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Patented May 5, 1959 

2,884,761 
PUMP NTAKE APPARATUS 

Elburt S. Miles, Oklahoma City, and Edward W. Porter, 
Dewey, Okla., assignors to Phillips Petroleum Com 
pany, a corporation of Delaware 

Application July 6, 1954, Serial No. 441,244 
4 Claims. (C. 61-5) 

This invention relates to a pump intake apparatus. In 
a more specific aspect, this invention relates to an im 
proved pump intake apparatus in an underground storage 
system for liquefied gases. 
New developments have occurred recently in the under 

ground storage of liquefied gases, due in a large measure 
to the demand for such materials on a seasonal basis. 
Surface storage of liquefied gases is exceedingly expensive 
and therefore storage of these materials in caverns un 
derground has been found to be useful and economically 
attractive. In general, there are two types of such under 
ground storage systems. One type which has found wide 
usage comprises a well or cavern dissolved out of a salt 
bed. The salt well is usually dissolved out by the intro 
duction of fresh water until a well of sufficient capacity 
has been formed. The walls of such a salt well are im 
pervious and do not adversely affect the quality of many 
liquefied gases such as liquefied petroleum gas. The 
other general type of underground storage system which 
is finding general acceptance is a system of caverns which 
are mined out of an impervious rock such as a shale 
rock. In this type of underground storage system a verti 
cal shaft is mined down to the level of the shale rock 
bed in which the cavern is to be located and caverns 
are mined out of this bed and connected to the central 
shaft by tunnels, 

Underground storage systems such as those described 
above may or may not have a lining material to prevent 
caving or sloughing of the cavern walls. Whether or 
not such a lining is present, caving and sloughing of the 
cavern walls is an ever-present problem. This problem 
is even more important where the stored fluids are re 
moved from the underground storage systems by a down 
hole pump, rather than a fluid pressuring arrangement, 
since caving of the cavern walls can seal or bury the 
intake to the pump causing expensive repairs or even 
permanent loss of storage capacity. Where such a down 
hole pump is used for removal of the stored fluid, the 
pump is usually placed as near to the floor of the under 
ground storage system as is possible so that the maximum 
amount of the stored fluids can be removed from the 
system. However, this placement of the pump near the 
floor of the system increases the danger that the pump 
intake will be sealed off by caving or sloughing of the 
cavern walls. In extreme cases such caving can cause a 
major portion of the underground storage system to be 
come unavailable for further use since a new pump in 
take pipe cannot be lowered into place through the debris. 

It is, therefore, an object of this invention to provide 
an improved pump intake apparatus. 

It is a further object to provide an improved pump 
intake apparatus for use in underground storage systems 
for fluids. 

It is a still further object to provide a pump intake ap 
paratus which permits withdrawal of the stored fluids 
from the lowest point in the storage system during normal 
operations, but which permits withdrawal from a higher 
point in the underground storage system in the event that 
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the lower intake is sealed off due to caving of the cavern 
walls. 
We have discovered a pump intake apparatus which 

fulfills the foregoing objects of this invention and which 
comprises a downhole pump and a pair of concentric 
pipes surrounding said pump, the inner pipe being per 
forated in a region adjacent to the intake of said pump. 
The outer pipe is closed at its ends, attached at its ends 
to the walls of said inner pipe, and is perforated in a 
region adjacent to but below said inner pipe perforations 
and is perforated in at least one region above the intake 
to the pump. In the event caving of the cavern walls 
should occur to seal the lower perforations in the outer 
pipe, the outer pipe prevents the perforations in the 
inner pipe from being sealed and permits stored fluid to 
be withdrawn through the upper perforations in the outer 
pipe. 
The foregoing and other objects and advantages of this 

invention will become more apparent and more readily 
understood when read in conjunction with the drawings 
wherein: 

Figure 1 is a diagrammatic sketch, partially in section, 
of a salt well for the storage of fluids having a central 
vertical shaft and a downhole pump disposed in the pump 
intake apparatus of the present invention; 

Figure 2 is a diagrammatic sketch, partially in sec 
tion, of a salt well for the storage of fluids having a pair 
of vertical shafts and a downhole pump disposed in the 
pump intake apparatus of this invention; and, 

Figure 3 is a diagrammatic, vertical section of the 
lower portion of a mined cavern for the storage of fluids, 
showing a vertical shaft, a lower tunnel connecting said 
shaft to said cavern, and a down hole pump disposed in 
the pump intake apparatus of the present invention. 

Referring to Figure 1, we have shown a salt well or 
cavern 1 connected by a vertical shaft 3, to the surface 
of the ground. The shaft 3 extends below the floor 5. 
of the cavern to form a sump 7 below the floor of the 
cavern. A metal liner 9 lines the shaft from the surface 
of the ground to the roof of the cavern 1 and is held 
firmly in place by cement 11. A well head 13 closes 
liner 9 and seals the contents of the well from the at 
mosphere. Pipe 15 provides communication through the 
side of the liner 9 below well head 13. A valve 17 
controls pipe 15 and fluids to be stored in the well can 
be introduced through valve 17 and pipe 15 into shaft 3. 
A casing 19 extends through well head 13 into shaft 3 

to the bottom of sump 7 where it is secured in place by 
cement 22. A casing head 23 seals the contents of the 
casing and a pipe 25 in the wall of the casing 19 below 
the casing head 23 and above well head 13 provides an 
additional entry point for the introduction of fluids to 
be stored in the well. A valve 27 controls pipe 25. 
A downhole pump 29 is disposed within the casing 19 in 

the region of the floor 5 of the cavern 1. Pump 29 can 
be any of the well known types of downhole deep well 
pumps. The pump illustrated includes an electric motor 
31 attached to the lower end of the pump 29 by an in 
take 35. Electric motor 31 is energized by a power source 
37 at the surface of the ground which is connected to 
motor 31 by cable 39. 
Pump 29 is suspended within casing 19 by discharge 

tubing 53 which extends upwardly through casing 19, well 
head 13 and casing head 23 to suitable discharge piping 
at the surface, not shown. The discharge tubing 53 is 
controlled by valve 55. 
In order to withdraw the maximum amount of the 

stored fluids from the salt well, it is advantageous to 
place the pump so that the pump intake 35 is within 
the sump 7 and, in any event, is not higher than the 
floor of the cavern. It can be readily seen that if the 
pump were not enclosed in the casing 19, as is shown in 
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Figure 1, the intake to the pump could be sealed off 
very easily by caving or sloughing of the cavern walls. 

in accordance with this invention, the casing 9 has a 
Series of perforations 41 in a region adjacent to the intake 
of the pump. In the case where a pump is used which 
includes an electric motor attached to the lower end of 
the pump intake, as is shown in Figure 1, it is desirable 
that the upper level of the perforations 4 in the casing be 
below the motor 3. So that fluids withdrawn from the 
cavern flow past motor 3 and cool motor 3A. Further, 
in accordance with this invention, an outer pipe 43 is 
attached to casing 19. Outer pipe 43 is closed at its ends 
and is attached by welds 45 and 47 to the outer surface of 
casing 9. Pipe 43 is of sufficient length to extend from 
above the region of the top of the pump 29 to below the re 
gion of perforations 4 in the wall of casing 19. Outer 
pipe 43 has a lower series of perforations 49, the upper 
level of which is below, the upper level of perforations 41 
in casing 9. Outer pipe 43 also has at least one upper 
series of perforations 5 in the region of the top of outer 
pipe 43. 

It will be readily apparent that during normal opera 
tions the stored fluid is withdrawn from the cavern 1 
into Sump 7 through perforations 49 and perforations 41 
into pump intake 35, from whence it is passed via tubing 
53 to suitable discharge piping at the surface. 

Referring now to Figure 2, the present invention is 
illustrated in combination with an underground storage 
System which has been actually reduced to practice by 
the applicants. In Figure 2 as in Figure 3, elements 
of the drawings which are the same in Figure 1 are given 
the same reference numbers. A salt cavern 56 is con 
nected to the surface of the ground by a pair of vertical 
shafts 3 and 57. Shaft 57 provides communication be 
tween the surface of the ground and the top of the cavern 
56 and has a metal liner 59 cemented from the top of the 
well to the surface of the ground. Liner 59 is sealed by 
a well head 6 and has a pipe 63, controlled by valve 
65, in its side for introducing fluids to be stored to the 
cavern. Shaft 57 is used solely for introducing fluids to 
be stored into the well. The second shaft 3 extends 
from the Surface of the ground to a region adjacent to 
and below the floor of the cavern 56 to form sump 7. 
The lower region of the cavern 56 tapers out on one side 
to form a tunnel 58 which intersects shaft 3. The ar 
rangement of shafts and the cavern illustrated in Figure 
2 has been found in actual practice to be highly useful 
and the intake apparatus of the present invention has 
prevented any caving or sloughing of the cavern walls 
from Sealing off the intake 35 to the downhole pump 29. 

Referring now to Figure 3, the pump intake apparatus 
of the present invention is shown in a cavern mined out 
of an impervious rock, such as shale rock. A vertical 
shaft 67 extends from the surface of the ground to the 
floor of a cavern 69. 
shaft 67 by a tunnel 71. It will be noticed that in the 
embodiment shown in Figure 3 shaft 67 terminates at the 
floor 73 of the cavern. The shaft 67 usually has a metal 
liner 75 which can extend to the region of the top of cav 
ern 69, as shown, or can extend all the way to the bottom 
of shaft 67. The metal liner 75 is usually cemented 
throughout its length by cement 77. Also, an additional 
pipe 8, controlled by valve 83, extends from the surface 
of the ground into the top of cavern 69 and provides a 
separate means for admitting fluids to be stored to the 
cavern. 

It will be noticed that in the embodiment shown in 
Figure 3 the outer pipe 43 contains an additional series 
of perforations 79 and it is within the scope of the inven 
ton to provide a plurality of such series of perforations. 
Thus, an apparatus is provided which permits withdrawal 
of stored fluids from succeedingly higher levels in the 
underground storage System as caving or sloughing oc 
curs to seal off lower series of perforations in the outer 
pipe. 

The cavern 69 is connected to the : 
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A. 
In the operation of underground storage systems uti 

lizing the pump intake apparatus of the present inven 
tion, the stored fluids can be withdrawn down to the 
lowest perforations in the outer pipe which are available. 
Before any caving has occurred this means that the stored 
fluids can be withdrawn down to the lowest level of 
perforations 49. In the event caving does occur, the 
outer pipe prevents perforations 41 in casing 19 from 
being clogged. To this end, it is desirable that the upper 
level of perforations 49 be substantially below the upper 
level of perforations 45. By this arrangement, should 
caving occur, only the lower level of perforations 41 could 
be clogged due to entrance of the caved material through 
perforations 49. Thereafter, the stored material can 
be withdrawn through perforations 79 into the upper level 
of perforations 41 to the pump intake. If caving should 
occur of such proportions as to clog perforations 79, the 
stored material can be withdrawn through perforations 5i 
and perforations 41 to the pump intake. 
Where the downhole pump being used has an electric 

motor attached to the lower end of the pump, it is desir 
able that the upper level of perforations 41 be below the 
electric motor. This assures that the withdrawn fluid 
must pass and flow around the electric motor to reach 
the pump intake thereby providing desirable cooling for 
the electric motor by direct heat exchange. Obviously, 
where other types of downhole pumps are used, such as 
one driven by a rotating shaft from a source of power 
at the surface, the latter requirement does not hold true 
and perforations 41 can be placed immediately adjacent 
to the pump intake. In all cases, however, the relation 
ship of the perforations in outer pipe 43 to the perfora 
tions in casing 19 must be maintained as described herein 
before. The pump intake apparatus of this invention is 
useful in other installations as well as those specifically 
described. In general, the pump intake apparatus is use 
ful wherever caving can occur to clog or bury a pump. 

It should be apparent that the objects of this invention 
have been accomplished. The several embodiments of 
the invention shown and described herein are illustrative 
only and should not limit the invention unduly. 
We claim: 
1. In an underground storage system for fluids under 

pressure comprising an underground cavern, a shaft con 
necting said cavern to the surface of the ground, a down 
hole pump, having an intake positioned below said pump, 
suspended by discharge tubing within said shaft and dis 
posed in the region of the floor of said cavern, a casing 
within said shaft containing said pump, pump intake and 
discharge tubing and extending from the surface of the 
ground to below said pump, said casing being perforated 
in the region below the intake of said pump, and an outer 
pipe disposed about said casing closed at its ends and 
attached to said casing adjacent to the upper end of said 
pump and below the perforations in said casing, said 
outer pipe being perforated in a region adjacent to its 
upper end above the intake to the pump and being per 
forated in a region adjacent to its lower end, the upper 
level of said lower outer pipe perforations being below 
the upper level of the perforations in said casing. 

2. In an underground storage system for fluids under 
pressure comprising an underground cavern and a down 
hole pump, having an intake positioned below said pump, 
carried by discharge tubing and positioned in the region 
of the floor of said cavern, a casing containing said pump, 
pump intake and discharge tubing, said casing being per 
forated in a region below the intake to said pump, and 
an outer pipe disposed about said casing and closed and 
attached at both of its ends to said casing, said outer pipe 
extending from the region of the upper end of said pump 
to below the perforations in said casing, and said outer 
pipe being perforated in a region adjacent to its upper 
end above the intake to the pump and being perforated 
in a region adjacent to its lower end, the upper level of 
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said latter perforations being below the upper level of the 
perforations in said casing. 

3. An underground storage system for liquefied petro 
leum gases which comprises, in combination, an under 
ground cavern, a shaft connecting said cavern to ground 
level, said shaft extending to below the floor of said 
cavern to form a sump therein, a pump, having an intake 
positioned below said pump, positioned in said Sump and 
carried by discharge tubing in said shaft, a casing in said 
shaft extending from ground level to the bottom of said 
sump and containing said pump, pump intake and dis 
charge tubing, said casing being perforated in a region 
below the intake to said pump, and an outer pipe dis 
posed about said casing and closed at both ends, one of 
said outer pipe ends being attached to said casing in the 
region adjacent to the upper end of said pump and the 
other of said outer pipe ends being attached to said cas 
ing in the region below and adjacent to the perforations 
in said casing, said outer pipe being perforated in at least 
one upper level adjacent to its upper end above the intake 
to the pump and being perforated in a region adjacent 
to its lower end, the upper level of said lower outer pipe 
perforations being below the upper level of the perfora 
tions in said casing. 

4. An apparatus which comprises, in combination, a 
casing permanently fixed in the earth, a deep well pump 
suspended by a discharge tubing within and adjacent the 
lower end of said casing, said pump comprising an elec 
tric motor attached thereto and an intake, said pump 
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intake being positioned below said pump and said motor 
being positioned below said intake, said casing being per 
forated in a region adjacent to said electric motor, the 
upper level of said casing perforations being below said 
electric motor, an outer pipe concentrically disposed 
about said casing, said outer pipe being closed at its ends 
and attached at its ends to the wall of said casing, the 
lower end of said outer pipe being attached to said casing 
below the lower end of the region of the perforations in 
said casing and the upper end of said outer pipe being 
attached to said casing at a position above said pump, 
said outer pipe being perforated adjacent to its lower end, 
said latter perforations being below the upper level of the 
perforations in said casing and said outer pipe being per 
forated in at least one region above the intake to the 
pump. 
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