining the grade of shipping ore,
then for any other ore presenting equal difficulty in recognition we may
write for the daily duty of the sorters asgs'ios- X sp. gr., the sp. gr. of the
shipping product is approximately s.

For waste where there is a continuous stream of clean light-colored rock
not requiring recognition, the duty of the sorter for 3-in. to 1-in. pieces as
15 tons per shift 25 X 3/5, 3being the specific gravity of the waste and 5 of
the shipping product, the ratio of waste to ore is 2.4, that is if waste and ore
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are both to be sorted for every ton less than 6.25 of shipping ore, 2.4 tons of
waste may be sorted. The capacity per sorter on waste, on cubes from g
in. on an edge to cubes 3 in. on an edge, is equal to 20.3 tons per shift, ob-
tained as follows: average time to lift and cast, or get rid of a single piece, s
seconds; average piece weighs 33.6 lb. and since with this weight the body
can be in motion, but 21 per cent. of the shift, the solution of the problem
33.6 X 12 X 420 X o.21 ’
2000
- product of the same range of size, the capacity is 9.7 tons, or one-fourth of
38.18 tons, page 101; the ratio of the tonnages is about 2.

In sorting, the following requirements must be observed:

(1) The fines must be removed.

(2) The resulting oversized material must be sprayed with water suffi-
" ciently to remove all adhering slime and dust from the coarse pieces. In
some cases it may be necessary to thoroughly wash the oversize pieces.

(3) The ore must be fed on the sorting platform at a uniform rate and
so nearly one grain deep as is practicable.

(3) The range of sizes sorted should not be too great.

In other countries than the United States, sorting is carried down to
1/2 in. The amount of material which can be removed in a shift
below 1 in. in size is so small and the difficulty of discerning it so great
that with the high cost of labor prevailing in our Western camps it does not
pay, as a rule, to sort below this figure. For smaller sizes it is more eco-
nomical to remove the rich pieces by machinery.

Not only must the fines be removed so as not to cover up the rich large
pieces, but adhering slime and dust must be washed from the rich crude
pieces. In wet mines in the removal of the ore from the stopes to the mill
the large pieces of ore and rock become uniformly coated with slime so as to
be indistinguishable, one from the other. As a rule, after the fines are re-
moved a limited amount of water thrown on the remaining material at
the head of the sorting machine from spray pipes will sufficiently cleanse it
for sorting operations. In some cases the slime is so tenacious that after a
preliminary screening on a grizzly the oversize must be led into revolving
screens and thoroughly washed, the resulting muddy water being settled
and treated in the mill or shipped directly after dewatering if of a sufficiently
high grade. Where the rich mineral is sparsely disseminated through the
rock and the indications by which its presence is recognized are obscure,
thorough washing may be necessary and the ensuing sorting operations must
be conducted with great care. The spray pipes are placed across the grizzly
at the lower end, the latter being fed by a mechanical feeder, conveyer belt,
elevator or any mode ensuring a uniform rate of feed. If the amount of
spray water used be quite small it will usually do no harm to allow it to mix
with the stream of fines below the grizzly. If the water makes the fines too
wet for ensuing operations, then a catch box may be placed below the lower

is as follows: equals 20.3 tons. For the shipping
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portion of the grizzly and the slime which forms in the washing operation
can be led to a dewatering tank.
If the amount of spray water
used be small there is no objec-
tion to oversize material being
sprayed in the chute from an .
oversize bin when fed directly on BN
to a picking belt or table. In f
this mode of operation the ore
flows over grizzlies mounted on
top of a double pocket bin, one
pocket being for oversize and
the other for undersize. From
the bottom of the oversize pocket
the ore is fed directly onto the
belt and sprayed during passage
down the chute. Figs. 41, 42 and C
42a show means for thoroughly
washing the ore prior to sorting.
The fines having been removed,
the oversize passes onto the slat
belt shown in the figures. The
steel slat belt passes through a
steel box provided with spray
pipes. The whole device permits
the ore to be washed on all sides
and there is no wear and tear
incidental to its use as there
would be if the ore were washed
on screens.

Where sorting operations are i
conducted in connection with ;
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coarse crushing and sampling
operations, the sorting machinery
should amost invariably be sub-
ordinated to.unlocking and samp-
ling, that is, no attempt at grad-
ing or crushing and grading W
should be made which is not < N
warranted by the other two oper- S Iﬂ
ations. The usual ranges for o

ore sorting are two in number:

pieces larger than 3. in. up to the maximum size, and from 3 in. to
1 in. These sizes fit naturally into most crushing schemes. If a grizzly
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be placed before the first crusher with 3-in. spacing then the oversize
can be sorted before going into the crusher. Below the crusher the streams
of ore will be united, the fines below 1 in. can be removed by a second
grizzly with 1-in. spacing and the oversize after being sorted going
into crushers or rolls. In mills where there is but one crusher, the ore
being reduced in one operation from mine size to 1 in. or 1-1/2 in,,
suitable for feeding to rolls, sorting can only be practised on a limited
range of size of pieces and consequently less effectively than with these
crushing arrangements.

.5 td Make of Steel Thimble Roller Chain,
Links from §"to 3" thick x I‘- t02"wide.

et
AT

Slars PranN
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Rollers ab '+
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Fi1c. 42a.

Revolving tables range in diameter from 15 to 30 ft. The peripheral
speeds range from 1§ to 5o ft. per minute as they do on the sorting belts.
The simplest form of table consists of an annular ring, the space in the center
being left open to hold pockets to receive the sortings. The width of the
sorting ring may vary from 2 to 3 ft. The annular surface is supported by
four or more arms connected to a vertical shaft driven at the top by gearing,
the whole mechanism being supported by a step bearing below. A table
of this description can be made at the mines or be purchased from manu-
facturers of milling machinery. For a belt type of machine all the elements
of design have already been given. A conveyor belt with lips is manu-
factured and has some slight advantages over a perfectly flat belt.

Cost of Sorting.—The cost of sorting depends largely upon the labor
employed; the other factors of cost, power, supplies, depreciation, etc., can
be figured at about 8 per cent. of the cost of the labor. Sufficient data have
been given from which in any particular case the daily duty per sorter can
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be estimated and with this as a basis and an additional 6 to 10 per cent.
for the other expenses it is possible to forecast, after making the tests indi-
cated on page 19, what results will be attained in any problem in sorting.
The costs in a typical sorting plant in the Cordillerian region are given in

the tabulated statement of results and from sheet Fig. 42b at the Hecla mine
in northern Idaho.

Ore from Mine

8"Grizzly
Ovetgiu Undgrsiu
Tilting Picking Plate 1"Grizaly
Oversi Undekst
1st ClassCrude _MillOre Waste versize M‘;ﬁ
¥ Bin il
Bin Bin - _B_F.
7 Shaking Feeder
Ore Sprayed in Pan
9'x 16'Crusher ;
- " 30 'Sorti;llg Belt Flat
Flat Belt Conveyor 160 Mim. 18 Wide 156 Mim, T )
Stora; i Bin 1st Class Mill Waste
Crude Ore
to Mill -1
) Bin
Y
FiG. 42b.
TILTING PLATES, 3-IN. PIECES AND LARGER, 4 SORTERS 16 HOURS AT $3 PER SHAFT

Waste Crude ore

Tons per Cost per ton Tons Tons pe

Lt ns, T

Tons, 16 hr. sorter Labor cher Total 16 hr. sorter Cost per ton
1tems
25 | 6-1/4 | $0.33 | $0.01 $0.34 | 11 2-3/4 [Same as waste

PickING BELT, 3 IN.-1 IN. PIECES, 4 SORTERS FOR 16 HOUR AT $3 PER SHAFT, 2 OTHERS
AT $3 PER SHAFT

Waste Crude ore
Cost t
Tons, | Tons per‘ Ost per ton Tons, | Tons per Cost per ton
16 hr. | sorter | Labor | O | Total | 16hr. | sorter | Labor | Other | Total
items items
17 l4a1/a]%.55]%.05 |8.60| o |21/a]|8%.97|8.09]| 8106

TorALs AND MISCELLANEOUS

. Total waste | Assay per | Total crude Assay Cost per ton | Total cost per
Tons hoisted, X
16 hr. sorted, tons, cent. ore sorted, per cent. | total material | ton crude ore
16 hr. lead tons, 16 hr. lead removed produced
350 | 42 | 0.4 | 20 | 40 $0.50 $1.60

Sampling.—The theory and practice of ore sampling will be discussed
in the ensuing paragraphs and the Vezin sampler for sampling coarsely
broken dry ore will be described. A satisfactory means for sampling wet
sands and slime will be outlined.
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Hand Sampling.—The whole art of hand sampling is so greatly depend-
ent upon thorough mixing that it seems to me best to begin the theory of
hand sampling by describing the results obtained by mixing. Itis very
difficult to get a clear mental picture of the arrangement of the individual
pieces in a mixed mass of ore consisting of many sizes and grades of pieces.
Some illustrations may make the result attained by thorough mixing clearer.
Let it be imagined that the ore to be mixed lies in two layers on the mixing
floor, one layer consisting of pieces of a dark heavy mineral and the other
of pieces of a light colored light mineral. Suppose further the layers con-
sist of grains of equal size and shape. It must be evident that the mass as
a whole can be considered to be in the
extreme opposite condition to what would
be termed “ thoroughly mixed.” If the two
layers are to be mixed by hand this opera-
tion will commonly be done by turning
over the mass at every point with a shovel.
The laborer doing the mixing removes a
shovelful from the mass and spreads it out
on another portion of the mixing floor in a
layer approximately 1 grain deep. From
the edge of the shovel will fall a stream
which may be considered for practical illus-
tration one in which in any direction there is alternately a piece of the dark
heavy mineral and the lighter one. A little reflection will make it evident
such a result will be attained on successive mixings. The ore is then said
to be thoroughly mixed, having attained a symmetrical arrangement of
the pieces and thorough mixing may be described as an operation which
gives a symmetry of arrangement.

In concrete mixing the most desirable symmetry would be attained by
the arrangement of pieces indicated by the diagram, Fig. 43. By arrang-
ing the spheres so that the voids created between them are successively
filled with spheres of diminishing size the void space would finally become
zero and the amount of cement required would be nearly zero. To produce
a concrete aggregate of this character there would in practice be required a
special grading machine capable of delivering sizes comparable to the size
of spheres shown in the diagram. Commercial grading of this character
has not as yet been attained, but of late years there has been some attempt
to have some range in the sizes of rock employed so as to reduce the per-
centage of void which must be filled with sand and cement. The elimination
of voids can most perfectly be done by putting into any particular void
the largest piece of rock which it will hold, the remaining void being in
turn filled with the largest pieces which will go into them, etc. Suppose
the second largest sphere in the center of the diagram be replaced by a
large number of small spheres, these being arranged in the most economical

F16. 43.
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way as in the case of the three largest spheres shown in the diagram, then the
void which was completely obliterated in the space occupied by the second
size sphere becomes 25.95 per cent. of the volume of this sphere. A practi-
cal difficulty in the way of realizing even approximately the arrangement
and economy shown in the diagram lies in the mixing. Repeated folding or
spreading of the constituents of a concrete in layers would tend to give at
any point in the aggregate a collection of grains in which only a single one
of the different sizes would be present; it would not ensure that they would
take an arrangement similar to the one shown in the diagram. Possibly
if the whole mass were rotated and while thus rotating were subjected to
repeated shakings it would assume an arrangement similar to the one shown
in the diagram. In mixing broken ore with all sizes of pieces from the maxi-
mum fixed by the set of the crushing machine down to zero size there would en-
sue an arrangement, after the mixing had been carried to a sufficient degree,
roughly similar to the one shown in the diagram; but as there would be all
gradations of sizes as well as of shape and assay a section through the mass
theoretically perfectly mixed where there would be a complete pattern or
“repeat” would be of great complexity. In practice perfect mixing from
the theoretical point of view would be impossible. The criterion of mixing
in practical sampling is the eye; when all parts of the mass appear alike the
sample is said to be perfectly mixed. The sectional area of a repeat or
pattern will depend upon the dissemination of the metallic values ranging
from the point where the percentage of metallic values are the same in all
pieces to the point where the whole of the metallic values are concentrated
in a few pieces, when the whole mass of the ore would not yield a repeat
without fine crushing and mixing. The size to which the mass of the ore is
crushed affects the section of the repeat—the more finely the ore is crushed
the smaller will be the area of the section of the repeat, that is, the smaller
the portion of the mass which can be removed at random for a perfect
sample provided there is perfect mixing.

Fractional Selection.—In hand sampling the method of reduction in the
size of the mass of ore commonly preferred is fractional selection with a
shovel, every nth shovel being set aside which after crushing forms a mass
from which again the nth shovel is taken, etc. The error of sampling tends
to become greater as # becomes greater, as will be evident from the follow-
ing considerations. Let a flattened mass of ore be represented by 100
squares of area which just cover it, each square representing the area which
would be taken out in removing a shovelful. Let first 10 of these squares be
black to represent the metallic content in the mass and for simplicity the
weight and assay under the black squares be considered equal to those
under the white squares. The assay of the whole mass is then represented
by 1/10. The black squares are considered to be distributed at random
among the white. If alternate shovelfuls are taken then 5o squares will be
removed. The greatest possible extremes of error are to get all the black
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squares in the 5o shovels, yielding material which will assay 1/5; or to get
none of the black squares, yielding a sample which will assay nothing.
The arithmetical average of the possible combinations is however 1/10—the
actual assay. If every fourth shovel is taken then there are 25 shovels re-
moved; the extremes of error are, therefore, 10 black shovelsin 25, assay 10/25
and at the other extreme assay o, average assay 1/5 or 100 per cent. too high.
With every fifth shovel, 20 shovels removed would give an average assay
in the same way 250 per cent. too high. Removing every tenth shovel
the average assay becomes 1/2 or 500 per cent. too high. If the assay of
the whole mass is changed, by having more black squares, the following
average percentages of variation from the actual assay will be obtained,
plus meaning too high a percentage and minus too low.

Assay of whole mass

By....shovelful 1/5 3/10 2/5 9/10 9/100
Percentage too high or too low

alternate o o o o o

1/4 +100 +66—2/3 -}-66—2/3 —10 —100

1/s +100 +66—-2/3 +66—2/3 —10 —100

1/10 +100 +66—2/3 +66—2/3 —10 —100

Probability does not seem to me to govern in this analysis but rather what
may be termed possibility, for only by repeated samplings would the error
from insufficient crushing and mixing be averaged from taking the mth
shovelful. Sampling is an operation which is done but once on any par-
ticular mass of broken ore. The analysis indicates that with spotty ores,
insufficient mixing and making # greater than 2, the assay returns will tend to
be too high and under the same condition with ores containing a large pro-
portion of metallic contents the assay returns would be too low. It must be
evident on a little reflection that if the black squares were arranged in a
symmetrical fashion among the white, an arrangement analogous to what
would beobtained by thorough mixing of an actual ore sufficiently crushed,
the possibility of error would be much reduced regardless of the value of .

The question as to how far reduction by halves (by alternate shovels),
Cornish quartering after coning, or other methods can be carried before the
reduced sample must be crushed prior to continuing this operation,is one
of prime practical importance in hand sampling operations. It is better to
be guided by practical experience in this matter than theory since there would
have to bea different theory toapply to each individual parcel of ore. Among
the factors required for this theory would be the exact percentage of metal in
the sample parcel and its mode of distribution through the mass, factors which
cannot possibly be determined. If a mass of ore be broken to size s, in
inches, and such a mass be considered as composed of cubes of edge s inches
and the metallic contents be considered as a pure mineral, then

s = ( wx )%
~ \wt. inIb. cu.in. pure mineral
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where w is the safe weight to which the ore may be reduced before again
crushing and reducing and x the per cent. of pure mineral.

This formula is evolved from the following conceptions. The parcel of
ore (it will be noted the weight of this parcel plays no part in the formula) is
crushed toasize sand after thorough mixing it will have symmetrically
arranged through it a number of cubes of pure valuable mineral, the number
depending upon the percentage by weight of the pure mineral in the sample.
Now w is the weight of the sample which contains one of these cubes. To
carry out the conception underlying the formula the parcel of ore would have
to be spread out on the sample floor and marked off into squares each one of
which would be equal to the weight w; then on taking any one of these squares
an accurate sample would be obtained. On the basis of reducing by shovels
the formula affords some information if solved to determine the value of s.
We may assume that the shovelful weighs 15 Ib. in the case of an 8 per cent.
lead ore; then 15 X 0.08 is 1.2 Ib.; this figure divided by o0.28, the weight of a
cubic inch of pure galena gives 4.3, the cube root of which is about 1.s.
That is, the ore parcel would have to at least be reduced to 1.5-in. size before
sampling by shoveling could be begun. The underlying conception of the
formula is, however, faulty when applied to all ores. With many gold ores
the gold is disseminated in quartz, and the conception of cubes of gold 1 in.
on an edge in a mass of ore crushed to 1-in. size, for example, would be an
absurdity. If the gold were disseminated through iron pyrites, then the
per cent. of this mineral would be x and the weight of a cubic inch of it would
be the denominator in the formula.

Where the percent of metallic substance is small there would often not be
sufficient of it to produce a cube of edge s unless s were very small. But, as in
the case with the low-grade lead ore, the formula will furnish some guide for
the degree of crushing required before beginning reduction with a shovel in the
case of a very spotty gold ore. Let it be desired to determine to what
degree a gold ore containing $50 per ton in gold in the form of sylvanite,
specific gravity 8.16, and containing 28.5 per cent. by weight of metallic gold
should be crushed before sampling. The value for s works out very close to
o.25 in. and this would be the limit of size under the formula at which frac-
tional selection with shovels could begin.

The practical rules for hand sampling vary with individual practice, but
the following will be found safe. The lot should not exceed 5o tons. Take
every tenth shovelful if low grade and every fifth shovelful if high grade, the
lot having previously been crushed to 2 in. or less. If the ore is very spotty
it should first be crushed to 1 in. or less and every fifth shovelful taken.
These directions are based upon the lot weighing 50 tons. If there be less
than this, the value of # should be reduced so that taking every nth shovelful
will yield 5 tons with low-grade ores or 1o tons with high-grade ores. The
sample of low or high-grade ore should then be broken to 1 in. or if very spotty
to 1/4in. Reduce further by fifth or tenth shovelfuls, yielding 1/2 ton in the
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case of low-grade ores and 1 ton in the case of high-grade ores.. In the cases
of these two, the sample should be crushed to 1/4 in. when it may be reduced
to 200 or 400 Ib. These samples should then be ground to 20 mesh and can
then be reduced to 40 or 8o lb. which can be ground further in a disc machine
set lightly, following which operation the sample can be reduced to any de-
sired size for preparation of the assay sample. In the case of the very spotty
ores the 1o tons of 1/4-in. material should be ground to 1/8 in. when it may be
reduced to 1 ton. It should then be ground to 20 mesh and reduced to 200
1b., then ground to 80 mesh and reduced to 40 Ib. which should be finely
ground before reducing to size for assay preparation. Samples of less than
10 tons each should be thoroughly mixed following every crushing or grind-
ing operation.

Quartering.—With samples below 5 tons in size Cornish coning and
quartering can be substituted for fractional selection. The chief advantage
of this method is that the reduction is by halves and the portions removed
from the ore parcel are large as compared with a single shovelful removed in
the fractional selection method. But this advantage disappears unless there
is a crushing operation following each coning and quartering. The operation
consumes more time than fractional selection. The proper way of conducting
this mode of reducing the size of a sample is so well known and has so often
been explained that a description of the steps of the operation would be
superfluous. :

In the “Metallurgy of Lead,” by H. O. Hofman, the whole operation is
described step by step and this work may be consulted if further informa-
tion is desired. Coning and quartering has been subjected to much criti-
cism of late years, the principal sources of error cited against it being that
in piling up the ore in a cone and then flattening it, the center of the flattened
cone will not coincide with the center of the cone before flattening, and as
there is a gradation from coarse pieces around the periphery of the cone
to the finest on the center, the quarter where the point of the cone lies after
flattening will contain too much fine material. Another objection urged
against it which is not so material is that it is never possible to divide the
cone into four equal parts but the same objection should be cited against any
other method of splitting a sample, for example in taking alternate shovelfuls
there is apt to be a variation in the amount taken at each shovelful, etc.
The great practical objection against the method, however, is that to do it
perfectly requires much skill and time and in comparing the work of two
skilled operators there is more apt to be a variation than with other hand
methods of reducing the size of a sample.

Machine Sampling.—For large samples no hand method compares with
automatic sampling in point of cost.

It is customary to say that in passing through the various crushing, con-
veying, elevating and screening machines the ore is mixed. The main

beneficial effect secured by sampling machines is to bridge over gaps in the
8
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flow of ore, or, in other words, they tend to discharge streams of uniform
section. This will appear clear when it is considered what is done by machine
sampling, there being in a crushing plant a continuous flow of material for
sampling periods of 8, 16 or 24 hours, each followed by the preparation of a
pulp for assay; or, in the case of a custom sampler the pulps will represent
a period of flow of so many tons comprising the lot. Now the only way these
large amounts of ore could be thoroughly mixed would be to accumulate
them in large piles, and turn the ore over thoroughly by hand or machinery.
This could not be done.in machine sampling on account of the cost, instead,
at regular intervals beginning at the head sampler, the stream of ore is di-
verted for a more or less long period of time into the spout of the sampling
machine. It is not a new, but a very helpful aid to clear thinking, to con-
sider the stream of ore as a ribbon which is being reeled off before the sampling
device, the latter breaking its continuity at regular intervals and taking a
portion out of it which very closely contains the same proportion of metallic
content as the whole stream coming up to the sampler. .

It must be evident from the mode of operation at most mines, some
stopes being richer than others, that while the daily average of ore may be
quite uniform the variation in grade from minute to minute or hour to hour

may be very greé.t. The ribbon of ore will
not then be uniform in grade but can with
truth be thought of as more or less spotted.
’ The only way to avert taking too much of
/(A the very rich portions which come along in
o the ribbon or of the lean portions, is to rake a
cut frequently. This does not mean that a
large proportion of the whole stream fed
must be taken, so much as that the definite
proportion which will give a correct sample
having been decided upon, the sampling de-
vice must be run as rapidly as is consistent
/with good practice taking a small amount of
~_.—"" ore frequently in preference to running this
machine slowly and taking a large cut at in-
frequent intervals. By thus operating the
automatic sampler, the same effect will be attained as by increasing the
number of shovelfuls set aside for the sample in hand sampling by frac-
tional selection.

The cutting device must pass through the stream of ore in such a way as
to take an equal proportion of all parts of it. How not to have the cutter
pass through the stream can best be illustrated by some common errors in this
respect. In Fig. 44 the sampling device is mounted on a pulley or on a belt
passing around a pulley facing the stream of ore falling from a spout. The
path of the edge of the sampling receptadle is shown by the dot and dash line

Bpout

C .

Frc. 44.
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CBD. The gradation of the size of particles in the stream is indicated by
the line of figures BE, the larger grains in the ore are in the front of the stream
falling from the spout, and the finest at the rear. If the stream of ore were
momentarily suspended in front of the sampler at the time of a cut being
made then the section cut out by the

M
sampler receptacle would be repre-
sented by the area DBC, and it will
be evident that a far larger propor- pe
tion of the coarse material will be
taken out by the cut than of the

fine. But, as the stream is in mo-
tion the actual area taken out will be
represented by an area such as 4 BC,
for the line of grains AC are falling
into the cutting receptacle during
the whole time that it is in the
stream while those at B are only
momentarily in the stream. The
error caused arises from the fact that
coarse pieces have a different value
from the fine and as in the majority
of cases the coarse pieces are of lower
grade than the fine, the return from
assaying the sample will be too low. The same criticism will apply to the
old Bruntun sampler, Fig. 45.

The sampling device shown in Fig. 46 consists of a pan mounted on a long
swing arm pivoted at some point above not shown in the diagram. At
regular intervals this is swung into the stream to the back edge and then
out again. The cross-sectional area cut out
is indicated by the area ABC and as, before

= (]

VAL IT IR RIS ST

L]

Fic. 45.

Brout '\\\ the proportions of coarse material is too
;m_hﬁ\ great. After the pan leaves the stream it is
A automatically unlocked and the contents

deposited below the pan.
n The only safe way of passing the sample
BN T‘T’F { . cutter through the stream of ore is with its
\ \ — + edge in a plane at right angles to the long
c axis of the stream, the cutter entering at one
Fic. 46. portion and passing with uniform motion
entirely through and out at the opposite
portion. It will be safer to pass the cutter through the stream from side to
side, viewing the front of it, discharging from a spout than from front to
rear, or rear to front, for in the latter cases unless the cutter is introduced
into the stream at some distance below the point of discharge the reaction
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of the large grains striking the edge of the cutter will tend respectively to
throw them into the cutter or away from it, whereas for accurate sampling
there should be no marked tendency in this respect one way or the other.
When damp ore is being sampled, the interior of the cutting device
B 10 should be cleaned at proper intervals for the ore tends to cling to
the sides in the rear portion where the fine ore falls in a side to
side cut, eventually leaving only a confined space and reducing the
proportion of fine.

The unvarying frame of mind of those having charge of sampling
operations should be one of suspicion. Due care should be exer-
cised that all the sampling apparatus is kept clean and running
freely. It is an excellent plan to mount a.revolution counter upon
the samplers, or on the gearing driving them to record the revolu-
tions to the end of the period represented by the assay pulp;
should there be much variation from period to period, the causes
should be investigated.

Automatic Mixing.—Below the first sampler and preferably
before allowing the cuttings to enter the first crushing machine,
must be placed a device which will combine the intermittent
collection of cuttings. The best one for this purpose is a conical
drum with shafts and spiders as in a trommel and covered with
sheet steel plate. A drum of this kind from 3 to s ft. long and
with diameters ranging from 24 to 30 in. for the small end and 30
to 36 in. for the large will be ample for any daily capacity which
the sampling plant has to serve. Two spiders are ample: a head or
hood spider, and a bottom one. _

The result of not having a device for combining the intermittent
cuttings into a continuous stream will be seen from the following
considerations. Assume that the second sampler is geared so that
its cutter arrives at the side of the spout at the same moment that
the sample from the first sampler arrives at the edge of the spout,
and that both the cutting areas exposed to the stream of ore are
the same and equal to a fourth of the cross-sectional area of the
stream. If the desire be to reduce by tenths then although this
may be attained in the first cutting, in the second under the
assumed conditions above a fourth will be taken. It will be im-
possible to maintain the two cutters revolving at exactly the same
rate of speed. Consequently for a limited number of revolutions
the second cutter will either be part way under the spout when the
sample arrives at this point or else it will not have reached the side

" of the spout at the moment the ore arrives.

The second sample cutter will, therefore, fail entirely to take any portion
of the samples taken by the first cutter and for a more or less lengthy period
it will fail to be in pace with the first sampler this condition continuing until
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the second cutter again gets into pace with the first. It must be evident from
the principles already laid down that this mode of operating is very faulty.
Fig. 47 illustrates the results of operating the samplers in this way. Out of
the lowermost of the chain of rectangles representing the successive cuts made
by the first sampler, the second takes out the portion shown in rectangle one,
the stream from the first sampler having almost ceased to flow as the second
approaches the spout from which it is falling. In the second rectangle owing
to the fact that the speed of the second sampler is greater than the first, a
proportionately larger portion of the rectangle is taken. In the third a
satisfactory cut across the whole width is taken. In the fourth the second
cutter has advanced a part way across and under the spout before the ore
begins to flow and in the last or sixth the second cutter is entirely out of
synchronism with the first and does not get into synchronism again until the
upper series of rectangles is reached.

Sm— Section 4 0" - .
= A-B. . .F W
e "Asﬁ
Sectional Plan. Sectional Elevation.
Fic. 49.

Vezin Automatic Sampler.—The automatic sampler most commonly used
in the mills is the Vezin, two types of which are shown in the accompanying
drawings, Figs. 48 and 49. Two sizes of steel plate sampler are shown, a 36-
and a48-in. size and a 4-arm all-cast-ironsampler. This type can of coursebe
made with two arms, as are the steel plate samplers. The Vezin samplers are
set vertically in front of the stream of ore to be sampled and at such a distance
that the rear end of the revolving cutter is sure to be well out to the rear of the
falling stream of ore. The front of the stream must also fall into the cutter
with a liberal space in front of the center of the shaft. The opening of the
cutters occupies the space between two radii of a circle whose center is the
center of the vertical shaft. Let r be the distance, from the center of the
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sampler, of any point in the cross section of the stream being sampled.
Let R be the radius of the sampler and A the length of arc subtended by the
sampler at the periphery. Then the length of arc subtended at point dis-

tance r is % Let V be the peripheral velocity of the sampler. The

velocity at point distant r is 'fand the time for this point which is any

point in the cross section of the stream to pass through the stream
A |14
'T divided by rf or ‘Ii” and as both 4 and V are constants the time

is
any point in the stream is discharging into the sampler is the same
as any other point, consequently the sampler takes equal portions
from all parts of the stream. It is assumed that the stream is
everywhere of the same weight per unit of volume and is everywhere
falling with the same velocity. This is sufficiently true for all practical
purposes. If certain grains of ore travel faster than others from being
given a rolling impetus in a long inclined spout, they will appear less
frequently at the edge of the sample spout, but for all practical purposes the
product of the velocity times the weight of a unit of volume of the stream
will be the same at all points.

The only casting in the sheet metal samplers is the center which is shown
in detail in the center of the drawing and is the same for the 36- and 48-in.
sizes. The vertical sampler shaft is secured in the center of this casting.
The vertical shafts for the two sizes are shown at the right with bevel gear
attached. The samplers and shaft are supported above the cone by two bear-
ings leaving the bottom of the sampler entirely free for the passage of the
ore. As the sampler cutters pass through the stream the ore slides down
into the center and out at the bottom through the 6- and 8-in. circular
openings. From this point the ore can be spouted to a mixing cone placed
below. The supports for the drive shaft with bevel pinion attached are not
shown but would offer no difficulty in design; only a couple of light bridge
trees are required, the spacings for which are indicated on the drawing.

The cast-iron design has a number of advantages not the least being that
it is cheaper. The interior of this sampler can be lined with sheet steel to
take the wear and should the cutting edges become worn, new ones can be
made by bolting pieces of steel plate to the inside of the cutters. This form of
sampler is supported at the bottom in the same manner as the sheet steel
samplers. There is a cast curtain, shown in the drawing to protect the spout
connection from dirt. The driving mechanism is above and consists of bevel
gearing as in the sheet-steel samplers. |

The rate of travel of the periphery of the sampler should not exceed 150
ft. per minute. For a 36-in. sampler the number of revolutions per minute
should not exceed 15 or 16 and for a 48-in. sampler 12 r.p.m. Beyond these
speeds centrifugal force will cause the ore to cling to the end of the cutter
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or tend to be thrown out. The width of the cutter should not be at any
point less than three times the diameter of the largest piece being sampled.

In concentrating mills the reduction by sampling is by tenths, a crushing
operation following each sampling operation: For very difficult ores the
reduction may be by fifths, thirds, etc. A handy rule to remember is that
after each sampling operation the ore must be crushed to one-half the size
it was before. For example suppose the capacity of the mill be 200 tons in 8
hours, and that this is the sampling period. Then sampling operations can be
conducted in one of two ways. (1) The ore, after being crushed to 1 to 1-1/2
in, size is sampled by an automatic sampler taking one-tenth. The 20 tons
of sample then passes into a cone from which it discharges into a set of 12 X
24-in. rolls, which reduces it to 1/2 to 3/4 in. size. Below the rolls a tenth
is again taken, the sample being reduced to 2 tons. This after passing
through a cone can be crushed either in a small pair of rolls or by some
form of ore-grinding apparatus to 1/4 to 3/8 in. Then the sample is re-
duced to o.2z tons by an automatic sampler following which it may be re-
duced by alternate shovels to 15 or 20 lIb., then ground in a fine-grinding
machine and riffled to a size suitable for grinding to 8o to 200 mesh giving
the final assay pulp, weighing from 2 to 8 ounces. (2) In this mode of oper-
ating, suited especially to a rock house preparing the ore for concentrating
operations, the ore after being reduced to a limiting size in the crushing plant
may be run through a battery of sampling machines followed after each
sampling operation by a cone or other device, to convert the cuttings into
a continuous stream. If as before the capacity of the plant is 200 tons in 8
hours, and crushes to a limiting size of 1/2 to 3/4 in. then cuts reducing the
sample to 2 tons, may be made without any crushing being necessary. As
before, the 2-ton sample must be crushed to 1/8 in. before reducing by
shoveling to 15 or 20 lb. weight preparatory to reduction to assay pulp
volume. )

Haultain Sampler for Wet Sand.—The riffle device of H. E. T. Haultain
for reducing wet sand and slime samples is the best of its kind. By its
use the amount of time and trouble in handling of the sample of sand and
slime at the end of a shift is reduced to a minimum. I believe it is more
accurate than the complete drying of a sample collected in a large settling
tank or in a canvas conical filter bag. If desired, the sample can be run
through the device from a small settling tank. This is the mode in which it
is employed at the Detroit Copper company’s mill at Morenci, Arizona.

The complete installation of teeter box, sampler tanks and reducing
device as installed by Haultain at the Last Chance mill, northern Idaho, at
the end of the sand and slime tailings launder merits description.

Water for operating the teeter box was first introduced into a little V-tank
with a plug at the bottom for removing sand and one near the top for furnish-
ing the actuating water under a constant head. At one end of the teeter box
was secured an arm hinged so as to hang vertically. At the lower end of the
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arm was mounted a plunger consisting of a circular piece of pine which fitted
loosely in a prismatic box kept full of water. The function of this device was
to prevent the tipping apparatus from accelerating in its to-and-fro move-
ments. The teeter box actuated a carriage sliding on two horizontal rails
placed about 18 in. apart. Little wheels were tried on these rails but gave

trouble.

On this account the carriage was provided with shoes which slid

on the rails, these being kept well lubricated. Suspended from the carriage

was the cutter which passed through the
stream of tailings and took the sample.

Attached to the teeter box was a Veeder Flopper
cyclometer which counted the throws of . .
the sampler, and by calculation it could A — Y
be seen whether the sampler had worked - A | B Prentns
smoothly or intermittently during a shift. . ///

From the cutter the sample flowed - | ;/
into a series of five 5-gal. kerosene cans, -§§ \(\
arranged as are the zinc-precipitating 3 \\\\\
tanks in cyanide works, one below the 8 \3\\ N
other. Each can was provided with a é § AN F\‘]\
baffle of iron plate suspended in the mid- ;':-: \\\ Weste
dle. The overflow of each can into the i N

one below it was through two small
angular spouts soldered in V-shaped
grooves cut from the front of the can at
the top. The interval between cuts in
this sampler was between 3 and 4 minutes.
During this time the slime back of thé
baffle in the first can would settle fairly
well but much better on the front or dis-
charging side of the baffle. The same
thing, but marked by progressively better
settling, could be observed in the other cans. The last can discharged
absolutely clean water. -When the douse from the sampler came, slightly
turbid water would be lifted from the first can into the second, less turbid
water from the second to the third and so on with diminishing turbidity
until the final overflow would be perfectly clean.

This system was thus a highly efficient intermittent settling device. The
kerosene cans did not last long, although the water was only slightly acid. It
was necessary to have a small army of boys gathering in cans and bringing.
them to the mill. It would have been far better if the series of small tanks
had been made of substantial copper sheeting.

At the end of a shift the sampler was hung up, the time being noted. The
first can, which usually was about two-thirds full of sand and slime, was lifted
up and the surplus water poured through the reducing device shown in Fig.

Z
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50. .The sand was loosened by pouring in water from a lower can of the
series and the mixture poured through the reducer. The first can was
finally washed perfectly clean with a jet of water pointed up into it from a
hose mounted alongside the reducer and put back in place. The remaining
cans in order were treated in a similar way with a view of using as little
fresh water as possible. The four other cans usually had only an accumula-
tion of sediment in them an inch or less deep. During these operations a
can to receive the cutting rested under the lowermost set of rifles at 4.
The reducing device used in this sampler contained two sets of riffles and
reduced the sample to a quarter; a third set of riffles would reduce a
sample to an eighth. The riffles are inclosed and supported by two heavy
sheets of copper, shown by the heavy lines in the drawing. If the contents
of the cans at the end of a shift with the added clean water for washing
them out amounted to 28 gal., then the sample at the first reduction would
amount to 3.6 gal. On passing this through the reducer a second time the
sample would amount to about o.7 gal. The second cut was placed in a
copper tray and a little hydrochloric acid added. In a few hours it was
perfectly possible to siphon off the bulk of the water and the rest could be
quickly removed by heating on a sand bath. -
Dry Crushing and the Dust Problem.—In dry crushing plants, the dust
which arises from the crushing and grading operations is not only exceedingly
hurtful to the laborers, but may cause a serious loss in the metallic contents
of the ore. In one case in my experience in the tropics, where the rock house
was perennially open to the outer air at many points the dust loss was 1 per
cent. of the total value of the ore and for a long distance from the crushing
plant dust coatings on vegetation could be noticed. In cement mills using
clay lime rock as in the Lehigh district, Pennsylvania, one may stand in a
perfect haze of dust, objects but a short distance from the eyes being barely
discernible and feel no discomfort from irritation of the mucous surfaces of
the nose and throat and lungs. But in a rock-crushing plant reducing
quartz or other hard ores the irritation set up in these sensitive parts, by
sharp particles of rock, is oppressive and dangerous. The dust is very de-
structive to bearings and give the rock house an unsightly appearance. The
main reason for the escape of dust about the rock house machinery is poor
spoutings and housings. Fairly well seasoned lumber will continue to season
or rid itself of moisture by being absorbed by dry powdered rock, especially
if the rock contain any clayey portion. Under continued seasoning the boards
of the spouting and housing will gap and warp, leaving apertures for the es-
cape of dust. Housing and spouting must therefore be made of the best
straight-grained and seasoned lumber obtainable and when repairs are
made to any machine or spout due care should be exercised in seeing
that all the joints are carefully in place and dust tight. Careless re-
placement of spouts is a great source of the dust nuisance. The sense-
less practice of leaving a spout open at the rolls so that quick action
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may be obtained in case these machines choke, should be avoided. It will
be better to have a hinged door at this point which may be thrown back
should it be desired to remove a piece of iron which has become lodged
between the roll faces. For a distance above the rolls the spout leading
into it should be made detachable and secured to a fixed portion above it by
tie bolts which may be tightened when the spout is put back in place after
rolls are repaired. If the portion of the spout near the rolls is barred out
at the repair time, the ends being split and warped in this proceeding and
it is secured by spiking, a tight joint cannot be made either where the remov-
able spout connects with the fixed spout above, or at the housing of the rolls.
. A better mode of securing spout covers
than by nailing them to the side boards
is illustrated in Fig. 51. The cleat 4
shown in the figure can either be nailed
to the covering board or to the side of
the spout. In either case strips of
folded burlap should be introduced
between the cleats and the sides and
top of the spouting. Fastening the
cleats to the cover of the spouting is
somewhat preferable as it is apt to be
damaged in removing liners if attached
to the spout. In making repairs on
spouts the attendant should carry a small pot of paint to cover up finger
marks and scratches on the wood. New spouting should be painted in the
carpenter’s shop before putting in place. To make temporary repairs of
spouts through which a hole has been worn, chisel or saw out the more or
less circular opening to a rectangular one and fill with a block of wood
faced with a piece of steel liner; the face of the steel plate should be flush
with the bottom of the spout. Hold the block in place with a covering
piece of wood screwed to the bottom of the spout and smeared with a thin
coat of water putty. Wipe off the water putty and touch up with paint.
Wads of waste stuffed in holes in spouting are the resort of the shiftless.

If the elevators of the crushing plant be fed by a conveyer belt the problem
of dust prevention becomes quite serious. A conveyer belt is one of the few
machines about the rock house which cannot advantageously be housed and
if not housed a cloud of dust is sure to arise at the point where the ore dis-
charges into the elevator. Housing the belt back a few feet from the point
where it discharges into the elevator will, however, militate to some extent
the dust evil. If the ore has a quartzy gangue, quartz, granite, sandstone,
quartzite, etc., a spray may be introduced at the point where the ore enters
the elevator. If the gangue consists of basic igneous rocks containing a large
proportion of feldspars or other silicate and particularly if these be partially
decomposed, or of rocks containing a large portion of kaolin, such as clay

Fi16. s1.
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slates, etc., then a spray will not be permissible for such gangues will become
a mucky mass even with a small percentage of water. The spray water must
be applied with great caution so as not to wet the ore and to this end some
form of atomizing apparatus will be found preferable to a series of fine jets
playing directly upon the ore. Where the wash water is perfectly free from
solid matter or salts which oxidize rapidly such as ferrous sulphate then the
device illustrated in Fig. 52 makes a very perfect atomizer. A nozzle atomi-
zer may also be used. In either case to get a good atomizing effect the

water must be under considerable pressure. Dust settles

. rapidly in an air charged with fine particles of water.

The open mouths of breakers are other places where it
is difficult to prevent dust arising. In most cases these
machines cannot be fed without an attendant to watch
the feeding and this necessarily involves having the
crusher opening exposed. Where it is possible to enclose

) the mouth of the crusher and a mechanical feeder, the
Fipe difficulty of making a dust tight construction is very great.
Occasionally the dust evil at the breaker mouth can be
Sectional Elevation.  partially overcome by using atomizers below the breaker.
As a rule very little dust will be made by the breakers, as
‘the ore at the stages it reached them is quite coarse and
often the fines have been removed by screening. A long
drop of crushed ore and undersize in a spout to a belt or
elevator joining the crushed stream below the breaker,
Plan. causes clouds of dust to rise through the crusher mouth,
FiG. s2. but this may be overcome by proper designing. Good
designing and good superintendence will do much to abate:

the dust nuisance.

Suction Fan and Piping.—There remains to consider the mode of keeping
down the dust by means of a suction fan and piping. Installation of such a
system has numerous disadvantages, the most serious one being that the pipes
are in the way, for to insure no lodging of dust in the pipes they must stand
at angles of 60 deg. Fan systems are not needed in crushing plants unless
the limit of crushing is in the neighborhood of sand sizes. If there be a bat-
tery of crushing machines arranged along the same foundation line and having
suction intakes at the same general height, then in order to reach the vacuum
box from the bottom of which will pass the main pipe leading to the fan, the
individual pipes or risers on a 6o deg. inclination must go up to a great height
above the crushing machine or to a great depth below them in order that all
may reach the junction point at the suction box. If an alternative plan is
adopted of piping a group of crushing machines to a separate vacuum box,
then separate pipes will be required from these group vacuum boxes leading
directly to the fan or joining into a main leading to the fan. This mode of
arrangement will reduce the head room required between the crushing ma-
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chines and the vacuum boxes but increase that from these points to the fan
so that the total head room required is practically the same in either case.
Separate vacuum boxes will be required for the screens, elevators, etc. From
this brief description it will be readily imagined how the multitude of pipes
required for a vacuum system will clog the head spaces of the rock plant,
and how much they will be in the way in moving repair parts from one part
of the plant to another. In the case of rolls the vacuum pipe must pitch
directly into the side of the boxing over these machines, without any bend.
Where the point of departure of the vacuum pipes is at a space open at one
side as for example the mouth of a Blake crusher, or the end of a conveyer
belt where it discharges into an elevator, etc., the effect of the vacuum will
be very slight, for the velocity of the cloud of dust will be sufficiently great
to cause it to pass by the vacuum pipe and out into the air of the crushing
plant. This forms another disadvantage of the vacuum system in that at
the points where it is most desired to entrain the dust, it is not effective.
The use of elevator housings as vacuum boxes to simplify the piping and re-
duce the number of pipes has been suggested to me. The pipes used are

WEIGHTS oF GALVANIZED IRON P1pE IN Pounps PER FooT!

Diam. of Gauge of jron Diam. of Gauge of iron

",’Lﬁ;‘ No. 24 | No. 22 | No. 20 | No. 18 ‘,’.‘,’c’ﬁ.ﬁ' No. 22| No. 20 | No. 18 | No. 16
4 1-1/2 | 1-5/8 | 2 2-3/4 28 11-3/8 14 18 21-1/2
5 1-3/4 | 2 2-1/2 | 3-3/8 30 12-1/4] 13 19-3/8| 23 -
6 >~1/8 | 2-1/2 | 3 4 32 13-1/8 16 20-3/4| 24-5/8
7 2-1/2 ‘ 3 3-1/2 | 4~5/8 | 34 “ | 14 17 22-1/4| 26-1/4

|

8 -7/8 \ 3-3/8 | 4 s-1/4, 36 |15 18 | 23-3/4| 28
9 31/4 ' 3-3/4  41/216 P38 16 19 24-1/2| 29-1/2
10 31/2 | 4 ’ 5 6-1/2 | 40 17 20 26-1/4| 31-1/4
11 33/4 | 4-1/4  s1/2 |7 ! 42 ... 21 28 33
12 4 { 4-5/8 6 7-1/2 44 |- ...... 22 | 290-3/4] 35
13 4-1/4 | 5-1/8 | 6-1/2 | 8-3/8 46  |....... 23 31-1/2} 37
14 4-5/8 | 5-1/2 1 7 9 48 ... 24 33-1/4| 39
15 5 6 7-1/2 | 9-5/8 50 |....... 25 35 41
16 5~1/2 | 6-1/2 | 8 10-1/4 52 |....... 26 36-3/4! 43
18 6 7-1/4 | 9 11-1/2 54 | 27 38-1/2| 43
20 6-1/2 | 8 10 12-3/4 56 |....... 28 40-1/4! 47
22 7-1/4 | 8-3/4 11 14 S8 29 42 | 49
24 8 9-5/8 i12 15-1/4 60 |....... 30 43-3/4 51
26 8-3/4 '1o-1/2 13 16-1/2 i........... P P Lo

Above table will be found substantially correct, allowance being given for rivets, lap
and solder, also waste or trimmings.

1Garden City Fan Co.
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‘commonly light galvanized iron put together like stove lengths and are easily
disturbed by a chance blow and will not be tight under service unless they
are looked after periodically. In numerous places about dry separating
mills where the ore is finely ground and contains a large proportion of very
fine dust, as for example about magnetic and dry table separating plants, a
vacuum system is obligatory and will help abate the dust nuisance. The
use of fan systems is infrequent outside of plants of this kind. The gauges
recommended for the different size galvanized pipes are given in the pre-
ceding table.

No pipe less than 4 in. in diameter should be used in any part of the sys-
tem. In order to make the computation of size of pipes clear and to deter-
mine the size and horse power of exhauster required, some calculation will be
entered into for an exhaust system for four machines set 15 ft. apart. The
first problem is to determine the various lengths of pipe for the different
risers and the diameter of the main. It will be assumed that the vacuum box
is directly over the center of the foundation line of the four machines, then to
determine the distance from the two end intakes to the vacuum box we have
to find the sides of an equilateral triangle whose base is 6o ft. and whose angles
are 60°, which, is of course, 6o ft. In the case of the two intermediate ma-
chines, since the altitude of the first triangle is 51.96 ft., we can determine the
length of the intermediate risers by solving the right angled triangle of base
15 ft. and altitude 51.96 ft. and the lengths of pipe in even feet become s54.
Let it be further assumed that a pressure of 0.145 ounceis to be maintained at
the intake of each machine, then taking the 54-ft. length with diameter of
4 in. and allowing for a 6o deg. elbow, it will be found that the loss is 0.61
ounce, calculated from the following formula (Buffalo Forge):

1 [V \?
F= ;otz(gz‘oz)
Where F is the loss of pressure in ounces,

V is the velocity in feet per minute,
I is the length of the pipe in feet,

d is the diameter of the pipe in feet, i.e., l—: equals length of the
pipe in diameters.

The velocity in feet per minute can be taken from the accompanying table.

In the computation by whichit is determined that the loss of pressure due
to frictionis 0.61 ounce, the length of pipe used is 72 ft., 54 ft. from the point of
ingress to the vacuum box, and 17 ft. representing the friction in the 60° elbow
equal to that of a length of pipe of 50 diameters, and 1 ft. for the portion above
the bend ending in the vacuum box. On substituting 0.61 in the formula,
placing / at 60, and the factor for friction in the elbow equal to a length of
so diameters, and adding an extra foot as before it will be found that the diam-
eters of the longer risers have to be 4.3 in. in diameter in order that they may
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CORRESPONDING PRESSURE AND VELOCITIES OF AIR AT 50° F.

Inches water Ou Velocity feet || Inches water Velocity feet
pressure - nces pressure per minute pressure Ounces pressure per minute
1/32 o.01817 698 3.0340 I.75000 6,061
1/16 0.03634 987 3.4680 2.00000 7,338
1/8 0.07268 1,393 3.9920 2.25000 7,787
3/16 0.10902 1,707 4.3350 2. 50000 8,213
1/4 0.14536 1,071 5.0080 2. 75000 8,618
5/16 o.18170 2,204 5.2020 3.00000 9,008
3/8 0.21804 2,414 6.06go 3. 50000 9,739
0.4335 0.25000 2,582 6.9390 4 . 00000 10,421
1/2 0.29072 2,788 7.1030 4. 50000 11,065
5/8 0.38340 3,118 8.6700 5 .00000 11,676
3/4 0.43608 3,416 9.5370 5. 50000 12,259
0.8671 0. 50000 3,658 10.4040 6. 00000 12,817
7/8 o.50870 3,690 12.1380 7 .00000 13,874
1.0000 o.58140 3,946 13.8720 8.00000 14,361
1.2500 0.72670 4,362 15.6060 9.00000 15,795
1.3005 0. 75000 4,482 17.3400 10.00000 16,684
1.5000 0.87210 4,836 19.0740 11.00000 17,534
1.7340 1.00000 5,175 20.8080 12.00000 18,350
1.7500 1.01740 5,224 22.5420 13 . 00000 19,138
2.0000 1.36280 5,587 24.2760 14 .00000 19,901
2.1670 1.25000 5,792 26.0100 15.00000 20,841
2.6310 I1.50000 6,349 27.7500 16 .00000 21,360

have the same inlet pressure as in the case of the shorter 4-in. pipes. For
practical purposes 4 in. will also be adopted for the diameter of these long
risers the computation of the diameter being made simply to show the mode
to pursue where the variation in lengths would cause greater variations of
intake pressure. Combining the cross-sectional areas of the four pipes gives
50.28 sq. in. equal to the cross-sectional area of an 8-in. pipe, consequently
this size of pipe is adopted for the main leading to the blower on the principle
that where pipes join the one which leads away from them must be at least
the cross section of the pipes before junction.

The pressure in the main at the point where it leaves the vacuum box must
of course be the sum of 0.145 ounce, plus 1.97 ounce or 2.12 ounce. Let it be
supposed that the main must be 6o ft. long in order to reach the exhauster.
Then, as before, substitution in the formula already given with velocity of
1971 ft. per minute, the additional pressure for overcoming friction in the
main is obtained, viz., 0.26 ounce pressure. The total pressure which must
be maintained at the fan end of the piping system to have pressure of 0.145
ounce at the other end of the system is 2.38 ounces. The area of the blast
is given by rule 2, page 128. The diameter of the fan may be taken as 73
per cent. of the size of the fan in inches and the width as equal to the
dimension L (see table on page 130). The peripheral velocity of the fan
is given by the ratio of the cross sectional area of the 8 inch pipe to the
area of the blast times 8ooco. If a 3o-inch fan be used the velocity of the
tips of the blade becomes 4079 feet per minute and the r.p.m. 709.



128 THE THEORY AND PRACTICE OF ORE DRESSING

TABLE AND RULES FOR ESTIMATING FAN CAPACITIES AND POWER REQUIRED AT DIFFERENT

~ PRESSURES
“A” |1/40z.|1/202.|3/402.| 1 02z. | 2 02z. | 30z. | 4 02. | 50z. | 6 02z. | 7 0z. ' 8 Oz.
“B” | 2,585 3,658| 4,482 | 5,174/ 7,338] 9,000 10,422 11,676 12,817 13,873 14,861
“cr 18 25 31 36 (3¢ 63 72 81 89 96 ‘ 103
“D” (0.002 |0.005 [0.008 |0.015 | 0.042/0.077 | 0.118' 0.166] 0.218' 0.276' 0.338

RULES FOR USING THE TABLE AS FOLLOWS

Rule 1.—Column “B,” divided by circumference of Fan Wheel (in feet), gives speed
necessary to maintain pressure directly above it in column “A.”

Rule 2.—Diameter of Fan Wheel (in inches), multiplied by width of same (in inches)
at periphery, divided by 3, gives area of blast in square inches. In wheels larger than
66 inches in diameter, 5 per cent. should be deducted from this quotient.

Rule 3.—Column “C,” multiplied by area of blast in square inches, gives capacity in
cubic feet per minute at pressure directly above in column “A.”

Rule 4.—Column “D,” multiplied by area of blast, gives theoretical horse power
required to drive Fan.

The above rules and table apply only to centrifugal Fans and Blowers, not to the style
of Fan known as the Disc or Propeller Fans or Positive Blowers.

For altitudes other than sea level, corrections for pressure may be made
from the accompanying curve (Fig. 53) showing the falling off of pressure
with altitude. - :

* For air exhaust work the common fan used is a plate steel exhauster; these
can be obtained in a variety of sizes with discharge openings pointing at
different angles or with double discharges as is shown in Fig. 54. A
dimension sheet for an exhauster with left, top horizontal discharge is shown
in Fig. ss.

For dust collection, cyclones or stocking collectors may be used. All
the principal manufacturers of grain cleaning machinery make these devices.
The cylcone adds little to the duty as the dust laden air enters tangentially
in a metal inverted cone, the dust-free air rises through the center and the dust
is thrown to the periphery and settles to the point of the cone. Where the
air must be forced through cloth as in a stocking machine the increase of
pressure may be comparatively great and the speed of the fan must be in-
creased over that required to maintain the proper pressure in the pipe lines.
In some measurements made by me on an exhaust system the manometer
registered a minus pressure of 5/8 ounce at the fan on the main pipe side; just
in front of the stocking machine a plus pressure of 3/16 ounce. The stock-
ings were shaken oncea shift. Where positive filtration is employed it will be
best to employ a fan one or two sizes larger than is called for by the duty of
maintaining pressure in the pipe lines and in making preliminary estimates of
the horse power to allow one-third increase in pressure for the collector.
After the fan is installed it can be speeded to the proper number of revolutions
for maintaining the inlet pressures at the ends of the pipes. The subject
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of dust collection by an air exhaust system is not of sufficient importance in
concentration to warrant a discussion of theory. The theoretical knowledge
to be had on the subject will be found in treatises on fans and blowers, heating
and ventilation, Kent’s Mechanical Engineer’s Pocket Book, and many of
the catalogues of manufacturers of mechanical draft machinery.
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CHAPTER V
SEPARATING PLANT

The complexity of arrangement of machinery in the separating mill is in
direct ratio to the limit of crushing. That is the coarser the ore is crushed
the more complex are the machinery arrangements. Where the ore is crushed
to about 20 mesh, before separation, the arrangement of the concentrating
machinery is quite simple. The slope of the mill site will diminish as the
limit of crushing preparatory to separation becomes lower, for as has been
indicated under the chapter on testing, the greater the degree of preliminary
crushing the more simple and direct become the separating operations.
Increase in the number of commercial minerals to be saved also increases
the complexity of the mill arrangements and when this is coupled with a high
crushing limit, the most complex type of concentrating mill must be evolved
and the utmost skill of the metallurgist is taxed in producing a successful
separating plant.

Where the limit of preliminary crushing is high and concentration pro-
ceeds by stages, a crushing operation being followed by a separation and this
by another crushing operation, there is but one mode of treatment which is
most economical, viz., by water concentration by employing jigs as first dress-
ing machines. In a mill equipped with jigs the ore will usually be elevated
from the mill bin to a battery of sizing screens, the various oversizes of which
pass to jigs for the preliminary concentration. Middlings result from the
jigging and these are commonly sent to crushing rolls for a reduction in size.
It is at this point that the great error arises in design and examples of it can
be seen in a great many mills throughout the continent. The error lies in
this that the crushing rolls are set under and behind the jigs whereas they
should be located below and in front of these machines. This error arises
first from the violation of the principle already laid down that the crushing
plant for preliminary crushing should be distinct from the separating struc-
ture. Almost universally the small mill is located at the bottom of the moun-
tain side, and the preliminary crushing and separation are accomplished
under the same roof, and as it is a decided advantage to locate the crushing
machinery on a slope the sloping ground is given up to the crushing machin-
ery and the separating operations are carried on on a flat piece of ground at
the base of the hill. Of course there is usually nothing to hinder the met-
allurgist from placing preliminary crushing machinery on the hillside so that
the separating machinery can be arranged below on sloping ground. If this
arrangement is adopted and particularly if the lower portion of the hillside
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slopes more gently than the upper where the crushing machinery is located,
then the layout of the plant would be in general accordance with my ideas of
what is the best site. This is not done, however, for in the majority of small
mills the jig floor is built at some height above the lowermost floor where are
placed regrinding rolls or other comminuting machinery. Why this is done
cannot be answered on the score of economy of space, for less structural
material will be required to house an extra length of mill to accommodate the
different sections of machinery placed on a line than would be necessary to
raise the mill to the increased height necessary, when the different sections
are superimposed upon one another. The principal reason for the ordinary
procedure in design of small mills arises from the expedient of always drop-
ping the coarsest jig middlings, and often all, including the finest, into the
boot of the elevator raising the ore from the main mill bin, or in other words
the middlings are brought back into the original mill stream and are again
screened and jigged on the same machines from which they arose. The
direct evil resulting from this practice will be discussed at length later. It
results in a closed circuit. Why this expedient is adopted will be seen from
a description of the alternative method.

In this method the jigs rest upon the ground or partly on a floor resting
on the ground and partly on a suspended portion of the floor. The regrind-
ing machinery is set ahead and below the jigs. The test work has indicated
that it will be profitable to rejig the reground middlings. There is a choice
of having a second jig floor with screens above it below the regrinding machin-
ery or of returning the middlings to a battery of screens paralleling the first
and with jigs below them and paralleling those giving initial treatment to
the ore. It will be preferable to resort to the second arrangement and have
all the screens and jigs together making the mechanical arrangement of the
mill simpler, reducing the operative labor and making the task of supervision
lighter.  The disadvantage is that the middlings must make a 270 deg. turn
to bring them to the second line of screens and this coupled with the distance
from the head of the screen lines at which the middlings emerge from the
regrinding machines, will make considerable losses in head room. This is
not so serious a matter as appears at first glance because a small number of
screens will be required in the second line and the middlings being in a finer
state of division, less slope of the launders will be required to transport them
to the other arrangement. Where the regrinding machines are set below and
directly under the jig floor, it is only necessary after regrinding the middlings
to spout them to the main elevator when they are disposed of and the mechan-
ical arrangement of the mill becomes simpler than the proper one and it is
this gain in simplicity which has stereotyped the design of the average small
jig mill. As to why it would not be preferable to place the rolls below the
jig floor and spout to a second elevator placed in the rear or below the jig
floor, the answer is that on the sloping sight a return up hill would be out of
the question owing to the expense of excavation and revetments; and, on a



SEPARATING PLANT 133

flat site the poor operative conditions which would prevail on the roll floor,
as lack of light, jig floor' supports being in the way of repair operations, and
men and machines subjected to the all pervasive drip of the jig spouts when
passing under the jig floor. Further to support and accommodate the jig
floor, the whole framing of the mill must be made unnecessarily heavy.
There would be no objection and a decided advantage, however, on a flat
site in having the rolls and elevator located entirely to the rear of the jigs,
the jig floor being elevated. To my mind the advantage of a sloping site
lies entirely in this, that the bulk of the heavy machinery may be supported
entirely on terra firma.

More than one secondary jigging operation will pay but very rarely.
Indeed I know of no mill on the continent where more than two are employed.
The second stream of middlings will pass to rolls or mills of various types
and these may be arranged alongside the regrinding rolls, bringing all the
regrinding machinery together and allowing of a simple arrangement for re-
pairing. Below the regrinding level the streams of direct ore, from the under-
size flow of the last trommel in the first line, or from the overflow of jig
classifiers, should be kept separate from the middlings flow, the former not
being mixed with the latter, until it has passed through oneseparating opera-
_tion. After each flow of sand and slime has received treatment on separate
sets of appropriate machinery, they may be combined for a second treatment
possibly after a comminuting operation, but they should never after regrind-
ing be returned to the machines from which they came, the only permissible
departure from this rule being in the ultimate slimes treatment when it will
be a question of keeping a small amount of rich pulp in circulation or allowing
it to go to waste.

Location of Retreatment Floor.—The question of the location of the re-
treatment floor for sands and slime is largely the choice of the metallurgist.
The direct treatment floor may be placed directly over the retreatment
floor or the latter may be placed ahead of the former. Where tables and van-
ners are employed and the mills of wooden construction, it is difficult to make
the frame sufficiently rigid to resist the vibrations set up by these machines
if they are mounted on the second floor of a two-story structure. A steel
frame does not, however, offer any difficulty of this sort. The two-story
arrangement lends itself very nicely to a site with a flat portion at the bottom
of a hill side, particularly if there be enough additional space for auxiliary
buildings and railroad tracks. It is advantageous to extend the axis made by
the screens or screens and classifiers into the lower portion of the mill carry-
ing the classifiers and dewatering apparatus in two or more parallel lines
along these axes and feeding to machines on either side, the concentrating
machines being arranged in single lines with the concentrate discharge end
to the windows. This mode of arrangement can be employed to best ad-
vantage where the slimes and sands portion of the mill is located on flat
ground, for on sloping ground the floors will ultimately come too high off
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the ground if the banks of tables were carried any great distance forward.
To accommodate the system to sloping ground, the pulp streams must be
turned and caused to flow at right angles to the original direction of flow
and the slime and sands building form an L addition across the bottom of the
upper structure of the mill. This type of design is often seen and offers no
particular disadvantages other than the loss of head room necessary to turn
the pulp stream to one end or the other and in case new units were added to
the mill, such projecting structures would be in the way of the new ones.

It is not deemed advisable to go into further detail concerning the layout
of the mill. There is often but one available mill site which is far from ideal,
and the flow-sheets for different ores vary so widely that rules for arrange-
ment covering every case cannot be laid down. For the most complex type
of separating mill those where two commercial concentrates must be made
and where a high limit of crushing is permissible, a sound mode of arrange-
ment has been outlined. Less complex flow sheets will offer less exercise of
ingenuity on the part of the designer. The aim should be ease of access to
all parts of the superstructure and machinery and plenty of light. Ease of
access requires much uninterrupted head room above the machinery; roomy
passages between the machines; broad easy stairways with few turns; few
floor levels, and as little fall between the lowest and topmost level as possible.
Stairways are usually an afterthought in the design when they should be
an integral part of it as was remarked in preceding chapter. As far as
possible, machinery should be driven from countershafts located below.
The spouting leading away from the machinery can almost always be carried
below this level, and water piping always without exception.

Cost of Building.—1It is well known to insurance men that the extra cost
of steel-frame buildings as compared to wooden structures is more than offset
by the less insurance required to be carried on the former type. In an esti-
mate of costs prepared for a fireproof-steel milling plant, the cost for steel
structural work was 40 per cent. of $70,000 or $28,000, the capacity of the
plant being 200 tons per day of 24 hours, and of the separate crushing plant
300 tons in 24 hours. The cost for steel work includes both the crushing
plant and the mill proper. It was estimated that the same structure of wood
and with wooden floors would cost one-fourth less or $21,000. The insurance
rate on the wooden mill would be $3 per hundred per year or $189o per year,
while that on the steel frame at $1.50 per hundred per year would total $1050
per year, a difference in favor of the steel mill of $840. This sum set aside
yearly less simple interest on $7000 at 4 per cent. and compounded at 4
per cent. interest, would equal $7000, the difference in cost of the two plants
in a trifle over ten years.

7000 X 0.04 o4
(140.04) " -
The destruction of the wooden mill by fire would entail a loss due to stoppage

Formula: 560 = ,or (1.04)" = 1.5 + or # = 10.3 years.
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of mining operations difficult to estimate but great in amount. The interest
on the stoppage of dividends for six months of a mine paying $300,000 4 year
in dividends would amount to $3000, nearly half the difference in the cost
of the two types of mill.

Mill Structure.—The remarks which have been made on foundations in
the previous chapter will apply generally to any mill structure. If a wooden
structure is decided upon, a full-framed wall structure will be found to meet
the problems of arrangement most simply. This style of frame is of so ven-
erable antiquity that little description is needed here. A cut of it from Clark’s
“Building Superintendence” is shown in
Fig. 56 and descriptions will be found
in all works on building construction and
joinery. For mill work the sill braces
are omitted and studding is not employed
freely, for there are only the outer walls
and windows to support and not the
weight of lath and plastering with close
spaced supports for attachment of laths
required to finish a dwelling house. The
space between wall plates is usually
filled in with studding to a sufficient de-
gree toafford nailing surfacefor wall boards
covering the frame and supports for the windows. Within the mill structure
the posts are disposed on a rectangular plan and are connected by caps and
sills. As in the case of the wall plates the posts are braced at the top from
the caps. The interior braces are four in number, two short and two long,
one pair being joined to the caps resting on the posts directly and the other
pair to the caps crossing the first set. Floors are carried on joists on top of
the upper set of cap timbers and the various tiers of posts morticed to the
caps. The conventional way of arranging the posts is to have those in the
interior of the mill as well as the wall plates occupy corners of equal sided
squares from 12 to 18 ft. apart. Sufficiently heavy timbers are chosen so
that regardless of the distribution of the weights of machinery floor, etc.,
the posts will be amply strong to bear them. An experienced millwright will
by instinct set his posts with sufficient spacing to provide an ample factor of
safety, but the metallurgist will do well to compute the spacing though
generally not departing from the convention that the spacings must be equal.
For mills which rise two posts high, the general convention is 12 X 12 posts
for the two tiers, and for tiers above this unless some special problem requires
heavy or vibrating machinery at this height lighter posts. If merely to
support an inclined roof, a course of 8 X 8 posts will probably be ample.
(See Fig. 56a.) These matters of sizes should not, however, be left to rule-
of-thumb figures, but the weights and strengths of the members calculated
according to the well-established theories for columns and girders. The
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final plans being prepared, showing the weights and position of all ma-
chinery, the supporting members should be recalculated. Glaring errors
of underestimation of strength will often be detected if this is done. For
column footings, reference should be made to Chapter III. In small mill
structures the quarter pitch roof is generally employed where a mill is
located on a hillside, but if the ground is quite steep, the pitch of the roof
will more nearly follow that of the mill site. A roof sloping more or less
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parallel to a hillside requires no supporting trusses, the roof receiving support
from girders laid across the upper tier of posts. Shingles or corrugated iron
are used for roofing material. Where roofs slope with the axis of the mill,
the design of the mill structure will frequently lend itself to breaks in the
roof line allowing a range of windows being placed between the two portions
and yielding more light and a more pleasing design. Where double pitched
roofs are employed as will be advisable on a flat or gently sloping site, roof
trusses must be employed for the design of which standard works dealing
with this subject should be consulted. The walls of wooden mills are usually
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of two thicknesses of 1-in. lumber laid overlapping, with building paper
between the two layers and with the edges of the boards of the outer layer
covered with battens. The wall boards are spiked to the wall plates and
the studding which fills in between. Corrugated iron may replace the wood
and the studding must be arranged so that the squares can be nailed con-
veniently. Floors in wooden mills are always of wood and an ideal lumber
for this purpose is Southern pine. For a water-tight floor such as is
necessary in most parts of a wet concentrating mill, the floor may be laid
in a double thickness, the lower floor being of light lumber and overlaid
by heavy mill flooring. Mill floors which have to be hosed should be laid
with a slope of 1/8 to 3/16 in. to the foot so as to drain well. The
drains should be covered with removablé boards flush with the floor and
should slope toward the nearest elevator.

Mill Plans.—In drawing plans either for wooden or steel mills, separate
sheets should be made showing the location of water pipes, steam pipes and
radiators if the mill be located in a cold climate, and the wiring for the electric
lighting system.

Should a steel frame be decided upon it will be best unless the designer
is an expert in that branch of engineering, to entrust the designing to a manu-
facturing firm who make a specialty of this kind of work. There is the dis-
advantage in this procedure of having the contractor prepare his own plans,
but the experience of many with well-known steel and bridge companies,
has been that they take so much pride in their engineering that no danger of
excess structural material being used need be feared. The cost of preparing
a set of structural drawings by the metallurgist and assistants will often be
found enough greater to offset the differences in contract price which would
prevail if the plans and specifications were open to bid. The basis of settle-
ment is by the pound and all factors such as differences in freight, etc., con-
sidered, there is very little difference in the prices which will be named by
various manufacturers for any structure. For the structural designer a
plan and elevation must be prepared showing the position of all machinery
foundations where resting on the ground, the position of machinery with
weights, the outline of building desired, and a window and door plan. Foun-
dations whether located and designed by the metallurgist or by the structural
engineers, must be placed by the mine. Only after foundations are all in
place can'the erection of the superstructure begin.

Motive Power.—The choice of a prime mover is one that is nearly always
fixed by the location of the mine. The best and cheapest power for a mill is
water power, second hydroelectric power and steam or gas power. So far
as mine plants are concerned, the choice between gas and steam will depend
upon the cost of fuel; where fuel is cheap, steam will still be preferred to gas
power whether generated by coal, wood, light or heavy oils. Water power
makes the ideal power when there is sufficient water at the lowest stage to
provide for all the requirements of the mill. Most of the large mining camps
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of the United States are today provided with cheap hydroelectric power and
the only prime mover problem for the designer is the number, size and disposi-
tion of motors for driving the mill machinery.

The tendency in late years to equip manufacturing establishments with
electric power has been toward individual or group motor driving, but in
ore mills the elimination of shafting and belting has not proceeded to such
extremes; indeed the only similarity to this practice is the use of a few motors
driving complete sections of the mills. The argument against individual
driving in the mills is, first, that many ore mill machines are unbalanced
masses; such for example are the crushers, shaking screens, tables, vanners,
etc., and since the reduction in speed of the motors must be made by gearing
the vibration set up by lack of balance acts destructively on the gearing.
Again, the power consumption of the machinery is usually so variable
that excessive heating of the motors would result unless made unduly over
capacity. Again, many machines particularly the crushers, elevators, etc.,
are subject to sudden stoppages, the result of which would be to strip the
teeth of the reduction gearing. In wet concentrating mills unexpected leak-
ages of water may cause a burning out of the insulation of the motor and in
dry mills or in the crushing plant, the dust would be highly destructive to
the bearings of the motors. For ordinary jig mills, three motors will usually
be selected, one for the crushing machinery, one for the jigs and other machin-
ery in that portion of the mill, and a third for the sand and slime machinery.
It is of some advantage to have the sands and slime department on a separate
motor, for if it is necessary to shut down the body of the mill suddenly, the
tables and vanners can be allowed to run until the classifiers, dewatering and
thickening devices are closed, thus avoiding quite serious losses which are
bound to occur in mills having but one prime mover.

The motor should always be located in a dry place of even temperature
and as free from dust as possible. The usual practice is to build a room
around it to protect it from dust and this room should when practicable be
located in a cool corner of the mill and be of as ample space as conditions
permit. The motor rooms should be kept scrupulously clean and the electric
apparatus wiped from time to time. Ring bearings on motors need constant
watching to see that the rings or chains are rotating with the shaft and the
oil in the reservoir sufficiently free from contamination to lubricate properly.
It has been my experience that many of the so-called dynamo oils on the mar-
ket are far too heavy to perform their function properly, the result being
that bearings constantly run dangerously hot. If the rings used in ring
oilers stop from any cause, a flat spot will be worn on the inner side and non-
rotation from this cause will increase. Directcurrent machines used
for lighting and exciting must have their commutators turned in a
lathe from time to time, smoothing them down with sand paper being
merely a temporary expedient. Constant speed induction motors are
the favorite for mining work. Motors from 25 to 50 per cent. greater
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capacity than the duty expected of them should be chosen for both crushing
and separating plants.

Shafting.—The rules for laying out shafting are few in number and de-
pendent largely on common sense. Carry the countershaft-driven pulleys
and the driving pulleys as close to the walls as possible. Set the shafting
across the bridge trees as near the posts as is practicable for clearing pulleys
and convenience in throwing on belts.

If all the machines to be driven from a countershaft are on one side of one
of the mill caps, then the shafting should be set upon that side also. If the
machines are on both sides of a mill cap near which it is proposed to locate a
countershaft, then the shaft should be set on the side containing the greater
number of machines unless there are extra heavy belts to be thrown on the
pulley in starting machinery on the other side. In this case the reverse side
will have the preference in location. The parallel arrangement of machinery
and its location on floors ahead or behind one another as demanded by good
modern design render it difficult or impossible to so drive from countershafts
that the deflections due to the pull of the belts are balanced, that is, the angles
of departure of the belts from the shafts cannot be arranged around the cir-
cumference of a circle or part of a circle in a way that the pulls of the belt
oppose or partly balance one another.

The formula for spacing of bridge trees or supports for shafting given by
Kent from the data compiled by the Pencoyd Iron Works for a deflection

WEIGHT SHAFTING

. T1C

Diameter | T | e | mree || Dinmerer| Ted | | e
1-3/16 in. 3.771b. ($0.05-1/2 | $0.21 2—-7/8 in. | 22.09 Ib. [$0.05 $1.11
1-1/4 4.17 o0.05-1/2 | o.23 2-15/16 | 23.06 0.05 1.16
1-3/8 5.05 o0.05-1/2 | o0.28 3 24.05 0.05 1.21
1-7/16 5.52 0.051/2 | o.31 !3-1/8 26 .09 0.05-1/4 | 1.37
1-1/2 6.01 o.05§ 0.31  3-3/16 27.16 0.05-1/4 | 1.43
1-5/8 7.06 0.05 0.36 |l3-1/4 28.22 0.05-1/4 | 1.49
1-11/16 7.61 0.05 0.39 |'3-3/8 30.43 0.05-1/4 | 1.60
1-3/4 8.18 0.05 0.41 3-7/16 31.58 0.05-1/4 | 1.66
1-7/8 9.39 o.0j5 0.47 3-1/2 32.73 o0.05-1/2 | 1.81
1-15/16 10.03 0.05 o.51 :3—15/16 41.40 0.05-1/2 2.28
2 10.69 0.05 0.54 4 42.75 0.06 2.57
2-1/8 12.07 o.05 0.61 4-7/16 52.62 0.06 3.16
2-3/16 12.80 o.0§ 0.65 |l4-1/2 54.11 0.06-1/2 | 3.52
2-1/4 13.52 0.05 0.68 4-15/16 | 65.50 o0.06~1/2 | 4.26
2-3/8 15.07 0.05 0.76 5 67.45 o.07 4.73
2-7/16 15.89 0.05 0.80 ||5-7/16 78.95 0.07 5.53
2-1/2 16.70 0.05 0.84 ls-1/2 80.77 o0.07-1/2 | 6.06
2-5/8 18.41 0.05 0.93 ’5—15/16 94.14 0.07-1/2 | 7.07
2-11/16 19.31 0.05 0.97 '6 96.14 0.08 7.70
2-3/4 20. 21 0.05 1.02 |
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not to exceed 1/roo in. per ft. of length is: L =%/720d? where L is
the greatest permissible length of span in feet, and d the diameter of the
shaft in inches. This formula provides merely for the deflection of the shaft
under its own weight. For shafts carrying pulley, the same authority gives:
L ={/140d%. The proper size of shafting to transmit any horse power at a
given number of revolutions per minute is given in Fig. 57. The
horse power which any shaft will transmit is given in any of the standard
text books on Applied Mechanics. The formula on which thechart is founded
is given at the top of the chart and it will be noted that the denominator
of the right hand expression is 100. According to Thurston this denominator
should be 75 for head shafts well supported against springing and with the
bearings close to the pulleys; 55 for line shafting with supports 8 ft. apart;
and 35 for transmission simply, there being no pulleys. For cold rolled iron
the formula is consequently amply safe for all transmission problems except
very extraordinary ones, where owing to the use of many extra large pulleys
the torsion and deflection would be great. An accompanying table shows
the weight of cold rolled steel shafting. The standard length of shafting is

STANDARD SizEs oF KEY SEATs For PULLEYS, GEARS, SHEAVES, SPROCKETS, CLUTCHES,
ETC. STANDARD TaAPER or KEvs 1/8 INCH PER Foor

Diameter of shaft Size of key, in. __.l(ey ‘seat in hub - Fey u'e.t 1 M‘,
Width, in | Depth, in. | Width, in. | Depth, in.
3/4 to 1-1/4 in..... 1/4X  3/16 1/4 1/8 1/4 1/16
1-5/16 to 1-3/4 in..... 3/8X  9/32; 3/8 3/16 3/8 3/32
1-13/16 to 2-1/4 in..... 1/2X  3/8 1/2 1/4 1/2 . 1/8
2-5/16 to 2-3/4 in..... 5/8X 15/32] 5/8 5/16 5/8 5/32
2-13/16 to 3-1/4 in..... 3/4X  o/16| 3/4 3/8 3/4 3/16
3-5/16 to 3-3/4 in..... 7/8X 21/32| 7/8 7/16 7/8 7/32
3-13/16 to 4-1/4 in..... 1 X 3/4]| 1 1/2 1 1/4
4-5/16 to 4-3/4 in..... 1-1/8X 27/32| 1-1/8 0/16 1-1/8 9/32
4-13/16 to s-1/4 in..... 1-1/4X 15/16( 1-1/4 5/8 1-1/4 5/16
§-5/16 to s-3/4 in..... 1-3/8X 1-1/32f 1-3/8 11/16 | 1-3/8 11/32
5-13/16 to 6-1/4 in..... -1/2X 1-1/8 | 1-1/2 3/4 1-1/2 3/8
6-5/16 to 6-13/16 in..... 1-5/8X 1-7/32| 1-5/8 13/16 | 1-5/8 13/32
“6-7/8 to 7-1/4 in.....| 1-3/4X 1-5/16| 1-3/4 7/8 1-3/4 7/16
7-5/16 to 8-1/4 in..... 2 Xi1-1/2 | 2 1 2 1/2
8-5/16 to 9-1/4 in.....| 2-1/4X 1-1/2 2-1/4 1 1/4 1/2
9-5/16 to 10-1/4 in..... 2-1/2X 1-1/2 2-1/2 1 2-1/2 1/2
10-5/16 to r1-1/4 in..... l 2-3/4X 1-1/2 | 2-3/4 1 2-3/4 1/2

20 ft. The only sensible mode of connecting two pieces of shafting is by
means of a standard coupling, dimensions and weights of which fixture are
shown in Fig. 57a and the accompanying table. For securing the shafts
from endwise movements, only safety collars should be used, Fig. 58. Indeed
the old-fashioned collar with its dangerous projecting screw is no longer listed
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NN !
el

Diam. shaft, in. A, in. | B, in | G, in Weight, Ib.
" 1-7/16 6-1/2 §  |eeeeiiiiio, 20
1-11/16 7 30 V2 2 P, 27
1-15/16 8 6-3/4 7/16 35
2-3/16 9 7-1/2 7/16 44
2-7/16 10 8-1/4 7/16 60
2-11/16 10-3/4 8-3/4 7/16 70
2-15/16 11-1/4 9-1/4 9/16 103
3-3/16 11-5/8 10 9/16 119
3-7/16 12-3/4 10-1/2 9/16 140
3-11/16 13-3/4 11-1/4 9/16 157
3-15/16 13-3/4 12 11/16 170
4-3/16 15 13-1/2 11/16 220
4-7/16 15 13-1/2 11/16 272
4-11/16 16-1/4 14-3/4 11/16 303
4-15/16 16-1/4 14-34/ 11/16 334
§—7/16 18-1/2 16 11/16 385
5-15/16 20 17 15/16 475
6-1/2 21-1/2 18-1/2 15/16 570
7 23-1/2 20 15/16 670
7-1/2 23-1/2 21-1/2 15/16 890
8 26 23 15/16 1,016

F1G. 57a.
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in the catalogues of first-class manufacturers of transmission machinery.
For setting and leveling shafting nothing is so satisfactory as an engineer’s
level. The bridge trees having been recessed and brought to approximately
the same level by a level and long straight edge of sufficient length to reach
from one bridge tree to another, the bearings are put in place and half round
wooden blocks of radius equal to the shafting are placed in them. The foot
of the level target rests on these blocks. To lower a bearing the wood must
be cut away and to raise it the proper amount of shims must be placed under
it. If bracket or hanger bearings are used, the target must be held on the
same point on all the bearings after they are placed approximately in line.
Bracket bearing supports should as far as possible be avoided except for
the very lightest shafting. For bridge trees wood is the best substance
even when the structural members are of steel.

[
Diameter of A, B, Diameter of A, l B, | Diameter of A B
bore, in. in. in. bore, in. in. in. bore, in. in in
1-3/16 3 1-58/ | 3-7/16 6 , -1/2 | 7 12-1/4] 3-3/4
1-7/16 3-1/4 | 1-5/8 | 3-15/16 | 6-1/20 2-3/4 | 7-1/2 14 3-7/8
1-11/16 | 3-1/2 | 1-3/4 | 4-7/16 7 3 8 14 3-7/8
1-15/16 4 1-7/8 4-15/16 8 3 8-1/2 15-1/2| 4-1/2
2~3/16 | 4-1/4 | 1-7/8 | 5-7/16 | 10 3-1/2 9 15-1/2| 4-1/2
2-7/16 4-1/2 | 2 5-15/16 | 10-1/2| 3-3/4 o-1/2 | 17 2-3/4
2-11/16 5 2-1/8 6-1/2 11 4 10 17-1/2{ 4-1/4
2-15/16 | s-1/2 | 2-1/2
F1G. 58.

The simplest bearing is the best for mill work and grease the best lubricant,
and this is best applied by an ordinary cast-iron or steel screw cup. The
threads on brass cups are easily stripped even when care is taken in handling
them. With grease cups all bearings must be regularly visited twice a shift
by the oiler to see that there is sufficient lubricant in the cup, the bearings
not overheating, and to give the cup a quarter or half turn to force out grease
which has been foul. Oil ring or chain bearings quickly become fouled in
concentrating mills and if kept in proper condition they consume too much
of the oiler’s time. The ordinary oil bearing is wasteful of lubricant which
not only escapes from the journal too quickly, but much oil is spilled by the
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DIMENSIONS

5 2

s -

s | s | s | €| £ | £ | % i | £ <€ |3

At < o g a uf ~ ) E ) E
1-7/16 | 4-1/2| 8 5-3/4| 2-3/8| 1 2- 1/2 7/8 |1-1/2|..... 8
1-11/16 | 5-1/4| 8-1/4| 6 2-3/4|1-1/8 |2—- 1/2 15/16] 1-3/4| ... .. 12
1-15/16 | 6 9-1/2| 7 3-1/4|1-3/16/2— 5/8 |1-1/16 |2 | ..... 14
2-3/16 | 6-3/4/ 10 7-1/4| 3-1/2|1-1/4 |2- /8 [1-1/8 |2-1/4]..... 17
2-7/16 7-1/2| 11-1/4| 8 3-3/4|1-1/2 [2— 3/4 |1-5/16 |2-3/8|..... 24
2-11/16 | 8-1/4|12-1/2| 8-3/4| 4 1-1/2 {2- 3/4 |1-3/8 |2-5/8|..... 32
2-15/16 | 9 13-3/4| 9-3/4| 4-1/4\1-3/4 |2= 7/8 |1-7/16 |2-7/8] ... .. 39
3-3/16 | 9-3/4{13-1/2| 9 5-1/2{1-3/4 |2~ 7/8 |1-7/16 |3-1/8|..... 47
3-7/16 |10-1/2|13-3/4| 9-1/4| 6-1/2|1-3/4 |2— 7/8 |1-1/2 |3-3/8|..... 58
3-11/16 | 12 15-1/2| 10-1/2| 7-1/2]|2 2-1 1-11/161 3-7/8| . ... .| 90
3-15/16 | 12 15-1/2110-1/2 7-1/2‘2 2-1 1-11/16| 3-7/8|.....! 9o
4-7/16 |13-1/2 17—1/4! 11-1/2| 8-1/2'2-1/4 2-1-1/8 |1-13/16|4-3/8]..... 124
4-15/16 | 15 19 12-1/4| 9-1/2[2-3/8 |2-1-1/4 |2 4-7/8]..... 170
5-7/16 | 16-1/2| 19 14 9-3/4|2-1/8 |4-1 2-1/8 |s5-1/8|5 190
5-15/16 | 18 20-1/4,15-1/4| 10-1/4{ 2-1/8 | 4-1 2-3/8 |s-1/2!5-1/2) 280
6-1/2 19-1/2) 21 16 11 2-1/8 |4-1 2-1/2 |5-3/4,6 340
7 21 22-1/4,17 11-1/2| 2-1/4 |4-1-1/8 | 2-5/8 |6 6-1/2| 468
7-1/2 24 24-1/21 19 12-1/2|2-1/2 |4-1-1/4 |2-7/8 |6-3/4|7-1/2!570
8 24 24-1/2! 19 12-1/2|2-1/2 |4-1-1/4 | 2-7/8 |6-3/4|7-1/2|570
8-1/2 |27 27 21 13-1/2|2-3/4 |4-1-3/8 |3-1/8 |7-1/4|8-1/4| 700
9 27 27 21 13-1/2|2-3/4 |4-1-3/8 |3-1/8 |7-1/4|8-1/4] 700

Fic. s9.
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oiler in filling cups or saturating the waste wells. Oil-soaked bridge trees
are very dangerous in case of fire. The spread of the flames which was very
rapid in two cases which have come under my observation could only be
attributed to the saturation of the mill timber with lubricating oil. Fig.
59 and the table gives weights and dimensions for plain bearings.

In laying out shafting it will be found that only jigs require an overhead
drive, though it is often convenient to drive many of the other machines from
above. As far as possible the aim should be to have the belt rise to the shafts
and not drop to it. Drives from above confuse the head space and are a
greater source of danger to the operations than when they rise from below.
Overhead drives render changes in spouting difficult. Spouting must always
be carried over the machines they feed. In driving from below, resort must
be had to jack post or hanger stands or the bearings must rest on bridge
trees framed into the posts. Special bearings of those kinds will be found
listed in all the catalogues of manufacturers of transmission machinery.
The shafting should, of course, be set so that the belt will “lay to” the driven
pulley and up to an angle of 45 deg. will give increasing areas of contact on
the driven pulley for angles above this the belt does not enwrap the pulley
so completely and at angles below 45 deg. the gain in “lay to” is offset by the
belt falling away from the pulley on the loose side.

Cast-iron pulleys should be used for all permanent work. For driving
jigs, tables, vanners, etc., or any machine where improved work may result
from a change in speed, split pulleys should be selected. Pulleys are made
in three weights, light, medium and heavy, and the weights in the accom-
panying table are average but sufficiently close for estimates. '

»

APPROXIMATE WEIGHTS OF CAST-IRON PULLEYS—SINGLE BELT

Di.meceT-,l Pace in inches

in. 3 | a s | e 7 8 | o | 10
6...... T 10 15 18 21 25 27 30 40
8...... 14 16 20 23 27 30 32 45
1I0...... 16 | 20 23 28 30 31 40 50
12...... 20 22 24 28 33 42 49 56
14...... 22 28 32 36 40 45 5o 60
16...... 27 30 40 55 58 60 63 66
8...... 30 35 42 50 54 62 8o 95
20...... 40 52 58 63 70 75 8o 102
22...... 45 58 63 70 75 80 93 106
24...... 50 60 65 70 75 85 95 110
26...... 55 62 83 100 11§ 125 130 135
28...... 62 65 90 105 120 130 140 145
30...... 66 75 88 110 120 125 145 165
32...... 71 8o 95 130 148 165 190 220
34...... 75 90 110 135 150 170 195 230
36...... 77 100 125 140 169 180 198 240
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DousLE BELT

Diam- Pace in inches
eter,
in. 8 I 10 I 12 | 14 | 16 18 20 22 24 26 | 28 | 30

18...] 93| 102| 115 135| 145| 160| 195| 225| 245)......0...... .. ...,
20...|104| 119 130| 160| 190| 200| 22§5| 250 |......|e.c..feueiii]iannnn
22...| 118 | 145| 165| 185| 218| 238| 265| 280 |......0......|e.ciii]ienn
24...| 134 | 170| 185| 200 225 245 | 290| 325| 360| 390| 430 500
26...| 145| 180| 195| 245| 275| 300| 350| 375| 435| 485| s520| 5§75
28.../ 165| 200 211 271 | 310| 345| 390| 440| st0| 565 610 675
30...| 10| 215| 240| 300 320| 360| 430| 470| 6oo| 650| 700| 750
32...| 198 | 225| 270| 326 374 | 423| 471| s500| s560| 665| 767 | 824
34...| 217| 250| 280 350| 407| 450| 531| s500| 660| 700| 8oo| 875
36...[ 230| 280 305| 385| 440 | 495| 600o| 620| 670 725| 825| goo
38...] 259 | 308 | 355 416 470| soo| 610| 660| 710| 760| 875| 940
40...| 275( 320 375 440| 490| s550| 625 700| 760| 810| goo| 980
42...0 200 | 340| 400 450| s540| Goo| 675| 743 | 820| 8go| 950 | 1,000
44...| 325| 360| 425| 490| s60| 650 720| 795| 864 | 092 | 1,100 | 1,200
46...0 340| 380 440 s30| 582| 700| 774 | 840| o940 | 1,050 1,170 | 1,275
48...] 350 400 450| s550| 6oo| 750| 8s0| 950 1,050 | 1,150 | 1,250 | 1,350
50...| 376 | 440| s31| 612 710| 800 | 847| 980 |1,061|1,170] 1,300 | 1,425
52...] 400 | 480 | 3560 664 740 | 838 | o25|1,012 1,121 | 1,104 | 1,378 | 1,500
54...| 425| §536| 610 700| 750| .900| 950 | 1,050 | 1,150 |1I,250 | X,400 | 1,600
56...| 490| 540| 640 720| 83r| 925]1,002] 1,121 | 1,231 | 1,330 | X,600 | 1,700
s8...| 515| G6oo| 652 741 875 | 81| 1,071 | 1,190 | 1,292 | 1,400 | 1,690 | 1,800
60...| 550 | 645 720| 750| 8go 1,000 | 1,100 | 1,250 | 1,350 | 1,462 | 1,800 | 1,900
62...| 570 | 663 760 | 860 | 970 | 1,092 | 1,202 1,301 | 1,432 1,550 | 1,850 | 2,000
64.../ 600 700| 780 o15|1,027|1,200]1,262 1,375 1,500 | 1,625 | 1,000 | 2,100
66...| 621 735 | 842| 9oo| 1,069 | 1,211 | 1,321 | 1,450 | 1,576 | 1,703 | 1,950 | 2,200
68...| 662 765 | or10|1,002]| 1,121 1,250 1,400 | 1,500 | 1,651 | 1,780 | 2,000 | 2,300
70...1 690 785| 950 1,050]| 1,179 | 1,300 | 1,450 | 1,600 | 1,729 | 1,861 | 2,100 | 2,350
72...| 721 | 840 1,000 | 1,095 | 1,230 | 1,350 | 1,5Q0 | 1,650 | 1,799 | 1,950 | 2,200 | 2,400
74...| 760 | ¢oo | 1,021 | 1,150 | 1,350 | 1,420 | 1,600 | 1,725 | 1,900 | 2,050 | 2,300 | 2,600
76...| 802 | ¢35 1,056 | 1,200 | 1,375 | 1,500 | 1,750 [ 1,900 | 2,200 | 2,250 | 2,500 | 2,800
78...| 825 | gbo | 1,100 | 1,250 | 1,400 | 1,600 | 1,792 | 1,924 | 2,250 | 2,300 | 2,600 | 3,100
80...| 870 1,000 | 1,150 | 1,300 | 1,460 ; 1,800 | 1,000 | 1,081 | 2,340 | 2,600 | 2,800 | 3,300
82...| goo | 1,050 | 1,200 | 1,350 | 1,520 | 1,842 | 19,21 | 2,100 | 2,382 | 2,741 | 3,000 | 3,400
84...| 940 | 1,080 | 1,232 | 1,400 | 1,600 | 1,850 | 1,950 | 2,250 | 2,400 | 2,750 | 3,200 | 3,500

Split Pulleys weigh about 10 per cent. more than the above.

Approximate differences in prices between cast-iron, split and solid hub

single pulleys.
Width face, in. | Diameter, in. | ¢ less cost | Width face, in. | Diameter, in. | % less cost
3 6 40 3 30 32
3 10 34 4 40 32
3 16 30 s 50 25
3 24 40 6 60 16

Wooden pulleys should only be used for experimental work or work of a
‘temporary character.
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Belting.—Rubber belts are used almost exclusively in concentrating
mills and have the advantages that they will work without any detriment in
damp places, cling well to the surface of pulleys, and have great strength.
Rubber belting is rapidly destroyed by the application of dopes to make
it adhere more firmly to the pulleys. If a belt is slipping it is probably due
to its being dry and dusty. Remove the dust with a slightly dampened piece
of waste and apply a small amount of linseed oil. If this does not stop the
slipping, the belt should be tightened slightly. For calculating the width of
rubber belt required to transmit any horse power, and consequently the
width of pulley which need be but an inch greater width than the belt for
single pulleys and but an inch greater than twice the width for a double
or driving pulley, the following rules may be used.

Width! = h.p. 6i: X N
N the number of plies in the belt. It is assumed in this rule that the arc of
contact on the driven pulley is 180 deg. A three- or four-ply rubber belt is
equal in strength to a single leather belt and a five- or six-ply to a double
leather belt. The diameter of pulleys is fixed by the desired relation in
speed between the driving and driven pulley, the speed regulation being in-
versely as the diameters but the width of face and diameter of pulley has no
bearing on the power which can be transmitted; that is, every pulley on a
shaft will transmit an equal amount of power regardless of the diameter
provided all the belt tensions are equal and tire arc of contact is the same.
Tn order to increase the power a belt will transmit the arc of contact onthe
driving pulley must be increased, or the tension increased.

Friction Clutches.—In order to reduce the starting load of mill shafting
and machinery, it is common practice to insert at convenient points fric-
tion clutches or shifting belts. Clutches are of the following types: single
cone, multiple cone or tooth contacts, single disc, multiple disc, single and
double pressure-ring. The first two types are uncomman in transmission
machinery, the disc types are frequently used, and also the ring types. I
have a preference for the double-pressure ring type. Pressure in all the
types is brought about by toggle arrangements. On the left of Fig. 6o of
a four-armed clutch with double jaws is a yoke with studs. A lever,
not shown, is pinned at a point above the clutch yoke and secured to the
yoke by the studs ¢. To engage the clutch the yoke is forced by the lever
toward the friction pulley; the manner in which the clutch engages and
releases will be plain from the sections, Fig. 61. The yoke is on the E por-
tion of the shaft. Friction clutches of this kind are made in two patterns,
in one a loose pulley is mounted on an unbroken shaft and when the clutch
is disengaged the pulley continues to revolve on the shaft, being belt driven,
and the clutch and shaft cease rotating. In the other, called a cut-off coup-

, where v is the velocity in feet per minute and

1 Formula, Boston Belting Co.
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ling, the friction pulley and jaws are mounted on separate portions of the
shaft and the part holding the jaws is set in motion on engaging the clutch.
For very heavy driven pulleys the latter pattern is to be preferred, although
it has the disadvantage that if there is any eccentric thrust on the portion
of the shaft holding the clutch, due to lack of alignment of the two portions
of the shafting, or of the fittings of the clutch, the clutch shaft which cannot
have an outboard bearing is apt to become sprung. The disadvantage of
the arrangement where the pulley rotates on an unbroken shafting is due to

F1c. 6o.

allowing the pulley to run when the clutch is out, which in time, will cause
the hub to become badly worn. Adjustment of the jaws is made by the set
screws and lock nuts g, shown in the sections, and great caution must be
exercised in making adjustments of the jaws. In making adjustments the
operator must see that each pair of jaws is at an equal distance from the
friction pulley, a condition which can be obtained after loosening the bolts
b. The clutch can then be thrown in cautiously and if it seizes too quickly
the set screws @ can be screwed back slightly less than a quarter turn and
tried again. After a number of trials a position will be reached when the
clutch can be thrown in without burning the jaw blocks and yet will trans-
mit the load without slipping. A large clutch of the type described is a
very dangerous device in the hands of a tyro, and its care should be in--
trusted to someone experienced in the adjustments. The danger of not
having all the arms seize the pulley with the same pressure must be ap-
parent since if one arm bears with greater pressure a sudden slippage will
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throw all the load on one arm which may give way. After the blocks are
adjusted at their proper distance from the friction pulley, no change in ad-
justment need generally be made other than through the set screws a, as

'8
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Cut-off Coupling. Pulley Clutch.

.
FrictioNn CLutcH Cut-oFF CoUPLINGS WITH FOUR AND Six ArM CLUTCHES

Diam. H.p. Largest Equal to - Space required Shipping
c?up- 100 bore shaft C ' D I E ;veight
ling rev.

18 8 4 1-11/16 5 - 4 7-1/2 196
20 11 4-1/2 1-15/16 6-3/ 5 7-1/2 251
22 15 5 2-3/16 6-3/4 5-1/2 7-1/2 314
24 18 5-1/2 2-7/16 7 6 9 409
28 29 6 2-11/16 7-7/8 7 9 554
32 43 7 3-3/16 8-7/8 7-1/2 9 684
36 57 8 3-11/16 9-5/8 7-1/2 10 890
36 75 8 4-3/16 9-5/8 7-1/2 10 1,057
40 90 8-1/2 4-7/16 10-3/8 8 10-1/2 1,180
40 107 8-1/2 4-3/4 10-3/8 8 10-1/2 1,428
48 150 9 5 11-1/2 9 11 1,701
48 224 9 5-1/4 11-1/2 9 11 2,050
54 275§ 10 §5-1/2 12-3/4 10-1/2 13 2,321
54 320 | 10 6 12-3/4 10-1/2 13 2,857
60 403 °| 12 7 12-3/4 17-1/4 | 15 | .5018
72 756 12 8 14-1/4 2+ T A 9,300
84 | 1200 12 10 16 31 | 14,800
Fic. 61.

the jaw blocks wear down evenly by charring or abrasion. Bass wood
furnishes the most suitable material for jaw blocks. The illustrations of
clutches are of devices made by the Hill Clutch Company, but many manu-



150 THE THEORY AND PRACTICE OF ORE DRESSING

facturers of transmission machinery make clutches of similar pattern. The
table shows weights and important dimensions of Hill clutches and the horse
power they will transmit. For the loose pulley type of coupling, and with
friction pulleys cast to the rims, any size of driven pulley desired can be
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B s 8mallest Diameter Pullcy in
which Clutch can be Buflt.

C is Largest 8ize 8haft for Stand-
ard Clatch.
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