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ABSTRACT OF THE DISCLOSURE 
A cable-suspended, submergible electric pump installa 

tion for use in a well casing, including concentrically con 
nected pump, motor and motor protecting units. A re 
trievable cylindrical liner encircles the cable and extends 
into the well casing from ground level to enclose the dis 
charge head of the pump unit, where a shoe is provided 
on the liner to actually support the installation at a pre 
determined operative elevation in the well. The pump 
intake communicates with the well fluid in the casing, and 
the pump discharges to the earth's surface through the 
liner. The annulus between the liner and casing acts 
as a gas separator. All electrical connections and splices 
are made in a low pressure zone effected by the pump in 
take, removed from the high pressure zone influenced by 
the pump discharge, to avoid the detrimental effects of 
high pressure on the connection and splices. The instal 
lation also includes means to permit the flushing of sand 
which may accumulate in the liner adjacent the pump dis 
charge head. 

BACKGROUND OF THE INVENTION 

In previous wire-line, suspended electric pump instal 
lations, such as disclosed in Arutunoff Pat. No. 3,411,454, 
issued Nov. 19, 1968, the installation was suspended in an 
existing casing and locked in position by an expandible 
slip arrangement located below the discharge tube of the 
pump unit, the area of the casing immediately below the 
pump discharge being provided with a rubber packer. The 
cable connections and splices were made above the packer 
and thus were subjected to the high pressure zone in the 
casing adjacent and above the pump discharge. This high 
pressure had a deleterious effect upon the cable connec 
tions and splices in that moisture under constant pressure 
was inclined to seep into the splices. 

Furthermore, if repairs were required or a quantity of 
sand collected adjacent the pump discharge, it was neces 
sary to pull the entire assembly, including the loaded 
packer, all the way out of the casing as a Swab. 

SUMMARY OF THE INVENTION 

The present invention employs the same general type 
of coaxially arranged, superposed pump, motor and no 
tor protecting units suspended by a cable or wire line, 
but instead of using slips for anchoring the assembly di 
rectly to the interior of the casing, a tubular liner spaced 
inwardly from the existing casing, encircles the cable and 
encloses the discharge head of a pump unit, means being 
provided in the liner for supporting the suspended in 
stallation at a predetermined operating level in the cas 
ing. Instead of employing the casing for conducting the 
column of pumped fluid to the surface, in the present 
invention the liner which supports the pump unit is em 
ployed for conducting the pumped fluid to the surface. 

Furthermore, in the present invention, relatively sim 
ple means are provided for flushing an accumulation of 
sand from the liner, adjacent the pump discharge by 
simply permitting relative longitudinal movement of the 
pump installation with respect to the surrounding liner. 

Another important feature of the present invention 
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2 
resides in the relationship of the pump discharge head 
and a supporting shoe forming a part of the liner, where 
by a packing between the shoe and pump discharge head 
eliminates the necessity of a packing in the well casing, 
Such as required in said prior patent, and also acts to seal 
off the high pressure zone from the low pressure zone 
where the electrical connections and splicing are effected. 
Another feature of the present invention is that the 

liner is retrievable and the suspended pump and motor 
assembly is of a diameter which permits its bodily with 
drawal to the surface through the liner. Thus, the liner 
and the pump assembly may be jointly withdrawn from 
the casing, or the pump assembly can be separately with 
drawn through the liner. 
A further advantage of the use of a liner in the present 

invention is that the annulus between the liner and well 
casing acts as a gas separator. 
With the above and other objects in view which will 

appear as the description proceeds, the invention con 
sists in the novel features herein set forth, illustrated in 
the accompanying drawings, and more particularly pointed 
out in the appended claims. 

DRAWINGS 

Referring to the drawings in which numerals of like 
character designate similar parts throughout the several 
WeWS 

FIG. 1 is a sectional view showing the pump installa 
tion and supporting liner in place in a well casing; 

FIG. 2 is a similar view showing the upper portion of 
the casing, liner and cable at ground level and actually 
represents a vertical continuation of FIG. 1; 

FIG. 3 is an enlarged sectional view showing the en 
gagement of the pump discharge head with the support 
ing shoe connected to the liner; and 

FIG. 4 is a similar view showing the pump head in 
elevated position with respect to the supporting shoe 
when it becomes necessary to flush accumulated sand 
from the area of the liner surrounding the pump head. 
DETAILED DESCRIPTION OF THE INVENTION 
Referring to FIGS. 1 and 2 of the drawings, 10 rep 

resents a conventional well casing which extends from 
the earth's surface into a fluid producing formation. A 
pump installation comprising an electrically driven 
centrifugal pump unit 11, a motor protector unit 12, and 
a pump motor unit 13, coaxially arranged in superposed 
relation, is lowered into a retrievable liner 14 which ex 
tends partially into the well casing from the earth's sur 
face. The liner 14 is secured at its upper end by liner 
head 15 (FIG. 2) and is of sufficiently reduced diam 
eter with respect to the well casing 10 to provide an 
annular passageway 16 between the liner and casing for 
the discharge of separated gas through gas outlets 17 in a 
casing head 18, as hereinafter referred to. 
The pump installation is suspended in the liner 14 

by a weight supporting and electrical conducting cable 
19, which is supported at the earth's surface by any 
Suitable means, such as the cable clamp diagrammatically 
shown at 20 in FIG. 2. The cable 19 extends downwardly 
through the liner head, and at its lower end, the weight 
Supporting strands of the cable are attached to the 
pump installation at 22 by any suitable means, such, for 
example, as that shown in the Arutunoff Pat. No. 
3,424,485. 

In the present invention, the electrical conducting 
wires in the core of the cable extend downwardly from 
the cable anchor 22 into a connecting or splicing cham 
ber 23, where they are suitably connected to conducting 
wires 24 extending downwardly alongside the pump in 
stallation to the motor unit 13, as seen in FIG. 1. 
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As best seen in FIG. 3, the lower end of the liner 14 
threadedly engages a supporting shoe 25, the lower 
portion of which is thickened as at 21 to provide an 
annular inclined shoulder 26 which is adapted to sup 
port a complementary radially enlarged flange 27 formed 
at the upper extremity of the pump discharged head 28. 
The splicing chamber 23 is threadedly secured to the pump 
discharge head 28 above the flange 27, as at 23a (FIG. 
3), and a suitable seal 23b is provided to seal off the 
interior of the splicing chamber from the interior of the 
liner, as will later appear. 
The inner diameter 26a of the enlarged portion 21 

forming the shoulder 26 in the shoe 25 is of a size to 
receive the pump installation including the pump 11, 
protector 12 and motor 13 to permit the withdrawal of 
the units of the entire installation below the flange 27, 
through the liner. Also, the liner and the supported 
pump installation can be withdrawn simultaneously from 
the casing. 
A passageway 29 extends diagonally through the pump 

discharge head 28 from the interior of the splicing 
chamber 23 to receive the spliced conductors 24, which, 
as before stated, extend downwardly to the motor along 
side the pump unit and installation. The discharge head 
28 is also provided with discharge passageways 30 
which are directed to conduct the pumped fluid entering 
the pump through intake 11a to the interior of the liner 
14, which, in turn, conducts the pumped fluid to the liner 
head 15 where it is discharged through passageways 
15a (FIG. 2). 
As previously pointed out, one of the primary features 

of the present invention resides in its provision of means 
for making all electrical connections and splicing in a 
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low pressure zone, as distinguished from prior Pat. No. 
3,411,454, where splicing was accomplished in a high 
pressure zone adjacent the pump discharge. In the present 
invention, a low pressure zone surrounds the pump in 
take 11a and the collective pump installation, and, of 
course, extends upwardly through the casing 10. A high 
pressure zone exists upwardly beyond the pump dis 
charge head 28, where fluid under high pressure is 
forced upwardly through the liner 14 and around the 
splicing chamber 23. As seen in FIG. 3, the interior of 
the splicing chamber 23 is in communication with the 
low pressure zone of the casing through passageways 29 
which receive the conductors 24, rubber O-ring seals 31 
being provided between the pump discharge head 28 and 
the annular thickened end 21 of the shoe 25 to prevent 
the high pressure in the liner 14 adjacent the discharge 
ports 30 of the head 28, from entering the interior of the 
splicing chamber 23 through passageways 29, and con 
fines the high pressure within the liner 14. In addition to 
the sea 23b at the lower end of the liner, where it con 
nects to the pump discharge head, the upper end of the 
splicing chamber may be sealed at 32 by any suitable 
means to insure the maintenance of low pressure in the 
splicing chamber. Thus, deleterious effects of high pres 
sure on the electrical connections and splicings are 
avoided. 
A further advantage of the pump discharge head and 

liner shoe arrangement of the invention relates to the 
flushing of accumulated sand from the liner adjacent 
the pump discharge head. As best seen in FIG. 4, the 
pump installation normally resting on shoulder 26 can 
be lifted by the suspending cable 19, so as to disengage 
the flange 27 of the pump head from the shoulder 26 of 
the shoe 25. With the discharge head 28 thus elevated in 
the liner, accumulated sand may be flushed from around 
the pump head and downwardly through the central open 
ing in the thickened portion 21, into the well casing 10. 
Upon completion of this operation, the pump installation 
is lowered by the cable 19 to its operative position with 
the flange 27 again engaging the shoulder 26. 

If desired, suitable means may be provided for seal 
ing and stabilizing the cable 19 above its connection to 
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4 
the pump installation. For example, as seen in FIG. 2, 
a seal tube 33 may surround the upper portion of the 
cable within the liner 14, and a cable seal 34 seals the 
cable within the tube 33 so as to prevent the loss of 
pressure where the cable enters the assembly. The tube 
33 may be centralized by suitable spiders or the like 35 
engaging the interior of the seal tube 33. 
The preferred form of the invention herein described 

is used when sufficient space is available to allow the 
installation plus the conductors 24 to be inserted through 
the shoe 25. In this form, the pump 11 is located at the 
upper end of the installation with the motor 13 at its 
lower end. In the event that only limited space is avail 
able, that is, where the size of the casing 10 limits the 
diameter size of the liner and shoe, the units of the 
installation may be reversed so that the motor unit is at 
the top of the installation and the pump unit is at the 
bottom. In this case, the conductors 24 would be directly 
connected to the motor from the splicing chamber 23, 
and it would be unnecessary to carry the conductors 
downwardly alongside the installation as in the preferred 
form. 

Referring again to FIGS. 1 and 2, it will be seen that 
the arrangement illustrated not only provides for the 
delivery of oil from a well casing through the liner to 
the surface, but the annulus 16 between the liner and 
casing provides a means for gas separation to be ef 
fected. The gas bubbles up through this annulus and is 
discharged through ports 17 in the casing head 18, which 
minimizes the gas content of the fluid being pumped 
through the liner 14. 

Also, as shown in FIG. 1, rubber sand checks 36 may 
be provided at strategic points in the liner to reduce the 
accumulation of sand around the pump discharge head. 

It will be apparent that this invention affords the ad 
vantages of wire-line, suspended pump installations, such 
as described in Arutunoff Pat. No. 3,411,454, but over 
comes certain disadvantages of such structures. The con 
ductors of the cable are spliced in a low pressure Zone, 
and thus are not affected by the high pressure resulting 
from the pump discharge. The pump discharges into the 
retrievable liner through the shoe which acts as a packer. 
This offers the advantage of being able to dump the liner 
of sand by simply lifting the pump installation through 
the shoe and eliminates the need to swab the well as with 
a permanent packer. It also provides for gas separation 
through the annulus between the liner and the well casing. 
From the foregoing, it is believed that the invention 

may be readily understood by those skilled in the art 
without further description, it being borne in mind that 
numerous changes may be made in the details disclosed 
without departing from the spirit of the invention. 
We claim: 
1. A wire-line, suspended pump installation for a well 

casing, comprising an electric motor driven pump having 
a discharge head, a radially projecting annular flange on 
said head, an electric conductive cable having means for 
connecting the same to said pump for suspending the 
latter in said well casing and for energizing the motor 
of said pump, a retrievable liner extending downwardly 
in said casing from the earth's surface, spaced radially 
inwardly from the wall of said casing, said liner sur 
rounding said cable and pump discharge head, an in 
wardly directed annular abutment on said liner under 
lying said discharge head flange for supporting said 
pump and positioning the same at a predetermined oper 
ative level in said casing, the intake of said pump come 
municating with the interior of said well casing below 
said liner, the discharge head of said pump discharging 
into the interior of said liner above said flange and sup 
porting abutment, means at the junction of said discharge 
head and liner for sealing the interior of said liner from 
said casing, the external diameter of said pump installa 
tion below said discharge head flange being sufficiently 
less than the internal diameter of the opening in the 
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annular abutment on said liner to permit the independent 
bodily withdrawal of said pump installation from said 
liner by said cable, and the engagement of said pump 
head flange and liner abutment permitting joint with 
drawal of said pump installation and liner from said 
casing. 

2. An installation as claimed in claim 1, wherein the 
conductive wires of said cable are spliced to the pump 
motor conductors in a low pressure Zone, isolated from 
the high pressure zone of said pump discharge. 

3. An installation as claimed in claim 1, including a 
conductor splicing chamber in said liner above said pump 
discharge head, means sealing said chamber from the 
interior of said liner, and means for placing the interior 
of said chamber in communication with the fluid in said 
casing below said discharge head, whereby the electrical 
connections and splicings for said installation are all iso 
lated from the high pressure discharge zone of said liner. 

4. An installation as claimed in claim 3, wherein said 
splicing chamber is fixed to and forms a part of said 
suspended installation, said cable weight-supporting con 
necting means being at the upper end of said chamber. 

5. An installation as claimed in claim 1, wherein said 
annular discharge head flange rests freely upon the upper 
portion of said annular liner abutment, whereby said 
pump installation may be elevated in said liner by said 
cable to disengage said flange from said abutment to 
break the seal between said liner and pump discharge 
head for flushing sand accumulated in said liner around 
said discharge head past said annular abutment into said 
casing. 
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6. A wire-line, suspended pump installation for a well 

casing, comprising an electric motor driven pump having 
a discharge head, an electric conductive cable having 
means for connecting the same to said pump for suspend 
ing the latter in said well casing and for energizing the 
motor of said pump, a retrievable liner extending down 
wardly in said casing from the earth's surface, spaced 
radially inwardly from the wall of said casing, said liner 
Surrounding said cable and pump discharge head, means 
associated with said lines for supporting said pump and 
positioning the same at a predetermined operative level 
in said casing, the intake of said pump communicating 
with the interior of said well casing below said liner, 
the discharge head of said pump discharging into the 
interior of said liner above said supporting means, means 
at the junction of said discharge head and liner for seal 
ing the interior of said liner from said casing, and means 
for splicing said conductive cable to the conductors lead 
ing to said pump motor, Said splicing means being 
located above said pump discharge head in a low pres 
sure zone isolated from the high pressure zone created 
by said pump discharge. 
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