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, The present invention relates to the transportation of 
hot liquids and, more particularly, to an improved comj 
posite pipeline and, method for transporting hot liquids 
underground or under water for long distances of several 
miles or more. The materials which can be transported 
in this manner. are those which are solid or viscous in their 
natural state but are free-?owing liquids when heated, 
such'as sulfur, asphalt, heavy. molasses and the like. , 
The mining of sulfur is economically achieved by chang 

ing it from a solid to a liquid at its source in Le‘ mine, 
and conveying the molten sulfur under pressure through 
a conduit leading from the mine to ground level. While 
this method may. present some problems where the sulfur 
mine is beneath dry land’ and no substantial overland 
transportation is necessary, serious problems arise when 
the mine is beneath the sea, requiring- transportation of 
the molten sulfur long distances to shore. 
One of the principal objects of this invention‘ is to pro 

vide a method of, and apparatus'for mining a solid mate: 
rial capable of being melted by the application of heat 
and for transporting the material over great distances in 
a molten state. , 

Another principal object of this invention is to provide 
a method of, and apparatus for mining sulfur at sea and 
transporting the sulfur to the shore. ' 
Another object of this invention is to provide such a 

system in which the material to be mined is changed to 
a liquid at its source and forced under pressure through, a 
conduit buried beneath the ground or sea ?oor while main 
taining the material in a liquid state. I 
Another object of this invention is to provide such a 

system in which the buried conduit is a composite pipe 
line and includes no expansion joints. ‘ 
Another object of the invention isto provide such a 

system including a mining station or a mining‘ platform at 
sea at which mining equipment is provided andra pre 
stressed, composite piping arrangement extending from the 
platform or station to a distant destination. ' ' 

Another object of this invention is to provide such a 
system wherein the prestressed piping arrangement is 

. buried‘beneaththe ground or sea ?oor from a point adja 
cent the platform or station to a distant destination.‘ 
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. stretched to the sea-station. 
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Another object of this invention'is to provide such a’ i 
system wherein the prestressed- condition of I the com 
posite piping arrangement is'substantiallywrelieved during 
the normal functioning of the system. 

Although/the principles of the invention. are equally 
applicable. to the mining of meltable material - and trans 
porting it ‘great distances over dry land or land incapable 
of accommodating surface transportation, they will be 
shown anddescribed as applied to;_a' system for mining 
suchja material as sulfur, where the sulfur dome is be 
neath a large body of water and at a great distance from 
shore. ' ' 1 ' 

In one aspect of the invention, an outeror main casing, 
adaptedto contain a line for conveying the molten material 
and aninsulatedjacketrline surrounding, the latter for 
conveying‘ water or other heating ?uid, may be fabricated 
on shore in sections with or without the 'rnaterial-con 
veying and jacket lines therein.“ Each section may have 

' t‘v'vo‘ parallel‘ sections of water line attached on opposite 
sides of the casing section in a manner‘to provide a multi 
line' section of piping having a' relatively Wide bottom 
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surface'a're’afor adequately supporting the piping arrange‘ 
ment withinthe soil‘at the sea bottom. A 
The three portions of eachv composite section may. be 

welded. to- succeeding sections on shore, and the initial 
sections maybe attached tova vessel (or barge) so‘that 
the pipeline is pulledout to sea as succeeding sections of 
the composite line are welded together. The assembled 
line may be pulled out. to. sea until theinitial section‘is 
spaced from a‘ mining platform by. an, amount substan 
tially equal to the thermal strain to which the casing will 
be subjected during normal operation, or by an amount 
50 to 70% thereof. 7 ' 

A sea-station of platform may be provided containing 
mechanism for prestressing the main or outer casing by 
subjecting it to a tensile stress su?icient to strain the main 
casing until it reaches thev platform or mining location. 
This may be done by providing anchors, suitably of tem 
porary nature, from which chains extend to sheaves at 
tached to the offshore end ofv the main casing, thence 
vertically upwardy to the sea-station. The sea-station may 
extend from the mining» platform to the o?shore end of 
the main casing and include a hydraulic jack mechanism 
mounted on sliding guide ways. With the shore end of 
the casingsecurely anchored, the ends of the chains op 
posite those connected to the seaward anchors may be 
raised by the jacking mechanism thereby applying an 
axial strain to the main outer casing, causing it to be 

Alternatively, the mechanism 
and power for prestressing maybe situated on shore or on 
a barge operating in-conjunction with anchors and cables. 

After the main casing is prestressed, it is buried to'a 
predetermined deptlibelow the sea bottom. Not. only 
will‘this insulate the casing against excessive heat losses, 
but when the back ?ll has developed su?‘icient shearing 
strength, such casing will remain prestressed ‘after the 
prestressing mechanism is removed or the anchorjforming 
part of thetensile stressing. apparatus andrthe shore anchor 
are disconnected; ‘ _ . 

In another aspect of'the invention, the insulated hot 
?uid conveying line that surrounds. the molten material 
conveying line within the main casing has mounted 'at 
each quadrant and externally thereof a series of rollers 
'or other antifriction meansfor facilitating its movement 
axially of the main casing, during assembly, during tem 
perature changes‘of normal'use and during replacement. 
The materialvconveying' line‘ may be provided with radi 

al pins at each of twoquadrants externally thereof for the 
purpose of spacing 'thevinaterial-conveying line eccentri 
cally within, the hot water line, providing means for con 
trolling buckling of the material-conveying line whenin 
Compression. Succeeding sections of these two lines'may 
be'weid'ed on shore and guided into the trailing or shore 
end- 'of' the previously‘ laidrnain casing or into each sec 
tion of?thegmain' casing before ‘it. is laid. The roller 
means on the outer periphery of the hot ?uid line maybe 
located at periodic intervals along the assembled lines, 
thereby facilitating the movement of the .twojlines' within . 
the main casing. ‘ r . 

p‘ ln, another aspect’ of thesinvention, the material-con 
veying and hot water lines when ?rst assembled, may er: 
tend into the main casing-to a‘ pointshort of the end ofithe 
main casing. Whenthe system is employedwith-sulfur, 'it 
Will be subjected to a temperature of about 300° F. be 
cause, although the melting point of sulfur is only 240° F ., 
its lowest viscosity occurs 'at about 300° F . and’ becomes ex 
cessive above 320° F. Accordingly,-the sulfur may enter 
the sulfur lineat 320° F. ‘at the mine and drop to about 
280° F. at‘the shore or destination’ end of the. line. In 
order to minimize stresses duej'to the‘ elevated operating 
temperatures, ‘during assembly,,water_ maybe circulated, 
in these two lines‘ within the main casing at a predeter; 
mined“temperature,v causing them‘ to expand a predeter 
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