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9 Claims. (Cl. 262—3) 

This invention relates to a new and improved process 
and apparatus for mining and more particularly to a new 
and improved method and 
The usual method by which sulfur is mined is to force 

hot water (328° F. i) into a conduit which is positioned 
in the sulfur bearing ore body. The conduit is provided 
with perforations in its side walls adjacent the end which 
is in the sulfur bearing ore body. A baf?e is provided 
between these perforations and other perforations farther 
down in the side wall of the conduit so that the hot water 
?ows into the sulfur bearing ore body where the heat‘in 
the water is transferred to the sulfur which then becomes 
molten. Because it is heavier than the water, the molten 
sulfur gravitates downwardly and ?ows into the perfora 
tions in the conduit below the ba?le. The molten sulfur 
in the lower end of the conduit is conducted to the surface 
by means of another conduit disposed centrally within 
the ?rst conduit. A third conduit containing compressed 
air is disposed centrally in the second conduit and the 
column of molten sulfur inside the second conduit is 
lifted to the surface by means of the compressed air. 

This process is di?icult and costly because the hot water 
is heated in conventional type boilers. That is to say, 
the water is heated by the transfer of the heat. of com 
bustion through metallic walls. Furthermore, the air is 
separately compressed and then released without having 
rendered any other function than that of lifting the molten 
sulfur from subsurface regions to the surface Where it is 
handled for further disposition. One factor in the high 
cost is that fresh, carefully treated water is essential in 
conventional type boilers. Additionally, even with fresh 
water the water deposits scale on the metal surfaces which 
must be cleaned at frequent intervals in order to facilitate 
heat transfer through the metallic walls of the boiler. 
One of the objects of the present invention is to provide 

a new and improved method for mining sulfur in which 
gaseous products of combustion used to heat the water 
are employed in lifting the molten sulfur from the sub 
surface regions to the surface Where it is handled for 
further disposition. 
An additional object of the invention is to provide a 

new and improved method for mining sulfur wherein the 
water which is used to melt the sulfur is heated by direct 
combustion beneath the liquid level and the gaseous prod 
ucts of combustion together with the heated water are 
both used in the sulfur mining operation. - 
A further object of the invention is to provide a method 

of mining sulfur which does not require the use of fresh 
water. 

Another object of the invention is to provide a method 
of mining sulfur in which the water used to‘change the 
sulfur to a molten state does not have to be specially pre 
pared and treated before it is heated. 

Another object of the invention is to provide a method 
of mining sulfur in which hot water is used to heat sulfur 
between 325° F. and 340° F. which in turn is conducted 
to the subsurface ore body for melting sulfur to be 
brought to the surface similar to the way it is broughtto 
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the surface when melted by water. This hot sulfur can 
be pumped readily to the subsurface ore body. Thus,~ 
a minimum quantity of combustion gas and/or air are 
required for lifting the sulfur to the surface. 
A still further object of the invention is to provide a 

method of mining sulfur in which no boiler tubes are 
required. 
A further object of the invention is to provide a method 

of mining sulfur .in which there is a material savings in 
fuel costs. 

Another object of the invention is to provide a method 
a mining sulfur in which the cost of the equipment re 
quired is much less than is now the case with the equip 
ment customarily employed. 
Another object of the invention is to provide a new 

and improved apparatus for the mining of sulfur. 
An additional object of the invention is to provide an 

apparatus for the mining of sulfur which is relatively 
small and compact and is more easily moved from one 
location to another than is the case with the apparatus 
customarily used. 
A still further object of the invention is to provide an 

apparatus for mining sulfur which can be used in small 
units for the working of smaller deposits. 
A broader object of the invention is to provide a meth 

od and apparatus for the subsurface mining of substances 
which can be lique?ed by heat or the viscosity of which 
can be reduced by heat or the solubility of which can be 
increased by heat including but without limitation to not 
only sulfur but lead, mercury, petroleum oils, shale oils, 
sodium chloride, potassium chloride, and other solids or 
liquids normally found beneath the earth’s surface which 
are capable of modi?cation or dissolution by heated 
liquids that are inert thereto or unreactive therewith. 

Other objects and advantages of the invention will be 
apparent from the following description in conjunction 
with the accompanying drawings, in Which: 

Fig. 1 represents somewhat diagrammatically and partly 
in section with parts broken away one embodiment of 
the method and apparatus of the present invention; 

Fig. 2 illustrates a modi?ed form of one portion of the 
apparatus shown in Fig. 1; 

Fig. 3 represents another modi?cation of a portion of 
the apparatus shown in Fig. 1; 

Fig. 4 represents another embodiment of the invention; 
and 

Fig. 5 illustrates an additional embodiment of the in 
vention. 

Generally speaking, the invention provides a method 
by which liquid is heated and the gaseous products of 
combustion of the fuel used in heating the liquid together 
with the resultant heated liquid are passed into a passage 
way which is in communication with a subsurface area 
containing a substance which is capable of being melted 
or dissolved by the heated liquid and said substance is 
removed through a second passageway adjacent the ?rst 
passageway, the removal being facilitated by said gaseous 
products of combustion. 
The heating of the liquid which is employed in mining 

the subsurface material is preferably effected by means 
of combustion of a fuel beneath the surface of the liquid. 
The heated liquid together with the products of com 
bustion which are released directly in the liquid are then 
conducted under pressure to a closed vessel herein re 
ferred to as a surge drum where some of the gaseous 
products of combustion may be released if necessary 
or desirable. The surge drum provides a means for 
smoothing the pulsations caused by heating the liquid 
and evaporation of the liquid. The heated liquid to 
gether with a part or all of the gaseous products of 
combustion are then passed into a passageway in com 
munication with the subsurface material which it is de 
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sired to mine or recover. A second passageway in com 
munication with the subsurface material is preferably 
provided in order to remove the subsurface material 
after it has been melted, thinned or dissolved as the 
case may be. Thus. it is possible in a continuous opera 
tion to. modify, the subsurface material and to recover 
it continuously. If the operation is carried» out inter 
mittently the subsurface material may be modi?ed by 
the heated liquid- and withdrawn at intervals through the 
smne passageway where the heated liquid is introduced, 
but this type of operation‘ does not ordinarily lend itself 
to the most economical recovery. of the desired material. 

In Fig. l the invention is illustrated with reference to 
the miningv of sulfur. Heat is generated by means of 
the submerged combustion burner 1 and raises the tem 
perature of the water 2 which: is forced into the heat 
exchange chamber 3 through the inlet 4. The hot water 
and the hot gases of combustion are conducted under 
pressure’ through the conduit. 5 to the. surge drum 6. 
The surge drum 6 provides a means for dampening the 
pulsations caused. by the heat and. steam generation. A 
conduit 7 provides a-rneans for. releasing gases if neces 
sary or for introducing compressed air or gases in 
order to increase the gas pressure employed for lifting 
molten sulfur from subsurface regions to the surface 
of the ground. The hot gases and hot water are con 
ducted under pressure from. the surge drum 6 through 
conduit 8 to the pipe or casing 9- which is sunk into 
the sulfur bearingv layer 10. The lower end of the pipe 
or casing 9 in the sulfur bearing layer is provided with 
perforations 11 in the side walls of the casing. These 
perforations or openings permit the hot water to ?ow 
into the sulfur bearing ore and melt the sulfur. Since 
the melted. sulfur is heavier than the water it sinks to 
the bottom of the sulfur bearing layer and collects near 
the bottom of the casing 9. A partition 12 prevents the 
incoming hot water from. mingling with the molten sulfur 
and acts as a ba?le to direct it toward the upper part 
of the sulfur bearing layer. Additional perforations 13 
in the side walls of the lower end of the casing 9 permit 
the molter sulfur to enter the lower end of the casing 
and to pass upwardly through the conduit 14 which is 
concentric with and inside of' conduit 9‘. The pressure 
in conduit 14 is lower than the pressure in conduit 9 
and the column of molten sulfur inside of conduit 14 
is lifted toward the. surface. 
The hot‘ gases of combustion and any auxiliary gases 

that may have been introduced into the system in the 
manner previously described pass downwardly in the 
passageway between conduit 14 and the inside of the 
casing 9 around the baf?e l5‘, thence upwardly through 
the openingv 16 and the perforations or openings 17 into 
conduit 14 where. they assist in lifting the molten sulfur 
to the surface of the ground. Thus the gases of com 
bustion are utilized in recovering the desired product. 
At the same time, the heat stored in these gases is 
utilized in maintaining the sulfur in a molten state. 
The sulfur is recovered in any suitable manner, for 
example, by running it to a storage pit 13 from which 
it can be taken and processed or stored as desired. 

In Figure 2‘ there is illustrated a modi?cation of the 
gas lock hood 15 characterized by the fact that the bathe 
member 15’ is tapered at the points. 19 and 19’ in order 
to facilitate streamline ?ow of the gases and to minimize 
the possibilities of snagging while lowering or raising 
conduit 14. 
The submerged combustion burner 1, which is illus 

trated diagrammatically in the drawings is preferably of 
the type described in See et al. U. S. Patent 2,118,479. 
In the type of burner shown a fuel gas such as natural 
gas or other suitable type of fuel gas is introduced 
through a pilot gas conduit 20 and a main gas conduit 
21. Support for combustion is provided through a main 
air conduit 22 and a pilot air conduit 23. The com 
bustion occurs at a burner plate 24 located within the 
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4 
combustion chamber 25. The operation of the sub 
merged combustion burner can be controlled automati 
cally in a number of different ways but the controls do 
not form a part of the invention and therefore they 
will not be discussed in detail. The conduits 4, 5, 7 and 
8 are all provided with suitable valves and check valves 
(not shown) to control the flow of ?uids therethrough. 
Although the invention has been speci?cally illus 

trated for the mining of sulfur the apparatus described 
and the method can also be used for the mining of other 
materials which are capable. of being melted, thinned 
or dissolved, as the-case may be. Thus, petroleum bear 
ing subsurface layers can be mined in accordance with 
the practice of the invention. The procedure is essen 
tially the same as that previously described except that 
a petroleum residuum is substituted for the water 2 in 
he heat exchanger 3. A suitable residuum for this 
purpose is that obtained from the bottom of a petroleum 
fractionation tower. Other materials which are com 
patible with petroleum or which are solvents for petro 
leum can be used instead ofv the petroleum residuum. 
The gas employed to support combustion in the sub 
merged burner 1 is regulated so that it is just sufficient 
to support the combustion of the fuel. In this way there 
is no excess of oxygen to cause combustion of the petro 
leum residuum or other material contained in the heat 
exchanger 3. In many instances an excess of oxygen 
will be desired so as to raise the temperature by com 
bustion of the petroleum residuum or other materials 
being used. 

In large operations it is desirable to use tonnage 
oxygen containing about 95% or more of oxygen instead 
of air in order to support combustion in the submerged 
burner 1. The use of either tonnage oxygen or com 
pressed air results in combustion gases that are enriched 
by picking up in?ammable gases and/or vapors during 
the exchange of heat. in the subsurface petroleum layer. 
This enriched gas can be recovered and used as a source 
of gas for generating heat by the submerged combustion 
burner 1 or for any other source of heat generation 
employed to generate heat to be imparted to the petro 
leum in the petroleum bearing subsurface layers. If the 
subsurface oil is- heated su?iciently, chemical changes 
occur similar to those in the above ground oil re?ning 
operations and thus it is possible to utilize the present 
invention to save costly oil refining equipment at or 
near the surface. 
A variation. of the method and apparatus illustrated in 

Figure 1 is shown in Figure 3 wherein the gas lock hood 
15" is provided with an inlet opening 26 at the top thereof 
which permits the gases ?owing through conduit 8 to 
enter the gas lock hood 15" above the ground. In other 
respects the apparatus is similar to that described in 
Figure 1. 

Another variation of the method and apparatus is illus 
trated in Figure 4. In this embodiment of the invention 
the mining ?uid and the combustion gases which have 
previously been heated in a heat exchange chamber 3 in 
the manner described with respect to Figure l and passed 
through a surge drum 6 are introduced into conduit 27 
and passed downwardly into the ore body containing 
sulfur, salt, petroleum or other material capable of being 
melted, thinned or dissolved by the mining ?uid. The 
ore body is melted, thinned or dissolved, as the case may 
me, by the mining ?uid entering it through the opening 28 
in conduit 27 and the released gases agitate the liquid ore 
body as they riseto escape through the openings 29. The 
liquid product passes through openings 29 as well as 
openings 30 and the gases move along with the molten or 
liquid material and- assist in carrying- said material to the 
surface through conduit 31. The desired product is then 
recovered in any suitable manner. 

It will be noted that all of the aforesaid conduits are 
?uid tight except as indicated and are adapted to hold 
gases and liquids under superatmospheric pressures. 
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The temperature of the ?ame at the burner plate 24 
will vary somewhat depending upon the fuel being used. 
Natural gas has a ?ame temperature of around 2900° F. 
and is one of the preferred fuels for the purpose of the 
invention. The temperature of the mining ?uid can be 
controlled by the introduction of additional ?uid through 
the inlet 4. In the mining of sulfur the temperature of 
the mining ?uid is preferably around 325° to 340° F. In 
the mining of petroleum much higher temperatures can be 
used and the invention contemplates heating the mining 
?uid to temperatures of 550° F. and higher so that the 
temperatures in the subsurface regions are high enough to 
effect at least a partial re?ning of the petroleum. Crack 
ing of petroleum oils occurs at temperatures of around 
650° F. and higher. Gasi?cation and vaporization occur 
at lower temperatures. In accordance with one embodi 
ment of the invention the temperatures in the subsurface 
regions are raised to a point su?icient to obtain gasi?ca 
tion, vaporization and/ or cracking of the petroleum oils. 

In Figure 5 another variation of the invention is illus 
trated wherein like numerals are applied to like parts of 
the apparatus described in Figure 1 with certain modi?ca 
tions. According to the modi?ed system shown in Figure 
5, water is heated in the heat exchange chamber 3 by 
means of the submerged burner 1 and then passed through 
the conduit 5 to the pressure vessel 6 where the incon 
densible gases separate and pass through conduit 7 to 
well conduit 9. The hot water in chamber 6 is at least 
partially recycled to heat exchange chamber 3 through a 
return line 32. An inlet line 4’ is provided to introduce 
additional water into the system. One of the principal 
features of this system is that the lique?ed or molten 
sulfur which has been mined previously is returned to the 
well and utilized as a part of the mining ?uid. This is 
accomplished by passing molten sulfur from the well or 
from a storage pit 18, as shown in Figure 5, through line 
35 to chamber 6. The sulfur being heavier sinks to the 
bottom of the chamber, there being a water layer 33 and 
a sulfur layer 34. The molten sulfur is then introduced 
into the well conduit 9. Booster pumps 36, 37 and 38 are 
provided in order to pump the respective materials 
through the various conduits. A check valve 39 and a 
regulating valve 40 are provided in order to control the 
introduction of water into the system through the conduit 
4’. Other valves can be provided as needed. In a simi 
lar manner the same system is applicable to the recovery 
of petroleum by returning a petroleum residuum to the 
well; in other words, when this system is adapted to 
petroleum the material designated by the numeral 34 
would be a petroleum residuum or some other similar 
liquid material compatible with the petroleum which is to 
be recovered. 

In a further modi?cation of the invention a submerged 
burner 1 can be located directly in any of the well con 
duits, for example, in the well passage 9. 
The invention has many advantages in the mining of 

sulfur and other materials found in subsurface regions and 
which are capable of being melted, dissolved or modi?ed 
by a mining liquid. By means of the invention the cost of 
mining sulfur is reduced materially because the water does 
not need to be fresh water; the water does not have to be 
specially prepared and treated before heating; there are 
no boiler tubes required and for that reason tube cleaning 
is unnecessary. Additionally, the invention makes it pos 
sible to mine sulfur and other materials in subsurface 
regions with greatly reduced quantities of compressed air 
because the gases of combustion assist in lifting the 
molten sulfur or other material to be mined from the 
subsurface regions. The heat conservation derived from 
the direct introduction of the ?ame beneath the surface 
of the mining ?uid and the introduction of the hot prod 
ucts of combustion into the mining ?uid represents a 
material savings in fuel costs. The cost of equipment 
required to practice the invention is much less than that 
required where stationary boilers are used instead to heat 
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the mining ?uid. The space requirements for the appae 
ratus used in the practice of the invention are smaller than 
the space requirements where stationary boilers are 
employed to heat the mining ?uid. The invention is 
readily applicable therefore to the mining of sulfur by 
means of apparatus located on barges from sulfur de 
posits located beneath bodies of water. The operation of 
the process has the additional advantage that the appa 
ratus can easily be moved from one location to another 
and is applicable in small units for the working of smaller 
deposits which would not ordinarily be mined by conven 
tional methods because of the high capital investment 
requirements for equipment. 
The invention is hereby claimed as follows: 
1. A method of subsurface mining substances which 

can be modi?ed and brought to the surface by heat im 
parted thereto by a mining liquid which comprises heating 
a mining liquid and passing the heated liquid mixed with 
the gaseous products of combustion of the fuel used in 
heating the liquid into the subsurface region containing 
the substance to be mined whereby the substance to be 
mined is modi?ed by the heated liquid, and removing said 
modi?ed substance from said subsurface region with the 
assistance of said gaseous products of combustion by‘ 
releasing said products of combustion from said liquid 
and contacting the released gases with said modi?ed sub 
stances in said subsurface region. 

2. A method of subsurface mining sulfur which com 
prises heating water and passing the heated water mixed 
with the gaseous products of combustion of the fuel used 
in heating the water into the subsurface regions containing 
the sulfur whereby the sulfur is melted, and removing the 
melted sulfur from said subsurface regions with the as 
sistance of said gaseous products of combustion by re 
leasing said gaseous products of combustion from said 
water and contacting the released gases with said molten 
sulfur in said subsurface region. 

3. A method of subsurface mining substances which 
can be modi?ed and brought to the surface by heat im 
parted thereto by a mining liquid which comprises heating 
said mining liquid by means of combustion of a fuel 
directly in contact with and beneath the surface of the 
liquid, passing the heated liquid mixed with products of 
combustion of said fuel which are released directly into 
the liquid into subsurface regions containing the sub 
stance to be mined whereby the substance to be mined 
is modi?ed by the heated liquid, and removing said modi 
?ed substance from said subsurface region with the assist 
ance of said gaseous products of combustion by releasing 
said products of combustion from said liquid and contact 
ing the released gases with said modi?ed substances in 
said subsurface region. 

4. A method of mining sulfur from a subsurface region 
which comprises heating water by means of combustion 
of a fuel directly in contact with and beneath the surface 
of the water, passing the heated water mixed with the 
products of combustion from said fuel which are released 
directly into said water under pressure to a subsurface 
region containing the sulfur to be mined and at a tem 
perature su?iciently high to melt the sulfur, providing a 
passageway for the removal of said melted sulfur, sep 
arating at least a part of said gaseous products of combus 
tion from said water, and releasing said separated gaseous 
products of combustion into said passageway to assist in 
lifting the melted sulfur from said subsurface region to the 
surface of the ground. ' 

5. A method of subsurface mining substances which 
can be modi?ed and brought to the surface by heat im 
parted thereto by a mining liquid which comprises heat 
ing a mining liquid and passing the heated liquid mixed 
with the gaseous products of combustion of the fuel used 
in heating the liquid under superatmospheric pressures 
into the subsurface region containing the substance to be 
mined whereby the substance to be mined is modi?ed by 
the heated liquid, and removing said modi?ed substance 
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from said subsurface region with the assistance of said 
gaseous products of combustion by releasing said products 
of combustion from said liquid and contacting the re 
leased gases with said modi?ed substances in said sub 
surface region. 

6. A method of subsurface mining substances which 
can be modi?ed and brought to the surface by heat im 
parted thereto by a mining liquid which comprises heat 
ing a mining liquid by means of combustion of a fuel di 
rectly in contact with and beneath the surface of the 
liquid, passing the heated liquid mixed with the gaseous 
products of combustion of the fuel used in heating the 
liquid from the heating zone into a second zone under 
superatmospheric pressure, releasing a part of the gaseous 
products of combustion in said second Zone, passing the 
eated liquid together with the remainder of said products 

of combustion from said second zone to a subsurface 
region containing the substance to be mined whereby the 
substance to be mined is modi?ed by the heated liquid, 
and removing said modi?ed substance from said subsur 
face region with the assistance of said gaseous products 
of combustion by releasing said products of combustion 
from said liquid and contacting the released gases with 
said modi?ed substances in said subsurface region. 

7. A process as claimed in claim 5 wherein additional 
gaseous ?uid is added to said mining liquid under super 
atmospheric pressure at a point between said heating zone 
and said subsurface region. 

8. In a system for mining substances from subsurface 
regions with a mining ?uid, the combination of, means for 
heating said mining ?uid in a closed heat exchange cham 
ber, a surge drum comprising a closed ?uid tight vessel, 
a passageway connecting said surge drum with said heat 
exchange chamber, means for releasing incondensible 
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gases from said surge drum, inlet passageway means for 
passing a heated liquid and gaseous products of combus 
tion from said surge drum to a subsurface region con 
taining a substance to be mined, outlet passageway means 
from said subsurface region to the surface of the ground 
for removal of the substance to be mined and means in 
said inlet passageway for separating said gaseous products 
of combustion from said heated liquid and for passing 
said separated gaseous products. of combustion into the 
mined substance ?owing in said outlet passageway. 

9. In a system for mining substances from subsurface 
regions with a mining liquid, a combination of, means for 
heating said mining liquid in a- closed heat exchange 
chamber to produce a heated mining liquid and gaseous 
products of combustion, inlet passageway means for pass 
ing said heated liquid and at least a portion of said gaseous 
products of combustion to a subsurface region containing 
a substance to be mined; outlet passageway means from 
said subsurface region to the surface of the ground for 
removal of the substance to be mined and means for 
bleeding said gaseous products of combustion from said 
inlet passageway into saidv mined substance flowing in said 
outlet passageway at a point above the lowermost end 
of said outlet passageway. 
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