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1. 

3,292,377 
N-GROUND STORAGE FACLITY WITH FOOT 
ING SECTIONS AND METHOD OF INSTALLING 
THE SAME 

Frederick J. Sanger, Hanover, N.H., assignor to Conch 
International Methane Limited, Nassau, Bahamas 

Fied Apr. 9, 1964, Ser. No. 358,421 
7 Claims. (C. 61-5) 

This invention relates to “in-ground" storage of liquid 
gases, i.e., the storage of liquid gases at very low ten 
peratures in a roofed-in open excavation in the ground, 
and has for its primary purpose the provision of a novel 
type of wall and footings for a liquid-and-gas-tight Wall 
surrounding the upper portion of such an excavation. 
There is a need in modern gas technology for storing 

very large quantities of fuel gas in liquid form, commonly 
LNG (liquid natural gas consisting chiefly of methane 
gas), at locations accessible to large-scale industrial and 
general users of such fuels. A recent technique for pro 
viding such storage consists of so-called "in-ground" stor 
age reservoirs, which are essentially large pits excavated 
in the surface of the ground by techniques generally simi 
lar to those used in excavating for large-scale substruc 
tures. These reservoirs are typically more than a hun 
dred feet across by more than a hundred feet deep. They 
are covered with a liquid-and-gas-tight roof which is, suit 
ably insulated, and used to store the liquid gas attempera 
tures from -40° F. to -258 F. or even lower. Where 
these excavations are made in Saturated soil, the natural 
moisture in the soil freezes to provide a fluid-tight frozen 
wall of great thickness, typically 10-20 feet, which serves 
also as a fluid-tight insulating barrier to retain the ex 
tremely low temperature of the fluid. In typical situa 
tions in the United States and in many other parts of the 
world, the terrain in which the hole is dug consists of a 
relatively thin overburden of soil ranging from 15-50 
feet in thickness, resting upon a comparatively hard and 
impervious stratum of rock. The necessary excavation 
thus extends not only through the overburden of soil, but 
also extends well into the rock, in some cases for 150 feet 
or more. The overlying soil portion of the excavation 
typically contains water up to the level of the water table 
in that particular area, but except during or after heavy 
rains, the ground very near the surface is usually rela 
tively dry and does not contain sufficient moisture to 
form a reliable liquid seal upon freezing. It is therefore 
desirable and even necessary in many locations to provide 
an impervious wall at the upper portion of the in-ground 
excavation to insure proper retention of the fluid and the 
gaseous vapor contents stored in the reservoir. This wall 
may be made of a number of suitable materials, but usu 
ally the cheapest material for the purpose is concrete. 
However, a concrete wall is very heavy, and must be set 
upon proper footings in order to be adequately supported. 
Under the conditions frequently encountered in practice, 
this presents surprising difficulties. 
A preferred method of making the above-described 

excavation, at least at the top portion where soil must be 
removed, is to freeze a large annulus of soil circumscrib 
ing the desired excavation, and then to remove the earth 
from within the annulus. This technique ensures main 
tenance of a rigid soil structure outside of the excavated 
portion, without the necessity of "timbering” or sheet 
piling the earth walls of the reservoir to prevent collapse 
or inward sliding, and obviates pumping. It must be re 
membered that in normal use this earth will be main 
tained far below freezing temperature by the contents, 
and it is therefore only necessary to initially pre-freeze 
the soil and to maintain it frozen until the completed 
reservoir is filled with liquid gas. 
The above circumstances define the environment in 
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which footings must be provided for the above-described 
heavy wall at the upper perimeter of the excavation. 
Normally, poured concrete footings would be used, but if 
this were done before the soil is frozen, there is a virtual 
certainty that the footings will move differentially in the 
soil as the excavation proceeds because of irregular vol 
ume changes of the soil in freezing. On the other hand, 
if the concrete is poured after the soil is frozen, the ten 
perature is so low that the cement will not harden prop 
eriy; at the same time, while the cement is setting, the 
heat of hydration will tend to damage the frozen soil by 
thawing it. It is a major object of the invention to obvi 
ate this difficulty by the use of pre-cast, pre-stressed con 
crete blocks of a special construction, which are en 
bedded in a special mixture so that they can be properly 
aligned at low temperatures, as will be described below. 
Another object is to provide footings for a heavy wall 

in a liquid gas in-ground storage reservoir, which can be 
economically installed under the above adverse condi 
tions, which can be properly aligned to permit accurate 
placement of a wall thereon, and which can be provided 
with means for accommodating very considerable changes 
in radial dimensions due to thermal contraction at the 
extremely low temperatures involved. 

Still another object is to provide a footing and wall 
construction which is gas-and-liquid tight, and which is 
pre-stressed in such a manner as to oppose the stresses 
due to the extremely low temperatures existing under nor 
mal working conditions. 
The specific nature of my invention, as well as other 

objects and advantages thereof, will clearly appear from 
a description of a preferred embodiment as shown in the 
accompanying drawings, in which: 

FIG. 1 is a schematic sectional elevation view of a 
storage tank embodying the invention; 
FIG. 2 is an enlarged detail view similar to a portion 

of FIG. 1, showing the footing structure; 
FIG. 3 is a plan view of the storage tank showing the 

freeze pipes; 
FIG. 4 is a plan view of a footing unit; 
FIG. 5 is a sectional view taken transversely of the ion 

gitudinal axis of the unit of FIG. 4; 
FIG. 6 is a side elevation of a central portion of a foot 

ing unit; - 
FIG. 7 is an end elevation of a footing unit; and 
FIG. 8 shows the junction of two footing units. 
FIG. 1 shows the general plan of a reservoir built 

according to the invention. The major portion of the 
excavation is made in an impervious stratum 2 of rock, 
or in any case, of hard, Substantially impermeable ground 
formations, which may comprise a number of distinct 
strata. Overlying this is a depth of soil of other relatively 
permeable ground material which is typically naturally 
or artificially saturated with water up to a level 4 higher 
than the base of the footing 8 described below. The 
ground level may be the natural ground level, or it may 
represent an elevated ground level due to the presence 
of soil which has been removed from the excavated por 
tion and used to bank up part of the reservoir structure. 
A circle of refrigerating pipes 6, typically six-inch steel 
piping, Surrounds the perimeter of the excavation, the 
piping being Supplied, prior to filling the reservoir, with 
any suitable refrigerant at a temperature sufficiently low 
to maintain the soil for a distance of several feet on 
either side of the pipes in a frozen condition. After the 
soil has reached a suitable frozen condition and thick 
ness, the excavation is commenced, until it attains the 
desired dimensions, the cylinder of frozen ground acting 
as a cofferdam. 

After the excavation is formed, a ledge being cut back 
in the soil below the ground water level as shown at 7, 
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a bed of sand and grease S, typically about two inches 
thick, is mortared to the frozen ground, after which the 
blocks 8', which serve as pad and footing, are installed 
by crane. These blocks are quite large, for example about 
3 feet wide by 18 inches deep by 15 feet long. They 
are made of precast, reinforced, prestressed concrete so 
designed that thermal stresses will be practically com 
pensated for by the prestressing. Keys and recesses are 
made on each block to key them in place. The grease 
sand bedding mixture 8 is selected to be of such composi 
tion that it will remain plastic at the low temperatures 
involved in the normal construction of the reservoir. 
The footings 8' serve to support a wall 9, which typical 

ly extends from several feet below the ground level to 
several feet above the ground level, and in turn usually 
supports or is connected to a roofing structure 11 in any 
known fashion, this being not a part of the present in 
vention. The wall 9 may be made of any suitable mate 
rial, e.g., metal, but in practice the economic factors 
dictate the use of concrete, which is usually the least 
expensive material capable of giving satisfactory perform 
ance under the existing operating conditions. In the pres 
ent installation, the wall 9 is made up of a plurality of 
precast, vertically prestressed concrete panels 9a, 9b, etc., 
as shown in FIG. 3. These are installed vertically by 
means of cranes, and are fitted edge-to-edge, using suit 
able keys as shown at 10, where desired. The bottoms of 
the panels, constituting the entire wall bottom, rest in an 
annular trough 13 set into the top of the footings 8'; this 
trough is filled with arctic grease having a suitable com 
position for the temperature employed, which serves both 
as a lubricant between the footing and the wall, and also 
to provide a fluid-and-gas-tight seal at low temperatures. 
Arctic greases having the necessary characteristics are 
known, and military specifications exist for the composi 
tion of such greases, composed of wax-oil mixtures. 

After the entire wall is installed, it is tightly wrapped 
with many turns of steel wire or cable 14, under con 
siderable tension, to further prestress the circular wall 
in the radial direction. Suitably, the wrapped exterior 
may then be coated with sprayed-on mortar, shotcrete, or 
finished in any similar manner to both seal the exterior 
of the wall and to protect the cables against corrosion. 
Additionally, suitable insulation will be placed on the 
inside or the outside of the wall (or both) as desired and 
a flexible liner or jacket completes the wall. The precise 
wall construction and manner of prestressing are not per 
se the subject of the present invention. 
As an aid in limiting the displacement of the footings 

8', they may be tied back to the freezing pipes 6, as 
shown at 16. 

It will be noted that the relationship between the foot 
ings and the wall is such that the wall can contract radial 
ly inward when the temperature drops due to filling of the 
reservoir. The arctic grease 13 permits radial relative 
motion between the wall and the footings, while retain 
ing the wall substantially in place. 
As a possible alternative construction, the walls could 

be cast in place on the footings, once the footings have 
been set in place; however, this would be more difficult 
than the precast panel method, because of the high tem 
perature stressed due to the low temperature of the base 
and its environment at this stage of the process (-40 
F.). When the tank is filled, the temperature is still 
further reduced to about -259 F., with great shrinkage 
of the concrete, which causes tensile stresses which could 
tear the entire structure apart. The above described pre 
stressing process puts the concrete wall into an initial 
condition of stress which is opposite to that produced by 
the shrinkage due to the reduction of temperature, and 
thus acts to counteract the destructive effects of such 
shrinkage. The harmful effect of such stresses is mini 
mized by making the wall as thin as possible, and in a 
typical case, for a reservoir which may be approximately 
200 feet in diameter, the thickness of the wall will be 
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approximately eight inches. The wall can be held to this 
thinness, and still retain the necessary strength, only by 
prestressing. 
FIG. 4 shows a plan view of one of the footing sec 

tions. This section is made arcuate so that the assembly 
of the footings will define the circular perimeter of the 
wall which is placed above them. A typical length, in 
this case, for a storage tank 115 feet in diameter, is ap 
proximately 19 feet for a footing section. For this size 
tank, the footing was three feet wide and two feet thick. 
It will be seen that such a massive section must be 
handled by heavy hoisting machinery. 
At intervals in the annular trough 13 are set further 

rectangular recesses 21 to facilitate the assembly of the 
wall panels, the joints of which come over recesses 21. 
Recesses 21 are grouted after assembly. The annular 
recess 13 is filled with arctic grease after the wall is in 
place. 
As shown in FIGS. 7 and 8, the adjoining ends of foot 

ing sections are preferably suitably keyed as shown at 22 
and 23 to assist in providing and maintaining alignment. 
The ends of the footings are buttered up with arctic 
grease as the sections are set in place, in order to exclude 
any possibility of moisture penetration before the tem 
perature of the tank is lowered. 

It will be apparent that the embodiments shown are 
only exemplary and that various modifications can be 
made in construction and arrangement within the scope 
of my invention as defined in the appended claims. 

I claim: 
1. In the method of constructing a reservoir for stor 

age at substantially atmospheric pressure of fluids at 
temperatures far below the freezing point of water, which 
method comprises the steps of prefreezing an annulus 
of liquid-bearing soil in the surface of the ground, excava 
ting a storage pit in the ground within said annulus, and 
filling the reservoir with low-temperature liquid to be 
stored, the steps of 

(a) providing an exposed annular horizontal surface 
in the ground around the perimeter of said pit, below 
the ground level, 

(b) laying a plastic bed of low-temperature grease and 
particles of a suitable inert filler material on said 
exposed surface, 

(c) preforming a series of movable solid footing sec 
tions above ground, 

(d) laying end-to-end on said bed said solid preformed 
footing sections to form a continuous footing on 
said annular horizontal surface, 

(e) applying a low-temperature grease to the upper 
Surface of said footing sections, 

(f) erecting a wall on said footing sections, and 
(g) installing a suitable cover sealed to said wall. 
2. The invention according to claim 1, said exposed 

annular horizontal surface being dug below the water 
saturated level of the ground. 

3. The invention according to claim 1, wherein a lubri 
cating layer of grease is maintained at all times between 
said wall and said footing sections. 

4. The invention according to claim 1, said footings 
being of precast and prestressed concrete so stressed as 
to at least partially compensate for the thermal stresses 
due to the low temperature of the liquid in the reser 
voir. 

5. The invention according to claim 1, said wall being 
formed of prefabricated wall sections lowered onto said 
footing sections. 

6. An in-ground storage facility for liquids having a 
boiling point below the freezing temperature of ground 
water comprising means for prefreezing an annulus of 
liquid-laden soil adjacent to the upper perimeter of a 
large, open excavation in the ground, 

(a) a horizontal footing surface formed in the ground 
adjacent to the upper perimeter of said excavation, 
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(b) a plastic layer of low-temperature grease and a 
loose filler material laid in said footing surface, 

(c) a series of massive preformed, solid footing sections 
laid end-to-end on said plastic layer with their upper 
surfaces in horizontal alignment, 

(d) a closed wall resting on said footing sections and 
extending upwardly to above ground level, and 

(e) a vapor-tight roof over said excavation and joined 
by liquid-and-vapor-tight sealing means to the wall 
of said excavation. 

7. The invention according to claim 6, said horizontal 
footing surface being below the water-saturated level of 
the ground. 
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