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INTRODUCTION

This paper is one of a series, dealing with mining methods and costs,
sponsored and published by the U. S. Bureau of Mines., Papers of this series
are written by engineers and executives of mining companies, at the soélici-
tation of the Bureau, and- in accordance with an outline prepared by Bureau
engineers, for %he purpose. of securing uniform presentat1on and conformable
data. . :

The property of the Alaska Juneau Gold Mining Co. is situated near the
city of Juneau, Alaska, in what is known as-the Harris mining district, Whole-
sale mining operaticns have been adopted: 'on' & large scale and 10,000 to 11,000
tons per day of gold-bearing ore are mined and sent to concentrators near
Juneau. In addition to gold, the ore ¥ields 0.6 ounce of s1lver and 13.0
pounds. of lead to each punce, of gold recovereds: = g G . \

ACINOWLEDGMENT S

This paper is a comnilatlon and rev151on of an artlcle by the author \
which was published in the Transactions of the. .merican Institute of Mining
and Metallurglcal Engineers, volume 72, and of an article by Joseph A. Williams,
engineer of the company, which was publlshed in the Explosive Engineer for
November, 1926 . - ; RN o - \

: HISTORY -OF THE DISfRICT s . \

Gold was first discovered in the district in 1880, and mining might be \

., said to have been continuous since that date. During the late eighties there

was a substantial production from placer work and from mumerous small mills
of various types,

1" The Bureau of Mlnes hlll welcome reprlntlng of thls pappr provided the fol-
lowing footnote acknowledgment is used: "Reorlnted from.U S. Bureau of
Mines -Information -Circular 6186." . - BNy ~ " -

2 One of the.consulting engineers, U. S. Bureau of Mlnes. Coﬁéulting'engi—
neer, Alaska Juneau Gold Mining‘Go. e ~ i e o B B
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Spencer shows that the carly mills were:

Arrastres in the period-to 188l to 1888 inclusive.
A S5-stamp mill in 1882,

A "newly devised grinding mill" in 1884

Two Huatington mills in 1886,
\A 10-stamp mill -in 1889, . . BRI, Raes pra e

|A revolving Dodge mill 1n 1890.

A S5-stamp mill in-1891.

A 20-stamp mill in. 189u.

In 1896 the owners of the JAlaska Juneau property, having been encour-
aged by results obtained from thelr owh S5-stamp mill, as well as by rcsults of
neighboring operations, built a 30-Stamp mill. In 1898 the Ebner Co. built a
15-stamp mill, and in 1907-08 the Perseverance.Co, built a 100-stamp mill.
These mills, which had been pioneered by the smaller mills preceding them, in
their turn pioneered the later expansions in the scale of operation that lead
to present-day practice.

Dyring the first twenty years of Alaska Juneau operations the small mills
vere operated both for .commercial and for.experimental purposes. At the same
time o close study was made of all local conditions and problems, and valuable
economic -and. technical data were gathered. ‘The conclusions obtained therefrom
may be summarized as fOllOWS', vt 254 cuf, e T

1. The Juneau gold belt is an 1ntegra1 port1on of the coast range form-
ations, and is of great length variable W1dth, and ﬂf irregular and errat1c
m1nera112at1on. ' s =

2. The belt 1tse1f is composed of slwte qnd simﬂlar sedlmentarles with
intrusions of metagabbro. - :

3 The belt is divided into bands of poor .definition,

4, In the vicinity of Juneau the various bands converge to a limited
width, become better def1ned and constltute a broad lode. .

54 The gold in the belt is due to the presence of quartz.

6.‘The broad.1ode in the Juneau. v1c1n1ty contains an enormous tonﬂage
of low-grade ore. '

7. This grade of ore could be mined and milled at a commercial profit
when operatlng on a large- scale all—year ba31s.

8. Large—scale all-year operatlons ueﬂand low-cost underground mining,
sea-level mills, and a continuous supply of cheap powver.

Climatic and other conditions rendered all-year operations irmpossible 0
at the high altitudes where the various  early mills were situated. Therefore
the proposal to change from seasonal Water-power operation.to all-year operation
involved the driving of low adit-level outlets from the mines to suitable mill

a
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sites on the beach, tliesc na1tu scrving at the same time to twp the ore 1t depths
as much as 2,000 fc€+ bblow the surface. - ° . ; .

The first decﬁ—level adit,oa the Alas™a Junnam property was planned in
1898 and started-in 1699, but it was not defi=uitelyarranged for:until.1910.
In that vear F: W, Brodley cntered into a contract Wlﬁh the Alaska Junean Cos-
whereby he was to-drive 'a tunnel 420 fect above sea level for a-distance of
6,500 fect to o point beneath the surface workings, and then to raise £00- fect
to the surface. This work started in 1911 and was completed in about two years.
In 1913-14 the Alaska Juneav. Co. built a oO—otamo pilot mill on the hillside
near Juneau,” and in 1916 .2 new mill was built, with a rated capacity.of 8,000
tons per day; but, owing to the failure of some cxpcerimental features, the actual
capacity of the mill provel to ©te less than 4,000 tons per day. The mwlllng :
costs proved to be about four.times higher than the uveragc milling costs in
the district.

GTOLOGY

The Junean gold belt lies betwsen the diorite core of -the coast range
mountains and the grienstone and chloritic scniste on the northesstern ‘shore
of the Gastineou Cpammel., The rocks occupying this interval consist of sedi-
ments and their variovs derivatives, with irregular intrusions of metagaboro. :
The sediments have been Folded, 1ntens1vel plicated, and subjected to the com-
pression that develencd. tha 'slaty clcavuge. This cieavegs is generally coin-
cident with LP”.otlf ;e but not. Wlth S$he dip. - Thu rockzs .malzing up the sediment-,
ary - series concist oi pnylllto gray-: slateu,f rapnltlc slates,. lamlnatec quart-
zites, and: sericitic schists. . The metagabbro 11trublons are fairly abundant
in the slates, and extend to a lesser. degree inté the- schlsts and greenstones'
they.occur in the form of 51lls vmall laccolltns, and dylzes, g;,1 e i .

Gold"o curs chiefly, 1f not \hollj, in qaartz strlngers and gash Veans :
in the slatc and metagabbro. The guartz is 1rregu1ar :in Tom and disposition,
following the strike of the Sl%tb cleavogc in a general Wa T but hau a Sllghtly
steeper angle of dip. | ;

. Stringer lodes usuallv near the slate and gabhro conuqcts are found in
a zone from 1,000, to. 2,000 feet wide. These lodes are madé up of a network of
quartz -veinlets and *solated lenses varying in width from less than 1.iiach-to
3 or 4 feet. The hlgher—grude ore vands are not over 300 feet wide, whlle-the
lower-grade muterlul ‘vpetween them varics from 20 to 100 feet,

:

Cleon quartz will average. $6 per ton within the areas of commercial ore
while the roclkz outside of the-quartz strlngers is.practically worthless, Out—
" side the commercial ore zone there is an abundunce of quartz carrying little or
no goid. .

The gold itself is erratically distributed and of wide variation in size.
The size of gold ranges from nuggets with a maximum dimension of O. 75 inches,
to the finest dust.

.
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Associate minerals arc galena, sphalerite, PLTE uOtlte, and pyrite. Galena
and sphalcrite are usunlly highly auriferous; the pyrrhptite will assay about
$6 per ton and the pyrite lcss. The run-of-mine ore chr ages about 90 cents a
toa in gold.

EXPLORATION, SAMPLING, AND ESTINATION OF TONNKGES AND VALUES

Prcliminnry knowledze of the character, extent, ond value of the ore de-
posits was zained by the early operations in the district, the gradual expansion
of which had a most imporiant bearing on present-day operations. This is true
to the extent that each succossive step in the progress was the result of the
preceding sten and the fincl cpcrations of the Alaska Juneau Gold }Mianing Co. vere
based on an accummlated fid of informnticn rather than on a systematically de-
veloped tonnage of which the assay value hiad becn determined by any of the hand-
samnling practices commonly in use.

Theoretically, it shomnld be possible Yy hand~semvling to determine the
average assay valuve of any gold ore, bubt on thelunecu gold belt the gold is un-
usuzally coarse for lode gold, its distributisn in the quartz is erratic, and the
quartz itself is irrcgulariy disposed throughout the osre-bodies. Therefore, it is
a difficult problem to determine in advence, bty any system of hand-csampling, the
average gold content of these ores, Furthermore, the development work done in
any one of the mines on the belt, in advance of milling operations, was not suf-
ficient to perr:it a reliable detcrninatlon of avera&e assay values by hand-

sampl.ing methous exc*us¢ve,d.

The average {Cld assay value of the orc milled during the history of the
Alaska Juncau mine is 39 cents per ton, buf many samples talken from within stop-
ing areas exceed this average by sevcral t‘Quuand per cent, dAny practical
method of hand-sampling this ore will produce such a great variation of values.

uystenatlc caa1ne1 sannl-ng in tne Alaska Junea” nine is con51dered an
unnecessary expense and is not now practiced. The value of ground not already
knowa through actual mining is gained by grab samples tal“en from the muck during
the progress of development work. The assay results of such samples are inter—
preted in light of experience and 'uqubdgu of the ground. The chief purpose
of Sahpl;nb in the Alaska Juneau mine at all is to determiine the grade of what -
is lnovn to the miner's eye to te ore, and to make a permanent record of the ‘
information. The results.obtained by this method of sampling, or any other
method, determine the hlgh or low value of wLat the experienced eye already
knows to be ore.

Final'knowlédge as,tO‘the'value of the ore in the Alaska Juneau mine
has becn derived from mucle samples, moil samples, and mill returns; in addition
to the mill returns from normal operations, many tests have been made, not only

on ore from various parts of the mine, but-also from bands interveining between -.

ore bands, and from waste. :The conclusions arrived at have been supported by '
actual returns,
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SELECTION OF STOPING METHOD

) As prevJouslv sta ted the Juneau gold belt is 01v1ded into ore bands
of poor definition. The most. casterly workings on the bclt those of the
Alaska Gastineauw Co., disclosed three separate'bands: The footwall or Ground-
hog band, 70 feet wide; the Perseverance band on which the recent mining was
done, also 70 feet wide; and the No. 2 band, 100 feet wide. These bands,
e aggregating 240 feet are found over o width of 2,000 feet. Going toward the
: west into the adjoining Alaska Juneau ground, four bands have been found vhich
have a total right-angle thicliness of 755 feet., These bahds are convergent in
. b their westerly trend and ternminate on the planc of Silver Bow fault. The four
- bands have better definition at the fault planc than at the eastemi boundary
line where they enter the property. Along the property line, the width of the
bands and intervening country 1s 1,600 feet, and at the Silver Bow fault this
width is reduced to 1,300 fecet. The distance from the eastern property line
to Silver Bow fault is 2,400 feet. The bands are slpte or slate with metagab—
bro intrusions, together with gold-bearing quartz ﬁasseﬂ stringers, and gash
veins. The bands themselves are not all ore, but all connerc1al ore is found
within the oands. They have no uniform width either in horizontal or vertical |
section. The ore has no .hard and fast boundary except where cut by faults, .
and profitable mining ceases on a vague and 1Adef1n1te line where the aurlfer— :
ous stringers and gash veins becone too few, = ' & & > = ~ ERER

The throw of Silver Bow fault was downward and westerly, the components |
of motion being about equal, and the apparent horizontal displaccment is about
2,000 feet. .Being later than.all the rocks ond later than the ore, the fault
has had the effect of dividing the mine into two parts. The occurrence of the
ore bands. on the castern side of . the fault has already been described. On the
‘western side there apparently has been a coclescence of the bands without the

' ldentity of eny one band being pronounced, unless it is the footwall or Nugget
Gulch band. ' ‘ ' ‘ \

: For mining purposes a band can be considered as a definite channel of
values, but actually this is not the case; the distribution of values through- \
out each channel or bandifbyno means uniform., There is an abundance of evi- ‘
dence to this effect in all the mines on the belt, and the irregularity of
values extends both vertlcally and horizontally. No general law has rade
itself evident; that is to say, therc is no system of repeated ore bodies with-
in the bands, no arrangenent of horizons of characteristic leanness or rich- \
ness, and no marker of any kind that will indicate that a certain unknown part ‘
of a band will be good, bad, or indifferent. Some bands are known to be better |
than others, and parts of the same band.are definitely known to vary greatly
in gold content. The gold values niay diminish and the amount of quartz remain
the ‘same; but, as a general rule, quartz that is gold-bearing contains sulphides
of lead, zinc and iron, and conversely the absence of these sulphides denotes
i an absence of gold in the quartz, and marks it as low grade. Hence an intimate
e acquaintance will enable the eye to distinguish between pajable areas and

those not. payable. ; :

, The selection of a, mining method for the niﬂes on the belt resolves
itself immediately into consideration of (1) selective nining, and (2) whole-
sale mining.
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Selective Mining., — Small-scale selective mining on the Juneau gold belt
has been tried in a number of instances, and whereas some of the enterprises have
operated at a small profit, none has been a commercial success, Larg:-scale se-
lective mining means a large number of small stopeS'or a smaller number of large
stopes; in either case, stope control is necessary in order to avoid dilution.
The rosult, however, will be and has been failure, for the reagson that control
means prohibitive m1n1ng costs. :

Wholeedle liining, - Fholesale’m‘niﬁg has to be viewed entirely in terms
of the effects. of dilution, for no low-cost system can be worked without this
inevitable result, Due consideration must be given to the amount of dllutlon,
its effect on the mill feed, and vhat means, if any, can be used to overcome this
effect.- In order to determine the effect ‘of dilution on the value of the ore
mined, it is necessary to know the value of the ore and the value ‘and amount of
dilution. - Knowledge as to the value of the ore in the Alaska Juneau mine ha
been derived from muclt samples, moil samples, and mill returns; in addition to
‘the mill ‘returns.from normal operations, many tests have been made, not only oOn
ore from various parts of the mine but also from bands intervening between ore
.bands and from waste. All this accumulatlon of data is sufficient for the de-
termination of ore values, .and the conclusions arrived at are supported by actual .
returns; the mill feed and mill returns have confirmed absolutely what all data
indicated,

In the nelghboring Alaska Gaqtlneau pr0pertJ the mine and m111 operations
were based on two assumptions: (1) That the ore bands were "continuous and uni- \
form" and (2) that by a modified caving system of mining the stopes could be con-
fined to a.single ore band. Neither of these assumptions were correct, and the
combined effect of irregularly distributed values and inclusions of low-grade ma-
terlal and waste reduced the mill feed so that the recovery instead of being $1.50
per ton, as estimated, was but 82 cents per ton, 7 cents of which was in silver
and lead values, =N

The caving system adopted for mining the Alaska Juneau ore accepted dilu-
tion, and the new mill has been so rebuilt as to avoid having an excess of waste
rock submitted to the process of fine grinding at an excessive ball mill cost of {
40 cents per ton. The elimipation of waste is accomplished by sorting the ore
from the waste at advantageous points in the mill; 53 per cent of the rock tram-
med is.rejected, and the remaining 47 per cent is flne—mllled. The cost of sort-
ing and disposing of waste is abomt 6 cents per ton trammed and the final mill
feed has nearly twice the assay value .of the ore trammed. _ g '

In developing the mining system finally adopted, due consideration was \
€iven to all physical conditions surrounding the ore bodies.’ Full advantage was ) 1
taken of the fault system, consisting chiefly of Silver Bow fault, and Nugget -
Creek fault, and a number of subparallel sympathetic faults, all belng post- |
mineral. Sllve1 Bow fault cuts the ore at ‘a horizontal angle of 53°, completely '
severs all the ore bands, and divides the mine into two parts, locally called the - "
"north half" of the mine and the "south half" of the mine. Nugget Gylch is a
strike fault and for all practical purposes is the marker for the footwall of
the ore; its dip varies from 55 to 60°0. .On each fault plant there is a consider-
able amount of fault breccia which sloughs away readily when undercut. The sys-
tem as finally worked out consists of‘ )
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(1) Cutting out stopes of large arez, so ldcatqd that the fontwall of the
stope is one of the faults,. )

, (2) Dpiving raises from the back of the cut-out stope area,  through to
the next two levels above. '

(2) Driving mumerous powder drifts Irom and radial to these raises,

(4) Provision of bulldozing chambers for drawing ore out of the stopes
into the loading chutes Figure 1l.

The system of mininmg is.cavihg forced by firing charges in powder drifts
located over the back of the stopes. In preparing a stope, two parallel drifts
40 feet apart are advanced under the ground to be caved. From these loading
drifts chuté raisecs are extended 50 feet above to an intermediate level, wherec
the ore is to be drawn from the stope through bulldozing chambers, From the
bulldozing chambers a cut-out roisc at 38° is driven toward the hanging wall on
one side and to the footwall on the other side; thesc two are then connected by
a back cut-ont raise from each. The undercutting then begins by worlzing from
these raises; one raise.serves as a manvay in cutting out the rest in a receding
manner, Pillars, which between stopes are 80 feet wide, arc left wherever necded,
and in addition temporary pillars are frequently used to support a weak roof dur-
ing cutting-out work; these temporary pi.lars are shot out just before the stope
is brought into production. While the undercutting is being done, stope raises
about 100 feet apart are driven to the level above. The upper level is then used
as a supdly level and for means of access to the powder drifts below. From these
raises powder drifts are driven radially, usually being about 40 feet long with
not over 50 feet of burden. When the area is completely undercut, blasting be-
gins and the rock is ‘drawn through the tuilldozing chambers into the chutes telow,
It has been found by experience that to producc the best results from powder
drift blasting and caving, the stope should have a horizontal cut-out area of
not less than 50,000 square feet. Figures 2a, 2b, and 2c,

On the average, 12,000 feet of tunneling and raising and 46,000 square
feet of undercutting are completed in one year. No timber is required, as the
worlz 1s in either medium hard slates or dense gabbro.

STOPING

Powder Drift Blastipg. - Powder drifts or.coyote holes are driven from
stope raises cut over.the back of the stope; they are 4 by 3 feet in saction on
a grade of about 10°%to facilitate rmcking operations, These drifts are seldom

“over 60 feet long; where they excoed this lergth, the first half is made big
‘enough for a vncelbarrow, The muck from the last two rovnds is left in the
bottom as stemming for the powder charge. Ti.e nature of the ground, the dis-

" tance the rock will have to fall, and the position of the rpowder piles in rela~

"tion to the boundaries of the stope are the main factors in determining the
burden and the charge of exnlosives. The overage depth of ground placed on a
powder drift is 35 feet; this would require an average charge of 4,000 pounds of
40 per cent dynamite placed in two piles 35 or 40 feet apart., Three or four or
even five such piles meke upn an ordinary blast. As a rule only one series of
powder drifts on the same level in anyone stope is blasted at a time,
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The powder, a 1—1/4 by €& iunch 40 pex cent ammonia dymamite, is tcken
from the cases at a convenient place, uvsueliy at the top of the stope raise, and
transferred to canvas pacli-sacks in which it is carried down the raise to the
mouth of the povder drift. Here the sack is made fast to the middle of a long
rope and hauled into the face on a wooden slide; the empty sacks are returned
in the same manner., The cartridges are packed tightly agoinst the solid roclk,
caré being taken beforchand to remove all loose material. Prior to the comple-
tion of loading, double-countered Cordeau-Biclzford detonating fuse is laid from
pile to pile; each pile is then tamped for about 1° feet with fine rock stenming.

In some of the smaller blasts when the location is favorable, the load-
ing, tamping, and blasting are finished in one, shift, but for all large blasts
these operations require two shifts,

- The Bickford fuse is -detonated by No. 8 blasting caps and two 20 foot
lengths of single tape safety fuse., The fuse is spit in going off shift, and
immediately after the shot the blast doors are closed. ZEnough broken ore is
kept in the stopes to prevent any ill effects from air blasts due to caving;
there has not yet been any trouble from this source.

. Up to the ‘end of 1928, 313 blasts have been made using 1,632,950 pounds
of dynamite and averaging 20 tons of ore broken by each yound of explosive. Ia
stopes and pits, where the blasting is not accompanied by caving, 5.56 tons are
broken by a pound of explosive. '

Bulldozing. - Bulldozing is the local name applied to the operation of
delivering ore from the stope through the grizzly into the loading chute. The
. rock comes on to the grizzly through a raise called the draw, which slopes at

380 from the horizontal. Here the large pieces arfé blockholed with a Sullivan
DP-33 'drill using 7/8-inch hexagonal hollow steel. The holes are loaded with
1—1/4 Ty 8 inch 40 per cent ammonia dynamite and blasted with No. 6 caps, on
3-foot fuse; no stemming is provided. Mudcapping is resorted to only when the
boulder can not be drilled with safety and then the charge is limited to three
cartridges of explosive. Before firing, the "bulldozer" warns his neighbors
and turns on an air jet which acts as a warning to those at the loading chute
below if the chute!is empty. When a big rock hangs up in the raise above the
grizzly so that it \can not be barred down it is left for the "bulldoze boss" to
handle., If he coasiders it safe, ‘the rock is drilled with a CC-11 Ingersoll
~ Stoper; otherwise it is brought down with powder charges on long blasting poles.

The grizzly bars formerly were 12 by 14 inch fir timbers strengthened
. with 100-pound rails. For the last three years, however, a standard 15-inch
" 104-pound H beam 16 feet long has been satisfactorily used. The wide flange 1is
stiffened by cast-iron fillers spaced 4 feet on each of the center grizzlies
~and on ‘the inside of the side beams. A 13-inch channel inverted is riveted to
the top; besides adding strength, this channel also makes the spacing between
beams less at the top than at the bottom, which is desirable. The opening be-
tween the girders is 25 inches, Figures 3 ond 4. ‘
The beams slope 1-1/4 inches a foot (about 6°) and are set on concrete
foundations with the lower ends butting against solid rock. Wooden blocking,
to maintain the spacing, is wedged in between beams at poth ends, Ugually the

center girder, which gets most of the wear, will papdlel47,000 tons of rock
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before it needs replacing., Often a worn center beam will still do for a side,
or if bent too badly it can be cut into wearing plates for the loading chutes,

When the back of the drawhole from the stope wears so that rock drops
vertically onto the grizzly, the beams are reset in 2 position which is rela-
tively higher and farther away from the opening., The bottom of the draw then
fills in with fine material up to the angle of repose and the drawhole becomes
as good as new., The nature of the ground has a great deal to do with how soon
this grizzly charge is necessary; experience shows that over 250,000 tons are
handled before the change is needed.

The amount of povder for secondary breaking varies with the age of the
stope and the nature of the ground. During the first year of operation of a new
stope in hard, tough rock, 2,85 tons of rock per pound. of powder is not umusual,
while in the older slate stopes 5.26 tons per pound is ordinary. The average is
4.54 tons a pound of explosive consumed,

EXPLOSIVES

Two days supdly of powder is kept in the underground magazine. On the
surface two miles from the mine, 3,000 cases are always stored in a non-heated,
bullet, weather, and fire proof magazine. This magazine, located in compliance
vith the American Table of Distances, is constructed of weak cement mortar ac-
cording to the recommendations of the Institute of Mpkers of Explosives,

0f the total powder consumption 13 per cent is used in development head-
ings and stopepreparatory work; 16 per cent in stoping (the blasting of powder
drifts), and 71 per cent in secondary bresking or blockhwling, commonly called
bulldoz1ng. All drilling and blasting operations fall into one of these three
large groups. 5 .

UNDERGROUND TRANSPORTATION

After passing the grizzly, the ore falls into chute raises which hold
200 tons of ore each. From these raises it is drawn through the chutes, which
are equipped with an underslung arc-type gates, into the cars. The chute open-
ing is 6 feet long by 3 feet high. The bulldozing chambers and chutes are
spaced on 42-foot centers so that when a train is in the loading drift, every
third car is under a chute. Figurcs 5 and 6,

A 10-ton flat-bottomed box car is used in main haulage levels, and a
30-inch geuge track of 50-pound steel rail is used throughout the mine, except
where a 40-pound rail is used forsidings, .

The oyerhead trolley system is used in the haﬁlage level and the ore
is trammed to mill 2 miles distant in trains of 44 cars each by 18-ton articu-
lated Baldwin Westinghouse locomotives.

Storage-battery locomotlvas are used for development in advance of main
haulage work and also on the upper levels,
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.Nb mechanical mucking machines are used in tlie mine and there is prac-
tically no hand-tramming except in the small coyote drifts where wheelbarrows are
sometimes requlred for drifts vhich are 10ﬁge* tnan the averagee.

Powcr 1s_obta1ncq from the Alaskq Juneau Co.'s hydﬂoclectrlc plante.
‘There is also a standby steam-unit;‘hlch is used only in cages of emergency or
vater shortage. .The cost'per kw.h, for 1928 was .00439.

PERCENTAGE OF EXTRACTION

It is yet. too-early to estimate’the percentage of extraction, tut a total
extraction is expected in the northern half of the ore body plus a slight dilu-
tion from the lower—grade wall rock. A 'Small loss is expected on the southern
- ore body because of the pyramidal sections between the cone-shaped otOPBS which
it may not be economical to undercut and cave, This loss, plus the dilution,
was calculated before cormencenent of operations,

~ Yo sorting or-selective mlnlng is attergted undergrouna. Anprox1matelv
53 per cent of all ore is :discarded in the rmill by hand and mechqnlcal devices
; before it is .sent to the flne—grlﬁdlmg department

DETAILS OF DEVELOPMENT

_The various-sizes 'of openings are: haulags tunnels, 9 by 9 feet, main

- levels, 7 by 7-feet; intermediate levels, 7 by 5 feet;. powder drifts, 4 by 3

-~ feet; orevay ralses,, by 9 feet; cut out raises, 6 by 6 feet; stope raises,
-5 by 5 feet; and stope ¢ut out; 7 feet high. . .

: Machlnes in use on this work are.the medium weight wet leymer type

drifters, using the anvil block, and medium weight, hand-rotated stopers. The

Leyner dr111 1s used for all work oxcept that in small, steep raises., The steel \
used is 1—1/8—1nch hexagonal, hollow for drifters and 1-1 /4—1nch cruciform and \
1-inch quarter octagon for stopers., Tho standard cross bit with single 14—1/2°

“taper:is employed with 1/4—1ncn change in gange for each 20-inch change in \
“length. ' g J

: : Rounds ‘are drilled with from 8 to 24 holes, uouallJ not over 6-1/2 feet
long. The center pyramid cut is customary and is blasted first, then the rest \
of the round is loaded and blasted. A 40 per cent arronia dJnamlte in a 1—1/4 \
by 8 inch cartridge has,been adopted for 2ll work; no stemming is prov1ded. No. \
8 blasting caps and single tape safety fuse constitute the detonating agents. |
The average advance on all headings is 2.64 feet a machine a shift. In stope Co
. cut out work the average area covéred during each machine snlft 1s 38,54 square
feet; thls area is taken out.to a height of 7 feet

WAGE COWTRACT AND BONUS SYSTEMS EMPLOYED

Bulld021ng, loadlng, ‘and trammlng, and all mine developnent as well as
preparatory mining work, is done by contract. The wages paid out to the con-
tractor and his laborers amounts to 75 per cent of the total underground payroll,
Briefly mentioned, some of the features that have made the contract system suc-
cessful, are:

6477 - 10 -
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The guarantce of a reasonable base wage for contractor and men.

The division of all 'excess earnings or bonus after a certain stipulated

3 ] . e .
amount among contractor and contractor's employces& share and share alike, in

aqcordance with the number of shifts worked.
The close supervision of work and the prompt adjustment of price when
Justified by changed conditions.

The careful selection of men for contractors, and the prompt elimination
of such contractors as are unable to earn more than base wages at a reasonable
contract price.

The withholding of a small amount of garnings as retained pay. This is
usually retained when contractors! earnings are good. This retained pay may be
forfeited by the contractors for unsatisfactery work or failure to complete the

contract satisfactorily. I¢ has seldom been necessary to forfeit the contractors!

retained pay on account of poor work.

The furnishing of good equipment and 1ts maintenance in good condltlon,
with plentv of steel and good air pressurc.

Maintaining the same price for explosives regardless of market change.

. The inclusion of two or more working faces in the same contract whenever
practicdble to obtain more nearly average drilling and breaking conditionse.

_ The bulldozing and tramming contract as handled at present guarantees
a good base wage to contractor and men, with a graduated bonus-to all when ton-
nage excteeds a certain arount. This contract is really more of a bonus system
than a contract, but the working conditions are such, and so many men working
in different parts of the mine are included in this contract, that it is not
practicable to make it as firm a ccntract as in tlee case of development work.

In connection with and on account of the other contract and bonus work,
the company pays a bonus to all employees who are not in the development or
bulldozing and tramming contracts. This bonus is based on tons per man per day
and payable on the twentieth of ‘the month to ermloyees who worked 26 days in the
preceding month. It has Teen necessary to adjust the bonue rate from time to
time owing to changed conditions. This bonus is based on the theory that at
those times of the year when help is scarce and the plant may be somewhat under-
manned, the erployees who do stay will automatically receive an increase in pay.

OUTLINE orF EAnLY MIJE—DEVELOPMENT CONTRACTS

Gold Creek tunnel was started in August, 1911, and finished in August,
1913, during which time it was driven 6,538 feet, The tunnel was driven 9 feet
high and 7 feet wide at a total cost of $20.49 ‘per foot.

For the first few months, straight dally Wages were paid the men. How-
ever, in Jamwary, 1910, a bonus was added wh1ch for several montns amounted to
$3.50 per shift per man.

6477 ] 7] e
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Phe bonus system was as follows: The nonth was divided into three periods
on which bonus was paidj only those men who worked during a cormplete period were
entitled to the bonus earned during that period. The bormus started at 180 feet
at the rate of $5 for every foot, over 180 up to and including 240 feet, For
every foot over 240 feet made durlnw the montn, the bonus was $10 per foot. The
bonus was prorated among 21l the men according to the number of shifts worked.
The base rates paid in 1912 are as follows:

Per shift
Foremen . $5.00
Machkine men 3450
Maclkine men helpers 3eR5
Muckers . 3400
Biacksmith . 4,50
B. S, Helper . . 3,00
Trarmers 3.00

|

The driving of 450 Oreway Raise in 1915 was probably the next contract
Jjob.in the mine, The first set of contractors made 17 feet and then gave it up,
The second group finished the raise for a sllgntly higher price per foot but
made less than wagos for themselves. The prices were as follows:

First set (cancelled) . Sccond set
First 200 ft, - - - - $6,00 per ft, First 100 ft. - - - - $8.50 per ft.
200 - 300 ft, - - - - 6.50 " ¥ 100 = 200 ft. - - -~ - 9,00
300 - 400 £4s = = = = 7400 : M. _:W. 1200 - 300 ft, - ~ - = 9,50 "
400 - 580 ft, - - - = 7,50 " W . . 300 - 400 ft, - - - - 10,00 "
. 400 ~ 580 ft, — - - - 1050 " "

Labor vwas $4.50 per day, powdef $6 per casec, and primers'B cents each.

Two stope raises in 402 Stope were centracted for in August, 1915, for
a price of $6.per foot. Then in A,ril, 1916, the south portal of No. 3 Tunnel
was driven 9 by 9 feet for a contract price of $9.50 per foot. Up to this time
no provisions were made regarding maximum or minirmm earnings. In a contract
October, 1916, let for the widening of No. 3 Tunnel for $5.50 per foot a maxi-
mum earning of $250 per month and a guaranteed minimum of $5 per day was agreed
upon. The surplus over $250 remained with the company. Lgbor at that time was
$3.50 per day and powder $7 per case.

From 1918 to date nearly every heading has been advanced by contract
worke Up until June, 1922, no maximum rate was providedfor, but at this time
it was agreed that anything over $11 per day remained with the company. In
November, 1922, it was provided that the surplus over $11 per day be divided
among the contractor and his men according to the number of shifts worked. Up
. to this time it was customary to deduct 25 per cent of the contractors! earn-
ings each month. This was later changed so that the whole amount retained
rarely exceeds'$150‘per contractor, depending on the length of the jobs -

A wage scale without bonus for the various years follows:
\ -

YL | L
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1915 1918 3.920 1922 1924 1926 1928 ,

Shift boss - - - - $ 5.00 $5.50 $ 5.50 $5.50 $ 6.00 $ 6.50 $ 7.00 \
Blacksmith - - - - 5,00 6.00 5.00 5.00 6.50 - 5.50 5450
Steel sharpener - - 4.00 4,50 5.00 5,00 5.00 5,00 5.00
Timberman - - - - - 4,00 4,50 4,50 5.00 5.25 5425 5.50
Trackmen - - - - - 3,50 4,00 4,50 4,50 - 4,50 4,50 4,50
Pipemen - - = - - = 3¢50 4.50 4,50 4,50 4.50 5.00 5450
Hoistmen - =:'=.= = 3,50 4,00 4,00 4,00 4,00 4,50 4,50
Machinemen - - - - 3,50 . 4,50 5.00 5,00 5.00 5,50 5.50
Contr, rucker - - —= 3,00 4,50 . 4,50 4,50 5.00 5.00 5,00
Loeborer - -~ -« -.— - 3,00 3,50 = 4,00 4.25 4,00- 4,00- 4,00-
- 4,50 4.50 4,75
Bulldozer = w1 = = - 4,50 ' 5,00 5.00 5.25 5.25 6.00
TO8A8F « = = = & » = 4,00 4,25 4,50 4,75 4,75 5,00

PRESENT MINE-DEVELOPMENT' CONTRACTS

Contract work in mine development such as driving a 500-foot drift is
handled in the following manner: A call for bids on the worlz may be posted, the
corpany reserving the right to reject any or all bids. When o bid is finally
accepted, a contract is drawn up and signed by both parties. The nrice per foot
may be the same for the whole distance, or it may increase every so often as the
distance from the face to the dump increases. The general nature of the ground
is usu~lly known. For short pieces of work bids are not always called for, but
a certain miner is chosen and a price is set, '

The contract price is so ruch a linear foct; out of this amount the con-
tractor pays for his direct labor, including liability insurance, and for his
explosives, The explosives are bought from the company at the rate of $9 a case
for powder and 8 cents eanch for primers. ' '

The contractors! labor consists of machinemen, rmclkers, and a steel-
nipper. Aside from direct labor and explosives, the corpany supplies everything,
including tools, corpressed air, steel, pipe, track, etc. On the average the
contract price for explosives and direct labor amounts to 60 per cent of the
total cost of driving headings.

_ The contract price of headihgs of the same cross section varies with the
hardness of the ground, length, accessibility, ventilation, etc. No- timber is
required, as all work is done in gabbro or medium-hard slates. The present prices
run as follows: ' ' '

$12.50 to $14.50

Main Naulageways - - - = - = 9 x 9 ft. - - -

Drifts and crosscuts - - - - 7 x5 ft, - - - 7,00 to 8.50
Powder drifts - - = - - - - 4 x 3fte - -~ 5,50 to  6.50
Stope raises - - - - - - - = 5x5 ftye - -~ 6.50 to 8.50
Oreway raises - - - - - |- = 7x - 10.00 to 12.00

7 ft. - -

Stope cut-outs which are 7 feet high are also done on contract. The
price varies from 35 to 40.cents per square foot slope measurement. Liability
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insurance is figﬁréd at 3 per cent of the total labor naid, iacluding the con-
tractor himself, who is.rated at.$5 50 per day.

It is customary to bring the contractors' earnings up to $6 per day by,
advan01ng the neceSEarv aJount /hlch 0ay‘ be’ dedacted from future earnings., When-
ever his earn1ngs per 'SHift excéed $11 the surplus amount is divided between con-
tractors and- laborers ml1ke accbrdlrb to the nurber of enlfts worked.

BULLDOZIHG LOADI{G AND HAULING COJTRACT

The easentlal *ork of ore production, which-includes bulldozing, loading,
and h%ullng, is donc by contract., The early contracts were short lived, but in
1919 a new contract waa agreed Upon which, by rmodifications made from time to
tlnu, has develoved Lato the CXlotl g arrangement, The 1919 contract ;rovided
for a qument of 13 cents per ton of ore bulldozed, loaded, and hauled to the
mill, The co tractors 3rov1ded all labor and explosives, and liability insur-
ance; the co*pan" provided all else. Hauling was then, and is yet, handled as a
subcontract under the main contract. . Contractors on tilldozing and loading were
limited to $8 per shift, and all txclr earnings in excess were prorated among
the men and contractors according tc the murber of shifts worked; all earnings
over $10 per shift for contractors, $7 per shift for bulldozers, $7 per shift
for chute punchers, $5.50 for loaders, and $4.75 for cleanup men were to be
held as retained pay to be distributed in future months when the earnings fell
below the schedule. The subcontractors on tramming were guaranteed $7 per shift,
and earnings in excess of this amount were to be d1v1dud between the contractors
ond their men on the basis of shifts worked. It was further plov1ded that men
qu1tt1‘1b during the nonth were to be paid at the base rate of 36 for contractors,
$5.25 for bulldozers, and $4.75 for loaders. This provision was incorporated
into the contract as an inducement for men to stay on the job, as at that time
there was a shortage of labor. . In 1923 it was agreéd that if at the end of six
rionths there was any retained pay that had not been absorbed in making wp defic-
iencies as provided for, it would be distributed among all men in the mine work-
ing on straight day's pay and prorated ariong them on the basis of shifts worked;
however, to participate in this distribution or btomus a man must have worked
an average of 26 shifts per month for four months previous to the time of pay-

ment. In 1924 the dlstrlbutlon of the bonus was put on a monthly bvasis, with

the same 26 days work,not including overtime, as’a qualifications However, any
man incapacitated by accident received the bonus for the time ne did worl: even
though that time was less than 26 days. Men paid by the day were given the
benefit of the bonus on the theory that they, the timbermen, trackmen, pipemen,
etc., by efficient work contributed to the efficiency of the contractors. Later
the timbermen's wages were charged directly to the contract because their worl
consists chiefly of chute repairs, the amount of waich depends on the loaderts
care in handling chutes,

" In 1928 the rate. for bulldézing, loading, and hauling was increased from
13 to 14 cents per ton, and the oaSe Vage increased as follows'

$7.50° for  contractors’ -
6.25 " chute punchers
. 6,00 "™  bulldozers
5,000 "  loaders
‘5,00 % motormen
4,7 "  cleanuwp men
6477 - 14 -
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This list gives an outllne of the alteratfons in the original contracts
made neceu%arJ by changing conditions., It also shows how the first contract,
all the earnings of which were paid to a fow, grew into a basefrate«plus;bonus
syater: for all men employed on the contract,

A great many factors operate %o change conditions so that it ls neces-
sary to alter the contract from time to time. Some of these factors follow:

The weather affects the flow of rock in the South ore body., Too much
raln caouses loading troubles, whereas a continued dry spell slows up bulldozing.
Occasionally a cold winter will cause rmuck in low-drawn pits to freeze. WNorth
ore body muck generally runs more freely above the grizzly than that from the
South due to its more slaty nature., Rock in 400 Stone, for instance, could be
handled much more cheaply than South ore, 014 stopes are generally more pro-
ductive than new ones. Gabbro ore does not run as freely as slate ore. In the
South ore body with its long oreways below the grizzly the rock becomes well
broken so that the cars can be loaded to capacity. In the Worth frequently a
car maqt be. Joaded 11phb on account of large slabs, ‘

At the end of each month the contract is credited with 14 cents per ton
trarmed out of the mine, From this amount is-taken the cost of explosives and
all direct labor, including the contractors, all at base rates., The balance, if
any, is available for bonus and is divided emong the contractor's entire crew
in proportion to a ceftain: maxirmm bonus rate per shift, If after this first
‘bonus has heen declared there is still a surplus, it -is divided so that every-
one, including the contractor, receives the same amount per shift.  If the con-

~bract fails to n&ke’wage“ at base rated, the amount advanced to enable it to do
'80 ' may. be deducted ‘from Puture earnlngb.' The -men who leave during the month

are pald at their bage rates, .

Txplosives are sold and delivered by the uomvanJ as follows: 40 pel cent
Red Oross powder at $9 per .case e; 3-fool Urlmcrs with No¢ 6 Cap at 80-cents each.

Contract 58-A, which is a. subcontract for the bra msportation of ore from

the mine to the mill, i& charg ed ) cont ract 100, The tralnmen are pald $5 per
&ay and recelve a bonus of 5O cents per &ay Whenever contract 100 earns a a bonus.,

Llabllluy insurdnce on contract 100 amounts bo 3 per cent of the total
Labor at Ybase rates, including contract 58-A. It is.charged to the contract
vwhenever there is a surnLuo @vailable for bonus, exceeding the insurance by

| -'-$1 oog, ‘.

Bull&oze COﬁtzactors averase . e@rnings ner da;, 1925 - l9 8, inclusive.

Year Earnings Tons mined per day Percentagze froa North ore bady
1923 $9,10 6,860 7D 5
1924 9,88 8,476 63,4
1925 9.16 9,618 3.2
1926 8,17 10,879 4B 4
L1927 .8.%4 ' 11,790 22,0
1928 7,29 10,243 * 6.4
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The contract system has proved-highly satisfactory. The men make better
vages and the unit costs are less than they would be under straight day's pay.
Supervision is reduced to a minimum, and the inclusion of day's-pay employees
into the contracts indirectly, through a share of the earnings, swings them
into the contractors! stride. The general result is an esprit de corps and a
genuine interest in the work on the part of the underground crew.

VENTILATION

The mine is ventilated by natural draft stimulated in two Places;by |
Ventura fans of 60-inch diamcter. Raises and crosscuts are driven solely for
ventilation as required, ' 4

By means of ventilation and blast doors, gasses from blasting‘find a
ready exit to the surface without polluting cther portioas of the mine. The
ventilation is so good that after a shot of 200 cases of powder, one can safely
venture to that locality within eight hours.

FIRE HAZARDS
There are practically no fire hLazards in the mine. Timber is used only
in the ore chutes and No. 4 main haulage level and in places where ground is
heavy because of the promimity of fault plane. 4s timbers on this level fail
they are being replaced by steel sections.

TETY METHODS AND FIRST-AID ORGANIZATION

First-aid training is considered impbrtant by the management, and a first-

class safety enginecr is employed. Local instruction is given to the men in both
first-aid and helmet work, and as far as possible the first-aid spirit is in- -
stilled into the organization, with the result that the accident rate is excep—
tionally low. :

FORM OF ADMINISTRATIVE ORGANIZATIONi_

An organization chart is maintained to define thé’authority and duties
of every one in the organization; this chart shows not only lines of authority,
but lines of cooperation as well.

Instructions from the managomeot to superintendents and foremen or to
other ‘members of the staff are usually preceded by a discussion or conference.
At such a conference the hlghest in authorlty should be a leader in thought.:

As most of the work is done by contractors, the number of foremen and

shift bosses is reduced to a minimum. During 1928 the total number was five
‘per day, or an average of 55—1/2 men underground to oné boss.
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SUMMARY OF CCSTS

Tons of ore trammed'dﬁring period! 3,670,910 : Period. covered: 1928

Mining method: Sublevel caving

Underground costs per ton of ore trammed

Labor. Power Explosives Other ‘ Total
"~ | Costs Supplies
Development;
Inore - - - - [.0375 | .0035 0095 .0106 0611
In rock - - - - | - 2 = = -
Mialss s s o= oo .0016 | .0000 .0069 ,0005 - | . .0090
Bulldozing = = = = = = « 0601 .0019 .0430 L0079 | .1129
Transportation - - - - -|.0811 50035 - .0290 .1136
R (underground) :
Potal - - - - - - - - - .83 | ..0089 | .0594 .0480 .2966
] v g
| ,
\
|
I
. |
!
.v T
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SUMMARY OF MINING CCSTS I UNITS OF LABOR, POWER AND SUPPLIES

Tons trammed: 5,670,910

A. Labor {men hours ver tozn): Underground
crev

All labor chaiged
to mianing

Development - - - - - = - - - L350 048
Stoping - - - = = = = = = - = 001 .003
Bulldezing = = == - % = = = = (64 - 083
Tramming - - - + =i -~ = 064 132
Bodad o = = = 2k o B o e 55 - .159 V256
" Tous per man per shift_f_gJQ,*-" 50.10 30.10
Tons'par man per shift on surface | x
cuargeable to unlerground - - - - 5.4
% || ‘
B. Pover and supplies: |
Explosives, pounds per ton:
DOvelEpment ~.5 S S e - .06
Stoping - = = = = = = = = - = <05
Bulldozing - - - - - - Pl = = «29
: e 40
Power, lw.h. per ton - - e 1.61
Other supplies in vercentage of total supplies and
povier 48,9

Supplies and power, percentage of total cost - - - 19.17%

C. Percentage of Total Cost:

Development = ~ = = = = = = = = 20.5%
Mining - = = = = = = = = = - = - 79,415
100.0
6477 - 1(3 —
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