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The invention relates to a method of freezing an earth 
formation containing or impregnated with a liquid by 
inserting cooling tubes vertically into the earth forma 
tion and passing a refrigerant through said cooling tubes. 
The invention relates in particular to such a method 

for use in the preparation of a reservoir for the storage 
of lique?ed gases which comprises a hole in the surface 
of the earth. 

In this speci?cation the expression “lique?ed gas,” 
means liquid which boils at atmospheric pressure at a 
temperature below the ambient temperature and the ex 
pression “a hole in the surface of the earth” means a 
place in the surface of the earth which has a substantial 
area on the plane of the surface in relation to its capacity. 

Lique?ed gas can be stored successfully in a hole in 
the surface of the earth, provided that the earth forma 
tion surrounding said hole is sealed by a liquid which is 
in frozen condition at the boiling point of the lique?ed 
gas to be stored. Preferably the hole is completely 
covered by a heat-insulated roof so as to diminish the 
influx of ambient heat to the lique?ed gas stored in the 
hole. A reservoir of this kind is disclosed in U. S. Patent 
No 3,159,006. 
The hole may be a naturally occurring one or it may 

be made arti?cially by excavation or by suitable explosion 
forces. When working in a very wet earth formation it 
may ‘be desirable to freeze the water in the earth before 
carrying out the excavation. When working in dry sand 
it may be desirable to impregnate the area in which the 
hole is to be made with water, then freeze the water and 
carry out the excavation. In the case that the earth 
formation is not very wet it is possible to make the hole 
?rst by excavation and to freeze the water in the earth 
formation surrounding the hole afterwards but before stor 
ing the lique?ed gas in the hole. In all cases the earth 
formation can be frozen by means of cooling tubes in 
serted vertically into the earth and by passing a re 
frigerant through said cooling tubes. 
Now in the method according to the invention, the 

cooling tubes used are of a kind having an outer sur 
face which is provided with a continuous helical ?n. 
The continuous helical ?ns assist in the installation of 

the cooling tubes in the earth formation and they pro 
vide a better heat transfer between the cooling tube and 
the earth formation. Furthermore, the helical ?ns pro 
vide a good anchorage of the cooling tubes in the earth 
formation. Also the continuous helical ?ns make it pos 
sible to ?ll up completely with earth the spaces between 
the ?ns. 
The invention will now be further explained with ref 

erence to the drawings, in which— 
FIG. 1 shows a cross section of an earth formation in 

which the cooling tubes according to the invention are 
present; 

FIG. 2 shows a plain view of the arrangement accord 
ing to FIG. 1; and 

FIG. 3 shows in detail a cooling tube having a con 
tinuous helical ?n. 
The cooling tubes 1 are provided with a continuous 

helical ?n 2. Each cooling tube 1 is also provided with 
an inner tube 6, an inlet 3 and an outlet 4. The earth 
formation is indicated by the numeral 5. The hole to be 
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excavated in the earth formation 5 is indicated by the 
dotted line 7. 
Each cooling tube 1 can be inserted into the earth 

formation 5 by rotating it around its vertical axis and by 
exerting a downward ‘force on it. Preferably a hole 8 is 
?rst made in the earth formation and then the cooling 
tube is inserted in the hole 8. The hole 8 has about a 
diameter corresponding to the outer diameter of the con 
tinuous helical ?n 2. The spaces between the windings of 
the helical i?n 2 can be ?lled up with earth or sand 5a 
after installation by rotating the cooling tube 1 around its 
longitudinal axis. When the cooling tubes 1 have been 
inserted into the earth formation a refrigerant is intro 
duced into each inlet 3 of each cooling tube 1 by means 
of suitable piping (not shown in drawings) which is then 
attached to inlet 3. The refrigerant passes downwardly 
through the space between inner tube 6 and the outer 
wall of each cooling tube 1 and then upwardly through 
the inner tube 6. Finally the refrigerant ?ows out of 
outlet 4. By means of suitable piping, which is attached 
to outlet 4 after the cooling tubes are installed, the re 
frigerant is then led to a cooling installation for cooling 
the refrigerant down again. After passing the cooling 
installation the refrigerant is again led by means of suit 
able piping to the inlet 3 of each cooling tube 1. By 
passing the refrigerant through the cooling tubes 1, the 
liquid (in most cases water) contained in the earth forma 
tion 5 will freeze. 
When it is intended to construct a hole in the ground 

for storing lique?ed gases, the cooling tubes 1 are inserted 
into the earth formation 5 in a roughly circular manner. 
Then refrigerant is passed through the cooling tubes 1 
so that the earth formation is frozen and then a hole 
7 is excavated in the frozezn earth formation 5. Finally 
a heat insulated roof is placed over the hole in the ground. 
Instead of excavating the hole 7 after freezing the earth 
formation 5, it is also possible, however, to excavate 
the hole 7 ?rst and to freeze the earth formation 5 after 
excavating the hole 7. If the earth formation is very 
wet, however, the ?rst mentioned method is preferred. 

I claim: 
1. Method of freezing a moist earth formation com 

prising the following steps: 
(a) excavating a cylindrical hole in the surface of the 

earth; 
(b) inserting into said hole a cooling tube having a 

helical heat-conducting ?n ?xed to the outer surface 
of the tube, said ?n winding around said tube along 
the length from the inserted end thereof and having 
a slightly lesser outer diameter than said hole, said 
tube being positioned with its other end projecting 
from said hole; ' 

(c) back-?lling the space between the wall of said hole 
and the outer wall of said tube with loose water 
permeable back?ll material by adding said back?ll 
material at the top of the hole and rotating said 
tube in a direction such that the spaces between the 
windings of the helical ?n are ?lled by the back?ll 
material; 

(d) circulating a refrigerant through said cooling tube 
to freeze the moist earth in the vicinity of the tube. 

2. The method according to claim 1, said cooling tube 
having an inner conduit and an outer conduit surround 
ing said inner conduit and interconnected with said inner 
conduit at the bottom of the tube, including the step of 
passing said refrigerant from the top of the tube down 
trough one of said conduits and up through the other 
conduit back to the surface of the earth. 
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