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` The present invention relates to apparatus for 
making bore holes and more particularly has 
reference to apparatus for melting the earth 
strata or rock in which the bore hole is to be 

5 -formed and either removing the kmolten mass or 

20 

25 

30 

35 

45 

50 

55 

forcing it into the surrounding material to form 
a bore hole. 
An object of this invention is to provide an 

apparatus for applying an intense heat to the 
material in which the bore hole is to be made. 
Another object of the invention is to providey 

an apparatus for applying an intense heat to the 
material in which the bore hole is to be formed 
and for enclosing the point of application of the 
heat to maintain thevmaterial which is melted 
under pressure. 
Yet another object of the invention is to pro 

vide apparatus for making bore holes by melting 
the material in which the- bore hole is to be 
formed, which includes means for continuously 
or intermittently removing slag from the bore 
hole. ‘ 

Still another object of the invention is to pro 
vide on the top of the bore hole a pressure-re 
sisting chamber from which the bore hole ex-V 
tends downward. « 
A further object is to provide means for lift-` 

ing and lowering the electrical heating conduc 
tors and a slag exhaust tube through the cover 
of the pressure-resisting chamber at the top of 
the bore hole. 
With these and other important objects in 

view, which may be incident to bur improve-L 
ments, the invention resides in the parts andvv 
combinations to be hereinafter set forth and 
claimed, with the understanding that the several 
necessary elements comprising our invention may 
be varied in construction, proportions and ar 
rangement, without departing from the spirit and 
scope of the appended claims. 

Broadly, the present invention comprises ar 
ranging a pressure-resisting chamber over the 
earth or other material in which the bore hole y 
is to be formed. Through the top of this cham 
ber extend conductors for conveying electric en 
ergy to the electrodes or heating elements for 
applying heat to melt the material in which the 
bore hole is to be formed. These conductors may 
be lowered through the top of the chamber as 
the bore progresses downwardly. A tube is pro 
vided which may be lowered similarly to the 
electrical conductors, so that its lower end will 
be in the molten material. The upper end of this 
tube is connected to reservoirs in which slag may 
'be separated from the gases. Other means are 

provided for vpurifying the partially separated 
gases and returning them to the bore hole di 
rectly or through the slag removing tube. It is 
also contemplated to reinforce the material sur- » 
rounding the upper portion of the bore hole to 
permit the desired pressures to be maintained 
in the hole. 
In order to make our invention more clearly 

understood, we have shown in the accompanying 
‘ drawings means for carrying the same into prac# 
tical effect without limiting the improvements in 
their useful applications to the particular con» 
structions which, for the'purposesfof explana 
tion, have been made the subject of illustration.` 
In the drawings: 
Figure 1 is a more or less diagrammatic view, 

partly in section, of a complete plant for making 
deep bore holes according to one _form of this 
invention. 

Fig. 2 is an enlarged fragmentary sectional 
View taken through the pressure-resisting top 
`chamber of the bore hole. 

Fig. 3 is a vertical sectional view taken through 
the cover of the top chamber of the bore hole 
and part of the electrodes, the exhaust tube and 
the device for extending the exhaust tube. 

Figs. 4 and 5 are detail views, partly in sec 
tion, of the exhaust tube and the extending 
device in different positions. 

Fig. 6 is a vertical sectional view of a some 
v what diagrammatical apparatus showing another 
form of pressure top chamber connected with the 
bore hole proper. 

Fig. 7 is a fragmentary vertical sectional view 
of a part of the bore hole showing in detail a 
device to ensure the relative position of the pend 
ing conductors. ' 

Fig. 8 is a side view of a device which may be 
used for removing material from the bore hole, 
if no exhaust tube is used. 

Fig. 9 is a vertical sectional view taken through 
the lower part of the bore hole made with one 
form of apparatus according to this invention. 
" In Fig. 1 of the drawings, a fragmentary sec 
tional view of a bore hole is shown being drilled 
in accordance with the present invention with 
apparatus suitable for the purpose. As is known, 

 rock or other siliceous material is a non-conduc 
tor for electricity when in the solid state, but 
when heated to a molten state it becomes con 
ductive and is maintained in the molten state 
by the heating effect of the electrical currentï 
passed therethrough. For applying the melting 
heat to the rock, earth or other material in 
which the bore hole is to be formed, the present 
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2 
invention contemplates the formation and pro 
vision of a pool of, molten rock or othermaterial 
over the spot in which the bore hole is formed. 
To this end, a plurality of tungsten electrodes 5 
are positioned in spaced apart relation in a pool 
of molten slag. The heating, in accordance with 
this invention, is effected by the passage of elec 
trical energy between the electrodes 5, which are 
immersed in spaced apart relation in the molten 
pool of slag 36. „ 

’Ihe molten slag generally has‘a resistance of 
the order of 1 ohm for a distance of thev elec 
trodes of 10 cm., so that it is easy to provide a 
large amount of energy in the small space of the 
molten slag. To prevent heat losses and to pro 
tect the current conductors against radiant heat, 
a refractory sheet 38 is provided a little above the 
the highest level of the slag through which the 
electrodes pass and which may be composed of 
zirconium oxide, quartz or other ~refractory 
material. 

Electrical energy is supplied to the electrodes 
5 by means of conductors 4 which are suspended 
from a structure above the surface in which the 
hole is to be formed. Preferably the conductors 
4 are wound on drums so that the electrodes may 
be lowered as the boring process proceeds. 
In Fig. 1 the _electrodes are shown connected 

to a three-phase alternating current supply sys 
tem. In this instance, there are three electrodes 
which are spaced equidistantly apart to obtain 
the best heating eil'ect in the pool of molten ma 
terial. Of course, as shown in Fig. 6 a two elec 
trode system may be employed. 
The electrodes 5 are connected to the con 

ductors 4 by connections 6 of molybdenum or 
nickel. In the beginning of the boring or after 
replacing the electrodes by new ones, it is nec 
essary to provide a pool of molten slag so that 
the electric current will flow between the elec 
trodes. For this purpose, the electrodes may be 
connected by a resistance wire of nichrome em 
bedded in an easily fusible substance, such as 
glass powder. 'Ihe resistance wire is brought 
to incandescence and causes the melting of the 
glass. 'I'he glass becomes conductive and forms 
an electrically conductive slag in which the elec--A 
trodes are immersed. ’I’he melting thus started 
maintains itself. 
The boring action is carried out by applying 

a pressure above the pool of molten material. 
As shown in Fig. 1, this is eiIected by position 
ing a pressure top chamber 3 over the hole. An` 
intermediate reinforcing structure 2 is shown 
to prevent the pressure leaking between the 
chamber and the material in which the bore is 
made. 
Chamber 3 has openings formed in its top 

through which the conductors 4 extend. As 
shown in detail in Fig. 2, tubes 'l are slidably 
iltted in the openings provided in the top of 
chamber 3 and the conductors 4 are passed 
through the tubes 7. A gland stuillng box 8 is 
provided at lower ends of the tubes 'l to prevent 
leakage of gases between the tubes 7 and the 
conductors 4. Similarly, gland stufnng boxes 9 
are provided to prevent leakage between the top 
of chamber 3 and the tubes 7. Y 
The lowering of the electrodes in the bore hole 

is effected by lowering the tubes 7. However, 
as soon as the upper end of tubes 7 comes near 
'to the gland 9, the conductor 4 can be retained 
in its position by clamping means 33 within the 
top chamber which may be controlled from the 
outside, so that the tubes 'l can be lifted up with 
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out lifting the conductor. As soon as the tube 7 
is again in its highest position, the clamping 
means 33 are removed and the tube with a con 
ductor can be lowered uniformly. 
The pressure top chamber 3 is provided with 

a gate valve 32 which may be shut if the elec 
trodes 5 and tube 10 are lifted up above said 
valve, for instance, if new electrodes are needed. 
When the valve 32 is closed, the pressure in the 
bore hole is maintained and the cover ofthe 
chamber 3 may then be removed and the elec 
trodes or the ejector removed and replaced, if 
desired. Of course, conductors 4 must be elec 
trically insulated from the top of chamber 3. 

Since the boring is carried out under pressure, 
a part of the molten rock or other material is 
forced into the more or less porous surrounding 
strata. The wall 1 of the bore is formed of the , 
hardened molten material. As the depth of the 
bore is increased, it becomes necessary to remove 
a portion of the pool of molten material so that 
the application of heat can be more concen 
trated. This invention contemplates the removal 
of the molten slag by passing a current of gas up 
through a tube and aspirating slag into the up 
i‘lowing gas stream. 
For this purpose, a tube 10 is provided having 

an ejector connected to its lower end, i. e., the 
tube 10 is connected to a small tube of refractory 
material open at its lower end and having small 
perforations near the place where it is connected 
to the tube 10 through which gas may enter tube 
10. If a rapid gas current ascends through tube 
10, it aspirates the molten slag, atomizes it and 
lifts it in atomized condition upwards. , The tube 
10 discharges in a structure 11 which alterna 
tively may be connected by means of a three-way 
valve 15 with one of the two high pressure cham 
bers 12 and 13, in which the powder resulting from 
the atomized slag is deposited. The body 11 and 
the high pressure chambers are connected by 
a ilexible tube 14, which permits the body 11 to 
be lifted and lowered without breaking the con 
nection. .V 

From the high pressure separating chamber 12 
or 13, the gas passes through a valve 121 or 131 
to the low pressure chamber 16. If one of the 
valves 121 or 131 is opened, a gas current is 
established in tube 10 and therefore exhaust of 
the slag takes place if one of these valves is 
periodically opened. From the low pressure 
chamber 16, the gas passes through purifying 
means 17, 18 and 19 to the compressor 20. In 19 
the gas is carried over red hot copper, in 18 car 
bon dioxide and part of the water are removed, 
and in 17 the gas is completely dried. From 
the compressor 20 the purified gas passes via the 
three-way cock 21, either through the conduit 22 
directly into chamber 3, or by conduit 23, flexible 
conduit 14, body l1 and ̀ tubelll again into the 
bore hole. In the lattercase, the tubes 14, l1 
and 10 are blown out. I_f desired, the compressor, 
the purifying means and the high and low pres 
sure chambers may be mounted on a car. 
As the depth of the bore is increased, it be 
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comes necessary from time to time to increase - 
the length of tube 10. In Figs. 3, 4 and 5, the 
construction of body 11, which provides for the 
lengthening of tube 10, is better shown. Tube 
l0 is rigidly connected with the body 11 by a 
gland stuillng box 24 and discharges in a chamber 
25 of the body 11. The chamber 25 is provided 
with a flanged socket 26 connected to the ilexible 
tube 14. 
The body 11 can be lifted and lowered together 
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with tube 10, the latter sliding in the gland 27 
in the cover of chamber 3.'~When the bore hole 
becomes deeper, tube 10`is lowered more and more 
and as it must slide through the gland 27 it must 
be of uniform diameter and must have a smooth 
surface. As the tube is elongated by screwing 
on new parts, it is necessary to screw on a new 
part without releasing the pressure in the tube. 
For this purpose, the body 11 has a cock 28, and 
above the cock 28 thebody 11 is provided with 
a flanged socket having a gland 29 associated 
therewith. If the tube 10 must be elongated, a 
new part is put in the socket above cock 28 and 
tightened by the gland 29. The new part of the 
tube is closed by a cap 30 on the upper side. 
Now the cock 28 is opened. The new part is 
lowered through body 11 and screwed onto tube 
10 in the chamber 25, without loss of gas due 
to the provision of the gland 29. After the new 
part has been screwed onto tube 10, the body 11 
is lifted and slides over the tube until the gland 
29 touches the flange 31 of the cap 30. The cap 
30 and the gland 29 are now connected to pro 
vide a gas-tight joint and the body 11 is lifted 
again until the end of tube 10 is separated from 
the cap 30 and its open end is within chamber 25. 
After cock 28 is shut, the cap 30 may be re 
moved from the gland 29 and may be used again 
by putting it on a new part of the tube. The 
tube 10 is again rigidly connected with the body 
l1 by tightening gland 24, so that both can be 
moved downward together as required by the 
periodic removal of the molten slag. The above 
described operation may be effected without the 
escape of gas. ' 

Fig. 6 shows a modified construction of the 
chamber 3 which, at its lower end, is connected 
with a steel cylinder 40 by flanges 41 and bolts 
42. The cylinder 40 with the bolts 42 and the tube 
43 are shown anchored in a heavy block of con 
crete 45. Within the lower part of the cylinder 
40 extends a tube 43 which constitutes the be 
ginning of the bore hole. 'This tube consists 
preferably of a material having a small coeilìcient 
of heat expansion, for instance, quartz or cement, 
which may be fused to the underlying earth 
strata or rock.- Tightness between the cylinder 
40 and the tube 43 may be provided by means oi' 
a lead packing. If a gas under pressure is ad 
mitted in the bore hole, it will exert a pressure 
on the chamber 3 tending to lift it, but this 
pressure will be taken up by the bolts 42v em 
bedded in the block of concrete, so that>` the 
chamber 3 and cylinder 40 cannot move with 
respect to the tube 43. 
With this construction, the beginning of the 

boring takes place in tube 43 in which the elec 
trodes are lowered. If, in the beginning of the 
boring, the earth strata cannot withstand the 
highest pressure, which will be required in mak 
ing the bore hole, the boring is ñrst effected 
with a lower pressure until strata of the desired 
resistances are reached. The part of the bore 
hole which is made without application of the 
maximum pressure may be reinforced by steel 
tubes 40, and the tightness between the wall 
of the bore hole and the steel tubes may be 
ensured by pouring cement between said wall and 
the steel tubes 40. The part of the bore hole 
reinforced by the steel tubes and the steel tubes 
themselves must have a sumcient diameter to let 
the electrodes, etc., pass without touching them. 
In order to ensure the distance between the 

free pending electrodes and to maintain gener 
ally the position of these electrodes and the tube 

10 with respect to each other and with respect 
to the wall of _the bore hole as uniform as possible, 
distancing pieces 46 are provided at various 
heights as shown in Fig. 7. 'I'hey consist prefer 
ably of electrical insulating material, such as 
rubber, and they are so elastic that they adhere 
to the conductors and the exhaust tube and there 
fore are lowered and lifted therewith but yet 
may slide over them. When the tube 10 and the 
conductors 4 are lifted, the distancing pieces 46 
are lifted until they reach the cover 48 which 
retains them until they all lay one on the other 
vwhen the electrodes are fully lifted. 

In order to prevent the distancing pieces all 
being carried down together when the electrodes 
and tube 10 are lowered, a fork 49 is provided 
which can be actuated in a manner similar to that 
of the valve 32. As soon as the electrodes are 
lowered, the fork is put in a position within the 
chamber 3 to retain the distancing pieces until 
the electrodes are lowered over such a distance 
that a distancing piece is required. When the 
fork is withdrawn, the electrodes are lowered 
over a distance equal to the thickness of one dis 
tancing piece and the fork is again forwarded to 
its retaining position. Thus, only one distancing 
piece is lowered at a time with the electrodes. 
As soon as the electrodes are again lowered over 
a sumcient distance, a second distancing piece 
is allowed to go down with them, etc. 
Instead of removing the slag through tube 10, 

a hollow receptacle or chamber 50 may be lowered 
bodily into the bore hole for the collection and 
removal of slag. As shown in Fig. _8, chamber 
50 is connected to the end of a hollow cable 51 
by means' of which it is lowered into and re 
moved from the bore hole. The lower end of 
chamber 50 is provided with an aspirating device 
53 for causing slag to be sucked into the chamber 
50 by a stream of gas flowing from the bore into 
the chamber. Cable 51 may be connected to a 
gas circulating and purifying system, such as 
shown in Fig. 1 and described in detail herein 
before. The essential difference between remov 
ing slag by the means shown in Fig. 8 and by the 
tube 10 resides in the fact that the slag is re 
tained in the chamber 50 and is not carried up out 
of the hole by the circulating gas stream. In 
order to ensure that the aspirated slag will be 
maintained in chamber 50 and will not flow up 
through conduit 51, a filter 52 is provided at the 
upper end. 
When the chamber 50 is full, it can be raised 

bodily and removed from the bore hole. For 
this purpose, air locks (not shown) may be pro 
vided in thecover of pressure chamber _3 so that 
the slag,.¿chamber 50 may be removed from and 
reintroduced into the bore hole without leakage 
of gas or loss of pressure. Cable 51 may be 
passed through the top of chamber 3 similarly to 
the conductors 4 to avoid leakage of gas. 
The present invention also contemplates the 

protection of the lower part of the electric con 
ductors and the exhaust tube. In Fig. 9, the 
lower ends of conductors 69 and exhaust tube 71 
are shown protected by a refractory cylindrical 
body 67. The electrodes 63 and the tube 64 pass 
through the bottom of therefractory cylindrical 
body 67, the walls and the'bottom proper 65 of 
which consist preferably of quartz (fused silica). 
Against the lower side of the bottom 65 is applied 
'a protecting layer 66 of highly refractory mate 
rial, such as zirconium oxide. 
The tube 64 may be formed, for instance, of 

platinum tubing of a few millimeters diameter. 
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Within the body 67 this small tube has perfora 
tions ’70, above which the tube is connected to 
an expanding tube 71 of other material. The gas 
enters in the tube through the perforations 70, 
aspirates the slag and atomizes it into the tube 71. 
Within the body 67, the electrodes 63 are con 

nected to intermediary connections 68 of nickel 
which are connected with the copper current 
conductors 69. If the bore hole is filled with 
an inert gas or with hydrogen, the electrodes 63 
may be made of tungsten or another oxidizable 
highly refractory metal or alloy. If, however, the 
bore hole is filled with an oxidizing gas, the elec 
trodes should consist of non-oxidizable refractory 
conducting material, such as platinum or a plati 
num rhodium alloy or the like, or they may con 
sist of an oxidizable core with a protecting cover 
of non-oxidizable material. This cover should 
extend at least as far as the electrodes extend out 
of the slag and may be in the form of a platinum 
jacket. In this case, it is necessary to apply 
a substance, for instance, a silicate between the 
platinum and the core to prevent contact between 
the platinum and the core material (tungsten or 
the like) in order to avoid the formation of alloys 
having a low melting point. The electrodes 63 
extend a few centimeters below the tube 64 and 
deviate sufficiently from each other to form a bore 
hole of sufficient diameter for the passage of the 
body 67. As the tube 64 is in the center between 
the electrodes 63, a volt meter connected with the 
slag exhaust tube will’ show the average voltage 
between the electrodes. This voltage remains 
constant as long as tube 64 contacts with the 
molten slag 62. However, if this contact as may 
be expected during the continued aspiration of 
the slag is continually disrupted, the volt meter 
will show this by a vibration and this will indi 
cate that 'the slag is continually removed as de 
sired, but if the 'tube 64 is obstructed the volt 
meter will show a constant voltage without vibra 
tion. This vibration may also be indicated by a 
telephone. 
The gas introduced in the bore hole enters the 

cylindrical body 67 and cools the current conduc 
tors 69 and the intermediary connection 68 before 
it enters into the perforations 70 in the platinum 
tube 64. The gas escapes in the expanding tube 
71, aspirating, atomizing and carrying with it the 
slag. The body 67 is preferably made of fused 
silica because it is subjected to very different 
temperatures, namely, on one side to the temper 
ature of the relatively cool gas current and on the 
other side to the radiation of the hot walls of 
the bore hole and the slag and the high tempera 
ture of the tube 64 and the electrodes 63. 
The cylindrical body 67 affords a vvery good 

protection of the current conductors andexhaust 
tube. For facilitating lifting of the body 67, 
which is necessary when the electrodes or the tube 
64 must be repairedV or renewed, the conductors 
and the exhaust tube may be in the form of cables 
which may be combined into a single cable. 
This ensures that the electrodes and discharge 
tube may be lowered and lifted as a unit. Around 
the refractory body and between it and the molten 
slag the atmosphere is relatively undisturbed, 
which permits the gas to cool the exhaust tube 
and the conductors within the cylindrical body 
without having an undesired cooling influence 
on the molten slag and the walls of the bore 
hole. 
The electrodes used for carrying out the present 

invention are preferably made of tungsten or sim 
ilar material, such as molybdenum, tantalum and 

1,993,642 
carbides of refractory metals. In order to avoid 
oxidation of tungsten, which is strongly attacked 
by oxygen, water vapor or other oxygen-contain 
ing gases, it is important that the gaseous at 
mosphere maintained in the bore hole be of a 
non-corroding nature. The gaseous atmosphere 
may, for instance, consist of nitrogen and/or 
hydrogen. 
In place of the atmosphere of nitrogen and/or 

hydrogen, an atmosphere of hydrocarbon gases 
may be used advantageously. For this purpose, 
liquid hydrocarbons may be introduced into the 
bore hole and by reason of the high temperature 
prevailing at the bottom thereof, the liquid hy 
drocarbons will be cracked, resulting in a deposi 
tion of carbon on the tungsten electrodes and the 
formation of free hydrogen, together with other 
light hydrocarbons. The carbon deposited on the 
electrodes forms a protective coating which has 
no, or only a slight, action on the tungsten. Any 
oxygen present or formed adjacent the carbon 
coated tungsten electrodes will be converted by 
the carbon coating into carbon dioxide, thereby 
avoiding the direct action of oxygen on the metal 
electrodes. 
The use of cheap liquid hydrocarbons instead 

of expensive hydrogen or ammonia gas makes it 
possible in many cases to dispense with the puri 
iication and recovery of the gases circulated 
through the bore hole and which are used to 
carry the atomized slag upwardly out of the hole. 
In many cases, natural earth gases will be avail 
able and may be used to form the atmosphere 
Within the bore hole. It is also possible to in 
troduce gasolene or other liquid hydrocarbons I: 
into the bore hole since the decomposition of 
these substances will yield a gas suitable for 
maintaining the required pressure. While the 
decomposition of the hydrocarbons absorbs con 
siderable heat which must be generated in and 
supplied to the bore hole as electrical energy, this 
is not a serious drawback to the use of liquid 
hydrocarbons, since the use of the same simpli 
fles the process to such an extent as to justify the 
heat losses, especially since electrical energy is 
now generally available at low cost. 
In many cases, it will be found advantageous 

to work with a mixture of hydrogen and hydro 
carbons, since such mixtures are generally low in 
oost and may be formed, for instance, by begin 
ning the boring with pure hydrogen or ammonia 
gas and adding hydrocarbons to make up for the 
unavoidable losses during operation and to take 
care of the increased depth of the bore hole. 
From the foregoing description, it will be 

realized that the present invention is highly ad 
vantageous, since it provides for the concentra 
tion of a large amount of heat at the bottom of 
the bore hole. By heating the bottom of the 
bore hole, not only is a molten slag obtained, 
but also the rock surrounding the bore hole be 
comes plastic and due to the pressure maintained 
in the bore hole is pressed outwardly. An ex 
ternal pressure is exerted in the plastic material 
which opposes the pressure in the bore hole'v and 
as the plastic material becomes gas-tight, an 
equilibrium will be set up and the bore hole will 
obtain a definite form. It is possible to drill the 
vbore hole in accordance with the present inven 
tion without the use of any reinforcement, ex 
cept possibly near the surface where it may be 
necessary, due to the low external pressure sur 
rounding the bore hole to provide an interme 
diate reinforcing structure. 

Since the electrodes are freely suspended, the 
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bore hole will be truly vertical and will be of the 
same diameter throughout its depth. In accord 
ance with the present invention, bore holes oi'v 
from 20 to 30 cm. in diameter of any desired 
depth may be made. It will berealized that the 
present invention which permits the boring of' 
holes of such depth is highly advantageous over 
the prior art methods in which the depth of the 
hole is nearly always limited by the failure of 
the apparatus or the enormous expense entailed.' 
The boring in accordancer with the present in 
vention Aproceeds very rapidly and as the heat is 
applied to the material to be melted in a very 
eñicient manner, little energy is required to melt 
the material and therefore the process may be 
carried out at a much lower cost than is in 
volved inany of the known methods. 

If several oil layers are passed during the drill 
ingjit is possible tomake openings in the side 
wall of the bore hole, for instance, by floating a 
layer of hydroñuoric acid on a heavyV oil in the 
bore hole at the proper level so that the acid acts 
on the wall to permit access to the oil layer. 

It is possible to enlarge the bottom part of the 
bore hole by maintaining the electrodes a con 
siderable time at the lowest point. In this way 
an enlargement at the bottom of the bore hole is 
obtained which, after breaking of the Walls, en 
sures an easy flow of oil. It is also possible to 
make such an enlargement of the bore hole in’r 
places where oil bearing strata occur. The com 
position of the strata throughI which the bore 
proceeds is indicated by the composition of the 
atomized slag which is recovered in the dust 
chambers. Y 

While in the foregoing description reference 
has been made to an apparatus in which three 
electrodes are used with a three-phase alternat 
ing current, it should be understood that any 
number of electrodes may be employed and that 
any kindof suitable electric current may be uti 
lized for effecting the heating. For instance, two 
electrodes supplied with energy from a common 
alternating current supply line are satisfactory. 
The present invention is also advantageous in 

that a number of drawbacks of, the usual meth 
ods are avoided. For instance, the possibility of 
water flowing from one layer along the bore hole 
to an oil layer is avoided by reason ofthe hard 
ened Wall of solidified molten material with 
which the bore hole is lined, being impervious 

to. the various layers of ̀ oil and Water through 
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which the bore is made. f 
While we have shown and described the pre 

ferred embodiment of our invention, we wish it 
to be understood that we do not -conñne ourselves 
to the precise details herein set forth by way of 
illustration as it is apparent that many changes 
and variations may be made therein by those 
skilled in the art, without departing from theà 
spirit `of the invention or exceeding the scope 
of the appended claims. 
What we claim is: 
1. Apparatus for making bore holes compris 

ing a pressure resisting top chamber on the top 
of the >bore hole, means for building up a gas 
pressure in the bore hole, current conductors 
pending from said top chamber to near the bot 
tom of the bore hole and highly refractory elec 
trodes connected to the lower end of said conduc 
tors and capable of dipping into the slag at the 
bottom of the bore hole. 

2. _Apparatus for making bore holes comprising 
a pressure resisting top'chamber on the top of 
the bore hole, means for building up a gas'pres 
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sure in the bore hole, >current conductors pending 
from'saidtop chamber to near the bottom of the 
bore hole and tungsten electrodes connected by 
an intermediary connection of less refractory 
metal to said current conductors. 

3. Apparatus for making bore holes comprising 
a pressure resisting chamber on the top of the 
bore hole, means for building> up a gas pressure 

, in the bore hole, current conductors connected 
with electrodes pending from said top chamber 
and tubes slidingly arranged in the cover of said 
top‘chamber through which the current conduc 
tors slidingly pass. 

_4. Apparatus according to claim 3, in which the 
top chamber contains clamping means controlled 
from outside by which the conductors may be fas 
tened, so that >the tubes through which the con 
ductors pass, may be lifted or lowered without 
lifting or lowering the conductors. 

5.L Apparatus for making bore holes compris 
ing a pressure resisting top chamber on the top 
of the bore hole, means for building up a gas 
pressure in the bore hole, current conductors 
connected to electrodes pending from said top 
chamber and a discharge tube open at its lower 
end extending through the entire bore hole and 
passing through the cover of the top chamber. 

6. Apparatus for making bore holes »compris 
ing a' pressure resisting chamber on the top of 
the bore hole, means for building up a gas pres 
sure in the bore hole, current conductors con 
nected to electrodes pending from said top cham 
ber, a discharge tube open at its lower end ex 
tending through the bore hole and passing through 
the cover of the top chamber and distancing 
pieces sliding arranged between said conductors 
and said discharge tube at various heights in the 
bore hole. 

7. Apparatus for making bore holes compris- ' 
ing a pressure resisting chamber on the top of 
the bore hole, means for building up a gas pres 
sure in the bore hole, current conductors connect 
ed to electrodes pending from said top chamber, 
a discharge tube the lower end of which is formed 
by an ejector consisting' of a narrow tube of high 
ly refractory material adapted tor dip into the 
molten slag at the bottom of the bore hole and‘ 
having small apertures in its side wall near its 
connection to the discharge tube. 

8. Apparatus for making bore holes compris 
ing a pressure resisting top chamber on the top 
of the bore hole, means for building up a gas pres 
sure in the bore hole, current conductors con 
nected to electrodes pending from said top cham 
ber, a discharge tube in the form of a hollow 
cable carrying at its lower end a container be 
ing provided with a filter at its upper end and` 
with a highly refractory ~ejector at its lower endA 
adapted to be lowered into the molten slag. 

9. Apparatus for making bore holes compris 
ing a pressure resisting top chamber on the top 
of the bore hole, means for building up a'gas pres 
sure in the bore hole, current conductors pend 
ing from said top chamber to near the bottom 
ofthe borehole, a discharge tube passing through 
the >cover of said top chamben, the top chamber 
being provided with a slide valve adapted to shut 
oft' the bore hole and maintain the pressure there 
in when the cover is removed from the top 
chamber. . 

l0. Apparatus for making bore holes compris 
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ing a pressure resisting top chamber on the top „ 
of the bore hole, means for building up a gas 
pressure in the bore hole, current conductorsy 
pending from said top chamber to near the bot 
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6 
tom of the bore hole and tungsten electrodes con 
nected to the lower end of said conductors. 

11. Apparatus for _making bore holes compris 
ing a pressure resisting top chamber on the top 
of the bore hole, means for building up a gas 
pressure in the bore hole, current conductors 
pending from said top chamber to near the bot 
tom of the bore hole and electrodes of a highly 
refractory metal connected to the lower end of 
said electrodes, dipping into the slag at the bot 
tom of the bore hole and having a protecting 
cover against oxidation for so far they extend 
above the slag. ' 

12. Apparatus for making bore holes compris 
ing a pressure resisting top chamber on the top 
of the bore hole, means for building up a gas 
pressure in the bore hole, current conductors 
pending from said top chamber to near the bot 
tom of the bore hole and electrodes of a non-oxi 
dizable refractory metal connected to the lower 
end of said conductors. „ I ' 

13. Apparatus for making bore holes compris 
ing a pressure resisting top chamber on the top 
of the bore hole, means for building up a gas 
pressure in the borehole, current lconductors 
pending from said top chamber to near the bot 
tom of the bore hole and electrodes made of a 
platinum rhodium alloy with 10% rhodium. 
14. Apparatus for making bore holes compris 

ing a pressure resisting chamber on the top of 
the bore hole, means for building up a gas pres 

 sure in the bore hole, current conductors pend 
ing from said top chamber to near the bottom 
of the bore hole and highly refractory electrodes, 
connected to the lower end of said conductors, 
a discharge tube open at its lower end extend 
ing through the entire bore hole and passing 
through the cover of the top chamber and a re 
fractory cylindrical body, provided with a bot 
tom and surrounding the lower part of the cur 
rent conductors and discharge tube, the electrodes 
and an ejector of small diameter connected to the 
discharge tube passing through the bottom of the 
cylindrical body. - 

15. Apparatus according to claim 14, in which 
the electrodes deviate from each other after pass 
ing through the bottom of the cylindrical body. 

16. Apparatus for making bore holes comprising 
a pressure resisting chamber on the top of the 
bore hole, means for building up a gas pressure 
in the bore hole, current conductors pending from 
said top chamber to near the bottom of the bore 
hole, highly refractory electrodes, connected to the 
lower end of said conductors, a discharge tube 
open at its lower end extending through the entire 
bore hole and passing through the cover of the 
top chamber and a refractory cylindrical body, 
provided with a bottom surrounding the lower 

ofÁ the current conductors and discharge 
tube, the electrodes and an eiector of small di 
ameter connected to the discharge tube passing 
through the bottom of the cylindrical body in 
such manner that the electrodes extend a few 
centimeters lower than the ejector. 
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17. Apparatus for making bore holes compris 

ing a pressure resisting chamber on the top of the 
bore hole, means for building up a gas pressure 
in the bore hole, current conductors pending 
from said top chamber to near the bottom of the 
bore hole, highly refractory electrodes, connected 
to the lower end of said conductors, a discharge 
tube open at its lower end extending through the 
entire bore hole and passing through the cover 
of the top chamber and a refractory cylindrical 
body,provided with a bottom surrounding the 
lower part of the current conductors and dis 
charge tube, the electrodes and an ejector of 
small diameter connected to the discharge tube 
passing throughpthe bottom of the cylindrical 
body, the electrodes and discharge tube being so 
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connected to said body that they may be lowered '_ 
and lifted as a unit. 

18. Apparatus for making bore holes compris 
ing a pressure resisting chamber on the top of 
the bore hole, means for building up a gas pres 
sure in the bore hole, current conductors pend 
ing from said top chamber to near the bottom 
of the bore hole, highly _refractory electrodes, 
connected to the lower part of said conductors, a 
discharge tube open at its lower end extending 
through'the entire bore hole and passing through 
the cover of the top chamber and a refractory cy 
lindrical body, provided with a bottom surround 
ing the lower part of the current conductors and 
discharge tube, the electrodes and an ejector 
of small diameter connected to the discharge 
tube passing through the bottom of the cylindrical 
body, the electrodes andI discharge tube being 
connected within a cable passing through the 
cover of the top chamber.. 

19, Apparatus for making bore holes compris 
ing a pressure resisting chamber on the top of 
the bore hole, an intermediary structure con 
nected in a gas tight manner with said top cham 
ber, and with the upper part of the bore hole, 
means for building up a gas pressure in the bore 
hole, current conductors pending from said top 
chamber to near the bottom of the bore hole. 

20. Apparatus for making bore holes, compris 
ing a pressure resisting chamber on the top of 
the bore hole, an intermediary structure compris 
ing a heavy block of the reinforced concrete be 
tween said top chamber at the beginning of the 
bore hole and tightly connected to said top cham 
ber and to the bore hole, means for building up a 
gas pressure in the bore hole, current conductors 
connected to electrodes pending from said top 
chamber to near the bottom of the bore hole in 
a discharge tube extending through the entire 
bore hole and passing through the cover of the 
top chamber. 
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