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To Gull, tv foil, it 77 (it? conce77. 
Be it known that I, LOUISE. MILLER, a citi 

Zen of the United States, residing at Dawson, 
Canada, have invented certain new and use 

5 ful Improvements in Processes of Mining in 
Frozen Ground; and I do hereby declare the 
following to be a full, clear, and exact de 
scription of the invention, such as will enable 
others skilled in the art to which it apper 

Io tains to make and use the same. 
My invention is an improvement in proc 

esses of mining in frozen ground; and it con 
sists in the novel features hereinafter de 
scribed, reference being had to the accom 

I5 panying drawings, which illustrate two forms 
of apparatus which I have contemplated using 
in carrying out my innproved process; and my 
invention is fully disclosed in the following 
description and claims. 

Referring to the drawings, Figure 1 repre 
sents a sectional view of a mining shaft and 
drift, showing one form of apparatus for car 
rying out my improved process. Fig. 2 is a 
sectional view, on an enlarged scale, of a steam 

25 ejector shown in Fig. 1. Fig. 3 is a view simi 
lar to Fig. 1, showing a modified form of ap 
paratus for carrying out my process; and Fig. 
4 is an enlarged sectional view of a steam 
ejector nozzle shown in Fig. 3. 
This application is a division of my former 

application, Serial No. 718,549, filed in the 
United States Patent Office May 27, 1899. 
In certain parts of North America where 

mining operations are carried on, principally 
35 for gold and other precious metals, the ground 

is frozen to a great depth, and it is impossi 
ble to mine such frozen ground economically 
by ordinary methods. 
The object of my invention is to provide a 

4o process for sinking a vertical shaft to the bed 
rock, above which the pay streak or strata con 
taining the precious metals are usually lo 
cated, and for running drifts laterally from 
said shaft above the bed-rock and removing 

45 the gravel and earth containing the precious 
metals. In carrying out my process I form a 
sump or pocket for containing a small pool of 
water, and I convey steam from the surface 

of the ground into the shaft or drift, cause it 
to act upon the water in the sump or pocket 5o 
to heat portions of the same to a consider 
able temperature, and force it with high speed 
and force against the frozen ground, thereby 
melting the frost therein and disintegrating 
the ground. The solid material is then re- 55 
moved by means of a bucket or other suitable 
conveyer and conveyed to the surface, while 
the water returns to the sump. I thus estab 
lish a circulation of the water within the shaft 
or mine and use the same water over and over 
again without removing it from the mine ex 
cept when the amount of water becomes aug 
mented by the condensation of steam and the 
melting of the frost in the ground to such an 
extent as may require a portion of the water 65 
to be drawn off at suitable intervals to pre 
vent the mine from becoming so full of water 
as to inconvenience the operators working 
therein. 
In the form of apparatus for carrying out 7o 

my process which I have illustrated in Fig. 1, 
A represents a vertical shaft which has been 
sunk through the frozen ground, and A' A' 
represent the lateral drifts above the bed 
rock B. In Fig. 1 the mine is shown as hav- 75 
ing been sunk to the bed-rock and the appa 
ratus hereinafter described is being employed 
in removing the pay-gravel from the drift, 
the material being removed by means of a 
bucket C and windlass C", as shown in the 
drawings, or other suitable form of conveyer. 
The pool of water may be contained in a sump 
b, blasted out of the bed-rock, as shown, or 
where the bed-rock is inclined a pocket may 
be formed in one of the drifts to contain wa- 85 
ter for carrying out my process, as indicated 
at b' in Fig. 1. D represents a steam-gener 
ating boiler located above the surface of the 
ground and provided with a steam-supply 
pipe d, which extends down into the mine, 9o 
where it is provided adjacent to its lower end 
with a cut-off cock d", by means of which the 
supply of steam can be controlled. E repre 
sents an ejector which I employ in this form 
of apparatus for imparting heat and motion 95 
to the water in the pool. This ejector is shown 
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in detail in Fig. 2. E represents the main 
body of the ejector, which is hollow and pref 
erably substantially spherical in form. It is 
provided with two opposite threaded aper 
tures e e' and with means for admitting water 
to its interior, consisting in this instance of a 
series of apertures e. E' represents the steam 
or jet tube, which is externally threaded and 
is screwed into the aperture e, se that it can be 
adjusted longitudinally in said aperture by 
rotating it, and e is a jam-nut surrounding 
said steam or jet tube for securing it rigidly 
in its adjusted position. The tube E is pro 
vided with a longitudinal passage, which de 
creases in size from its outer end to a point 
adjacent to its inner end, (indicated at e,) 
from which point the said passage widensab 
ruptly to the inner end of the tube. E° rep 
resents the discharge-tube of the ejector, 
which has a portion extending into the hol 
low body E in line with the steam or jet tube 
E", said portion being externally threaded 
and screwed into the aperture e' of the hol 
low body, as shown. The tube E°is provided 
With a longitudinal passage, which at the in 
ner end of the tube is of considerably greater 
diameter than that of the jet-tube at its in 
ner end and decreases rapidly in size to a 
point indicated at e, from which said passage 
increases in diameter to a point e, adjacent 
to its outer end, and then widens rapidly to 
the outer end of the discharge-tube, as shown. 
The outer end of the discharge-tube E° is pro 
vided externally with threads, as shown at 
e', which are adapted to receive a standard 
pipe-coupling of the proper size. 
When the stream of heated water is de 

signed to be discharged close to the ejector, 
... I provide the discharge-tube with a short noz 

45 

50 

55 

zle E9, as shown in Fig. 2. This nozzle is 
provided with a screw coupling-ring e, by 
means of which it is attached to the discharge 
tube E°. The nozzle is provided with an in 
ternal passage, the rear portion of which is 
of the same diameter as the outlet of the dis 
charge-tube E°, the outer portion of said pas 
sage being contracted, as shown at e. 
E represents a supporting disk or wheel 

provided with a central aperture, which en 
gages the steam or jet tube E'. The object 
of this disk is to hold the main body of the 
ejector above the bottom of the sump or pool 
to prevent gravel and sediment from entering 
the same and also to incline the nozzle Ein 
a downward direction, so as to cause it to 
eject the Water against the sides of the sump 
when said nozzle is used. The jet-tube Eis 
connected with the steam-pipe through the 
valved by means of a pipe d° and elbow d. 
In digging a vertical shaft through frozen 

ground a sump or pocket is formed to contain 
the amount of water necessary to submerge 
the ejector E, which is connected with the 
steam-boiler, as heretofore described, and 
steam is then admitted to the ejector. The 
steam passing in through the jet-tube Econ 

denses, forming a partial vacuum, which 
draws water into the hollow main body. The 
wateris heated by contact with the steam, and 
the heated water is discharged through the 
discharge-tube E° and nozzle E8 with great. 
force against the sides of the sump or pocket, 
melting the ice in the frozen ground and dis 
integrating the soil, which is removed by 
shovels. By continually manipulating the 
ejector so as to direct the heated stream of 
water against different portions of the sides 
of the pockets and removing the soil as fast 
as it is loosened up the shaft can be sunk Very 
rapidly to the bed-rock, after which the bed 
rock will be provided with a sump, as indi 
cated at b, to contain the pool of water, or the 
water may be allowed to collect at the lowest 
point of the shaft or a drift thereof, as indi 
cated at b', if the formation of the bed-rock 
favors such a plan. In excavating lateral 
drifts the nozzle E will be removed from 
the discharge-tube E, and a length of hose 
F will be attached by means of an ordinary 
coupling f, as indicated in Fig. 1, the hose 

75 

F being provided with a discharge-nozzle f' 
to direct the current of heated water against 
the sides of the drift. 
The jet or steam tube E' is capable of ad 

justment longitudinally toward and from the 
discharge-tube E°, as before stated, and this 
adjustment enables the operator to control 
the speed or velocity of the stream of water 
and also its temperature. By adjusting the 
jet-tube closer to the discharge-tube a smaller 
a mount of water will be taken into the dis 
charge-tube in proportion to the steam used, 

95 

IOO 

and the water will be delivered, in conse 
quence, with greater velocity and at a higher 
temperature. By adjusting the steam or jet 
tube outwardly a greater annount of water 
will be taken in between the jet-tube and the 
discharge-tube, with the result that the stream 
of water discharged will be at a lower tem 
perature and delivered with less velocity. 
It is important that the operator should be 
thus enabled to regulate the temperature of 
the stream discharged, as I find that in using 
a stream at too high a temperature a mist or 
fog is produced in the mine, which interferes 
with the operators, while no fog is produced 
if the water is not above a certain tempera 
ture. It will be understood that the solid 
material thus softened and disintegrated will 
be filled into buckets and elevated to the sur 
face of the ground for suitable treatment to 
remove the precious metal, while the Water 
will return to the sump or pool and is used 
over and over again, the Water giving up its 
heatin melting the frozen ground and return 
ing cold to the pool. In my process the Wa 
ter is not taken out of the mine ordinarily. 
Owing to the melting of the ice in the frozen 
soil and the condensation of the steam it oc 
casionally becomes necessary to remove a por 
tion of the water from the pool to prevent it 
from extending over the bottom of the mine. 
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This can be conveniently done by providing 
the discharge-pipe of the ejector with a hose 
(not shown) similar to the hose F, long enough 
to extend to the top of the mine, and blowing 
out a portion of the water by means of the 
steam passing through the ejector, or the wa 
ter may be removed at intervals in any other 

In Fig. 3 I have illustrated a modified form 
of apparatus for carrying out my process, 
which is adapted particularly for use in op 
erating in drifts at a considerable distance 
from the slump or pool. In this drawing, A 
represents the vertical shaft, AA, the horizon 
tal drifts, and B' the bed-rock, provided with 
a sump b or a pocket b' to contain the water. 
C° represents the hoisting-bucket, and C8 the 
windlass. D' represents the boiler, and d. 
the steam-supply pipe leading down into the 
mine, which pipe will preferably be covered 
with asbestos or other non-conducting cover 
ing, as indicated in the drawing. At the bot 
tom of the shaft I provide a steam vacuum 
pump of any of the well-known types of these 
devices in which water is drawn from a sup 
ply and forced out by the direct action of a 
current of Steam. In the present instance I 
have illustrated at G a vacuum-pump which 
is known as the “pulsometer;' but I may use 
other forms of steam vacuum-pumps. The 
construction of these steam vacuum-pumps 
being well known, I will not particularly de 
scribe the construction of the same, merely 
Stating that the steam is brought into con 
tact with the Water and not only forces it out 
of the pump, but imparts to it a certain amount 
of heat from the steam. A pipe g extends 
from the pump G to the sump or other cavity 
containing the pool of water, and a hose His 
connected with the pump G for delivering the 
stream of partially-heated water under the 
pressure produced by the action of the pump. 
The outer end of the hose His provided with 
an improved ejector-nozzle I. (Illustrated in 
detail in Fig. 4.) This nozzle comprises the 
main body I, one end of which is adapted to 
be engaged by the hose-coupling on the outer 
end of the hose H, and the other end is pro 
vided with a tapering discharge-tube I'', the 
smaller end of which is provided with a 
Smaller tapering tube I'', having a reduced 
discharge-aperture i. I prefer to make this 
noZZle I in sections in the manner shown in 
Fig. 4 to facilitate the construction and as 
Sembling of the parts. The interior of the 
lmain body I is provided with a steam-com 
partment it, provided with a steam-inlet pas 
sage i, extending through a threaded nipple 
l, projecting from the casing I. The com 
partment it is provided with a threaded aper 
ture in line with the axis of the nozzle, into 
which is screwed a steam or jet tube I, which 
has a longitudinal passage therethrough, ter 
minating in a reduced delivery-aperture at 
Some little distance from the discharge-aper 
ture of the nozzle. The nipple is connected 
by a pipe I (see Fig. 3) with the steam-sup 

ply pipe d', so that live steam under the ini 
tial boiler-pressure is admitted into the noz 
zle and discharged from the jet-tube into the 
stream of partially-heated water which is be 
ing forced through the nozzle by the steam 
vacuum-pump, and the live steam is thus ad 
mitted to the water immediately before it 
leaves the nozzle. The water being already 
under motion and partially heated by reason 
of the action of the steam vacuum-pump is 
discharged from the nozzle in a highly-heated 
condition and with great force, and thus rap 
idly melts and disintegrates the frozen earth. 
The earth is then removed, as before de 
scribed, and the water returns to the sump or 
pool to be used over again. 
The steam-supply pipe I, leading to the noz 

zle I, is provided with a controlling-valve i, 
by means of which the operator can control 
the supply of steam, and thus regulate the 
temperature of the stream of Water discharged 
to prevent the formation of a mistor fog within 
the mine. I also provide the steam-pump G 
with a hose or pipe H", leading to the surface 
of the ground, as shown, said pipe being pro 
vided with a valve h", and the pipe FI, leading 
to the nozzle I, is also provided with a similar 
valve h. By closing the valve h and opening 
valve h' the surplus water in the sump or 
pool can be forced out of the mine at inter 
vals when necessary. 
What I claim, and desire to secure by Let 

ters Patent, is 
1. The herein-described process of mining 

in frozen ground which consists in forming a 
pool of water in the shaft or mine, conveying 
steam into the shaft or mine and bringing it 
in contact with the water from said pool to 
heat the water and force it into contact With 
the frozen soil, to disintegrate it, conducting 
the water back to said pool and removing the 
disintegrated soil, whereby a circulation of 
the water is established within the shaft or 
mine and the continuous raising of the Water 
to the surface of the ground is obviated, sub 
stantially as described. . 

2. The herein-described process of mining 
in frozen ground which consists in forming a 
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sump or depression in the shaft or mine to 
contain a pool of water, conveying steam to 
the bottom of the shaft or mine, mingling the 
steam with the water from the pool to heat it, 
forcing said heated water into contact with 
the frozen soil, to disintegrate the soil, con 
veying the water back into the sump or de 
pression, and removing the disintegrated soil 
from the shaft, or mine, whereby a circulation 
of the water is established within the shaft 
or mine, and the continuous raising of the 
water to the surface of the ground is obvi 
ated, substantially as described. 

3. The herein-described process of mining 
in frozen ground which consists in forming a 
sump or depression in the shaft or mine to 
contain a pool of water, conveying steam to 
the bottom of the shaft or mine, drawing the 
water from the pool and forcing it into con 
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tact with the frozen soil to disintegrate it, ad- the ground is obviated, substantially as de 
mitting steam into the water immediately be- scribed. o 
fore it is discharged against the frozen soil, In testimony whereof I affix my signature 
conducting the water back to the sump or de-in the presence of two witnesses. 
pression, and removing the disintegrated soil, LOUIS E. MILLER. 
whereby a circulation of the water is estab- Witnesses: 
lished within the shaft or mine and the con- ROBT. W. TAYLOR, 
tinuous raising of the water to the surface of R. D. MCELROY. 

  


