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1

This invention relates in general to pumps of
the type used generally in pumping fluid from
deep wells: and has for its general object the
provision of such a pump which will efficiently
pump fluid simultaneously from two different
zones of production in a well and move such
fluid toward the upper end of the well without
intermingling of the production from the two
Zones.

More specifically it is an object of the present
invention to provide such a structure which will
be simple both in its construction and in its

operation and will vary from the conventional

conastruction of deep well pumps by the least
possible amount.

_ Another object of this invention is to provide
such a structure in which that portion of the
pumping mechanism ‘which pumps from the
lower zone of production will not be subject
to so-called “gas locking” in the event that the
fluid being pumped contains substantial amounts
of gas.

Another object of this invention is to provide
such a structure in which the discharge from
the portion of the mechanism which pumps from
the lower zone will be through an annular space
surrounding that portion of the mechanism
which pumps from the upper zone.

Another object of this invention is to provide

2 modified form of structure in which the pump- .

ing mechanism for pumping from the upper zone
may be located closely adjacent or within the
zone of production itself so that it may pump
efficiently from so-called low fluid level wells.

Another object of this invention is to provide
a modified form of such a mechanism in which
the space about the pumping assembly may be
packed off immediately above the upper produc-
ing zone and the pumping mechanism for pump-
ing from the upper producing zone located above
such .pack off so as to reduce the amount of
structure necessary to provide for the passage
of production from the lower zone through the
pack off.

Another object of this invention is to provide
a structure in which the necessary packing be-
tween the upper and lower cylinders, and the
standing valve for the upper cylinder may be
readily removed and inserted with the pump
actuating rod.

Still another object is to provide such a struc-
ture in which the lower pumping cylinder and
the standing valve therefore may likewise be
removed and inserted with the pumping rod.

Yet another object is to provide a two zone
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pump which will permit either zone to flow under
its own pressure while pumping the other.
Other objects and advantages of this inven-
tion will become apparent from the following
description taken in connection with the accom-

panying drawings wherein are set forth by way

of illustration and example, and not by way of
limitation, certain embodiments of this invention.

In the drawing:

Fig. 1 is a view principally in longitudinal cross
section illustrating the upper end portion of a
pump constructed in accordance with this in-"
vention located within a well casing.

Fig. 2 is a view similar to Fig. 1 111ustrat1ng
a continuation of the same structure.

Fig. 3 is still another view similar to Figs. 1
and 2 and showing a continuation of the lower
portion of Fig. 2.

Fig. 4 is a view partly in longitudinal cross

section and partly in. side elevation showing a ™~

continuation of the lower portion of Fig. 3.
Fig. b is a view similar to Fig. 4 and showing
a continuation of the lower end portion thereof.
Fig. 6 is a view similar to Fig. 5 and showing
the lowermost end portion of the pumping mech-

anism.

Figs. 7, 8 and 9 are views similar to and corre-
sponding respectively to Figs. 1, 2 and 3 but
showing a modified form of uper end construc-
tion of the pumping mechanism in which the
upper pumping cylinder is located below the
packer which packs off between the pumping
mechanism and the upper producing zone, for
use in low fluid level wells, instead of being
above such packer as shown in Figs. 1, 2 and 3
intended for high fluid level wells.

Figs. 10, 11, and 12 are views similar to and
corresponding respectively to Figs. 4, 5 and 6 but
showing a modified lower end construction for
the pumping mechanism in which the lower
pumping cylinder is not removable with the
pumping rod, so that it may be made of larger
capacity than when it is made removable through
the upper cylinder as shown in Figs. 4, 5 and 6.

Fig. 13 is a schematic view illustrating the
mechanism shown in Figs. 1 to 6 inclusive.

Fig. 14 is a detail of a portion of the mecha-
nism shown in Figs. 3 and 4 illustrating the
stuffing box for the upper zone pump secured
to the polish rod in position to be lowered into
the well tubing.

Referring now more in detail to the drawing
and particularly to Figs. 1 to 6, inclusive thereof,
the pumping mechanism is illustrated as being
located within a well casing | having openings
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2 therethrough for the purpose of admitting a
flow of fluid from an upper producing formation,
and openings 3 therethrough for the purpose of
admitting a flow of fluid from a lower producing
formation. .

The non-moving portions of the pumping
mechanism are carried on the lower end of the
customary well tubing 4 and connected thereto
by means of a special coupling or fitting § which
is threaded at 6 to the lower end of the tubing
and is provided with internal threads at 7 for
recelving the upper end of the upper cylinder
jacket 8 of the pump. The fitting 5 also pro-
vides a downwardly facing shoulder 9 adapted
to clamp against and hold in place the upper
cylinder liner 10. On reference to Fig. 2 it will
be seen that the lower end of the jacket -8 is
threadedly received at {{ by the fitting 12 and
that this fitting 12 likewise provides an upwardly
facing shoulder {3 which abuts the lower end of
the upper cylinder liner 10 so that the liner 10
is clamped in place between the shoulders 9
and 13. :

The fitting 12 is provided with external threads
15 adapted to receive the upper end of the upper
packer sleeve {18, This upper packer sleeve I8 is
internally threaded at 1T to receive the packer
.mandrel {8 and the lower end of this mandrel is
threaded into the lower packer sleeve {9 as shown
at 20. Intermediate its ends the mandrel 18
is provided with an enlargement 21 against which
are abutted the composite ring clamps 22 and 23
respectively which carry the upper and lower
packer cups 24 and 25. Each of these cups is
provided with a lip, the upper of which extends
upwardly as shown at 28 and the lower of which
extends downwardly as shown at 27 and both of
which are normally of a size slightly larger than
the interior of the casing so that they will bear
lightly against the inner surface of the casing
even when not subjected to fluid pressure. It
will be seen that pressure from above encoun-
tering the upper packer 24 will tend to spread the
lip 26 outwardly and urge it into more firm en-
gagement with the casing and Hkewise that pres-
sure from below will tend to urge the lip 27 more
firmly into engagement with the casing.

The packer sleeve 18 is provided with a down-
wardly facing shoulder externally of the man-
drel 18 and this shoulder is in turn provided with

a lip 28 adapted when the sleeve is moved down--

wardly to engage the lip 26 on the packer ele-
ment 24 and draw it inwardly away from the
casing so that it may be moved readily through
the casing. Likewise the packer sleeve (9 is pro-
vided with a lip 28a adapted to engage the lip 27
on the lower packer element 25 when the assem-
};g is being moved upwardly through the cas-

The lower packer sleeve 19 is threaded at 28 to
the cross over fitting 30 which has lateral open-
ings 31 therethrough to permit flow from the

upper producing zone through the openings 2 to’
pass inwardly through the openings 3! and into.

the upper cylinder as will be presently described.
It will be understood that by “lateral openings”
is meant any openings which will conduct fluid
from the exterior of the cross over fitting to the
interior thereof as distinguished from axially ex-
tending openings conducting fluld from one end
of the fitting to the other. This cross over fitting
also has a series of axially extending openings
or passageways 32 extending between and in
non-communicating relation to lateral openings
31 so as to provide for the conduct of fluid up-~
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wardly from the upper end of the lower cylinder
as will likewise be presently described. These
passageways 32 communicate at their upper ends
with an annular space between the interior of the
packer mandrel (8 and a thin walled tube 33.
The lower end of this tube 33 is seated within
the cross over fitting on an upwardly facing
shoulder 34 as shown in Fig. 3 and the tube ex-
tends upwardly partly through the upper packer
sleeve 16 within which it is sealed by means of
the packing 38 held in place by the gland nut 38.
The annular space 37 thus formed between the
mandrel {8 and the tube 33 provides a conduit
for the upward conduction of fluid emerging from
the passageways 32 in the cross over fitting 30.
At the upper end of this annular space 37 com-
munication is had through ports 38 in the upper
packer sleeve 18 between the annular space 37
and the annular space 39 between the casing |
and the tubing 4. Thus flow from the lower
pumping mechanism is conducted to the surface
of the ground through the annular space 39, after
emerging from the annular space 37 by which it
is conducted through the packer.

The lower end of the cross over flow connec-
tion 80 is provided with exterior threads 40
which receive the swedge fitting 41, to the lower
reduced end of which is threaded as at 42 a cou-
pling 43 receiving the section of tubing 44 which
extends downwardly to the lower producing zone
to be pumped. At an appropriate place on this
tubing 44 there is provided a packer 45 which
may be of any suitable conventional construction
such as for example the packer formed by the
elements 24 and 25 previously described. To the
lower end of this tubing 44 is threaded a special
coupling 45¢ which is internally threaded at its
lower end to receive the upper end of the tubular
guide 46 for the lower pumping cylinder.

The cross over fitting 30 is also interiorly
threaded at its lower end to receive the tubular
latching member 41. This tubular member 47
extends downwardly from the cross over fitting
30 and is split adjacent its lower end into a plu-
rality of spring fingers 48 having recesses 49
therein for a purpose presently to be described.
Just below the recesses 49 are projections 50 which
normally extend inwardly in a radial direction
to provide an effective internal diameter less than
that of the main portion of the tubular body 4T.
The extreme lower ends of these fingers are in-
wardly beveled at 51 so that they may be spread

apart slightly by an object of slightly larger di-

56

ameter than the effective diameter between the
projections 50 being pulled up from below.
The reciprocating portions of the pumping

" ‘mechanism just described are carried on con-
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ventional pumping or sucker rods 52 which may
be reciprocated by the usual means at the top
of the well or by any other means for applying
power to them either at the top of the well or ad-
Jacent the pump itself. -

To the lower end of the string of sucker rods
is secured in this instance the upper traveling
valve 53 consisting of a cage 54 in which is car-
ried a ball valve 55 adapted to seat against a
valve seat 56 carried on the upper end of the fit-
ting §1. To the lower end of the fitting 57 is
secured the polished tubular member 58 which
forms the body of the upper pump plunger and
is adapted to closely but slidingly fit within the
cylinder liner 10. The lower end of this tubular
member is connected by a fitting 59 with a special
fitting 80 having radial flow passages 61 there-
through so that flow of fluid may take place up-

!
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wardly through the pump liner (0, inwardly
th:ough the openings &f, thence wupwardly
through the fitting §9, hollow plunger body 58
and fitting 87 to pass through the traveling valve
85 and out through the openings in the cage o4
into the space within the tubing 4 around the
sucker rods 52, and thence to the surface of the
ground through the tubing 4.

The lower end of the fitting 60 is threaded to
a rod 62 which in this instance is a solid polished
rod that extends down through the tubular mem-
ber 33 and the standing valve at the lower end
thereof. This standing valve consists of an annu-
lar valve body 63 provided with a conical or
spherical seat portion 84 around its upper end,
an upstanding portion provided by the spiit
fingers 65 extending above the seat portion and
terminating in the lateral lugs 66. Intermediate
its ends this body is provided with a lateral pro-
jection having a reduced portion adapted to re-
ceive packing 67 to form a seal about the body
within the tubular member 33. Extending longi-
tudinally through this lateral projection to by-
pass the packing 67 are flow passages 88, which
emerge through the seat 84. This body €3 may
be made in any suitable manner such as by
making the parts which are inwardly and out-
wardly respectively from the passages 68 as sep-
arate tubular members, slipping them together,
inserting spacers between them to provide pas-
sages 68, securing the parts together, and sub-
sequently finishing the seat 84 on the composite
body. Slidably carried about the upstanding
parts 65 and adapted to seat against the seat 64
when in its lowermost position is an annular or
ring valve 69. This ring valve is placed over the
parts 65 by forcing them together to decrease
their overall diameter at their upper ends before
the rod 62 is put through the body. These parts
65 may then expand to admit rod 62 and lugs
66 will serve as upper limit stops for the valve ring
69. It will be seen that this arrangement permits
flow upwardly from the lateral openings 2 in the
casing and 31 in the cross over fitting through
the passageways 88 in the valve body 63 and into
the tubular member 33 and thence to the upper
pumping cylinder, but that flow downwardly can-
not take place along this path because the ring
valve 69 will seat on the seat 64 and prevent it.

The valve body 63 is of an internal diameter
to snugly but slidably engage the polished rod 62,
and it is threaded at its lower end to receive a
coupling 70 which carries a nipple T{ on which is
mounted packing T2 to seal the nipple within the
latching tube 47. Secured to the lower end of this
nipple is a stuffing box element 73 having packing
14 therein to provide a seal about the polished
rod 62. The lower end of this fitting 13 is
threaded to an inner latching member 15 which in
a manner similar to the tubular latching member
41 is of tubular formation at its upper end and is
split to form flexible fingers 16 adjacent its lower
end. These flexible fingers 76 have outwardly ex-
tending projections 17 thereon adapted to fit in
the recesses 49 and downwardly and inwardly in-
clined lower end projections 78 below the projec-
tions 11. ‘

Below the latching mechanism just described
the polished rod is threaded into a special cou-
pling 19 having an outwardly flared upper end 80
adapted when moved upwardly by an upward
movement of the polished rod to engage with the
downwardly and inwardly inclined projections 78
and draw the latching fingers 76 inwardly toward
each other so as to make them readily removable
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from the latching fingers 48. When the device is
being run into a well, a shear screw is employed
in the threaded openings shown in one of the
projections T8 and the flared upper end 80 of
coupling 19, to hold the flared end portion 80 in
engagement with the projections 78 until such
time as the packing arrangement and upper
standing valve is moved into its correct position
as indicated in the drawing. This is shown in
Pig. 14 where 80a designates the shear screw.
In this connection it is noted that the shoulder
on the lower side of the projections 17 and that
at the lower extremity of the notched portion 49
is a square shoulder so that the engagement of
these parts positively limits downward movement
of the packing arrangement and the standing
valve unit, whereas, the surfaces on the upper
sides of the projections 17 are inclined so that
upon forcible upward movement the fingers 18
will be moved inwardly to permit upward move-
ment of the packing and standing valve assembly.

To the lower extremity of the special fitting 19
is secured an additional length of sucker rod 81
which is connected by means of a connector 82
at its lower end with the pump rod 83. The
pump rod 83 carries at its lower end a hollow
pump plunger consisting of the cage 84 having
radially opening passages therethrough as shown
at 85, the tubular plunger body 86, and the
traveling valve cage 81 with the traveling valve
88 thei :in at the lower end of the body 86. The
body 86 is adapted to fit slidably but snugly within
the lower pumping cylinder 89 that carries the
standing valve cage 90, standing valve 8t and the
standing valve seat 92 at its lower end. At its
upper end this lower pumping cylinder is con~
nected to a pack off arrangement consisting of a
fitting 93 secured to a mandrel 84 carrying
packing rings 95. This mandrel is of such size
that flow may take place upwardly through the
annular space between it and the pump rod 83.
A bumper cage 96 is secured to the upper end of
the mandrel 94 and has radial passages 97 there-
through so that fluid flowing from the lower
pumping cylinder up through the annular space
within the mandrel 94 may pass out through the
openings 97 and into the annular space between
the tubing 44 and the sucker rod 81.

- Tt will be seen that when the cage 84 is pulled
upwardly by upward movement of the sucker rods
the shoulder at its upper end will engage beneath
the fitting 93 and pull this fitting together with
the lower pumping cylinder 89 and the standing
valve at the lower end thereof upwardly out of the
well. When being run in, it will be seen that the
shoulder at the lower end of the fitting 82 may
be made to engage with the upper end of the
cage 96 to force the packing arrangement at the
upper end of the lower pumping cylinder together
with the lower pumping cylinder itself and the
lower standing valve into operative position.

The pumping structure just described is pro-
vided with packings above and below the openings
2 in the casing and the openings 31 in the cross
over fitting, which openings supply fluid to the
upper pumping cylinder. Fluid from the lower
pumping cylinder flows upwardly through the
standing valve at the lower end of the lower
pumping cylinder, thence through the traveling
valve and hollow plunger in the lower pumping
cylinder, thence upwardly through the passages
32 in the cross over fitting, and through the
annular space 37 and passages 38 into the annulus
39 within the casing and about the tubing above
the pump. Flow to the upper pumping cylindep
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takes place through the passages 68 in the stand-
ing valve, upwardly through the tubular member
33 and into the upper pumping cylinder 8, thence
through the upper hollow plunger and traveling
valve and the openings 54 into the annulus within
the tubing 4 and about the sucker rods 52, and
thence to the surface. .

The pump just described is intended for use in
a well in which the production pumped by the
upper pumping cylinders is of the so-called high
fluid level type in which there is sufficient pres-
sure within the formation to raise the fluid sub-
stantially above the openings 2 through which
it flows into the casing. This arrangement makes
it possible for the flow from the lower pumping
¢ylinder after being conducted through the cross
pver fitting 30, to flow a relatively short distance
through the packer mandrel {8 and thence into
. the casing annulus 38 and on to the surface of the
ground. This avoids the necessity for a struc-
ture for conducting this flow to the upper end of
the upper.pumping cylinder before emptying it
into the casing annulus, and inasmuch as the
pressure within the formation is assumed to be
sufficient to force the fluid upwardly through the
tubular member 33 and into the relatively high
upper pumping cylinder 8 this arrangement will
work very satisfactorily. As will be presently de-
scribed, a slightly different arrangement is pro-
vided as shown in Figs. 7, 8 and 9 for use in those
cases in which the fluid level produced from the
upper formation is not high enough to permit
the use of this structure.

It will be seen furthermore that the packing
14 which surrounds the polished rod between the
two pumping cylinders, the upper standing valve,
the lower pumping cylinder and the lower stand-
ing valve, can all be either inserted or removed
or both with the sucker rods, thus avoiding the
necessity of pulling the tubing for the replace-
ment of any of these elements. It is noted for ex-
ample that not only is it possible to replace a
lower worn pumping cylinder but it is also pos-
sible to replace a lower cylinder with a cylinder
of different size in the event that becomes desir-
able,
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It is further noted that by virtue of the fitting .

79 and the shear screw used in securing this
fitting to the projections 78 while the assembly
is being run into a well, it is possible both to hold
the portion of the latching mechanism on the
lower end of the packing assembly in inactive
position, and to pull the packing assembly and
the upper standing valve into seated position
without any danger of injuring them such as
might occur if they were pushed into seated posi-
tion. As soon as they have been seated the shear
screw can be broken and the parts will be prop-
erly positioned, as illustrated, by means of the
engagement between the parts on the latching
fingers 48 and 76. In this connection it is noted
that the fingers 48 are made in this fashion
rather than as a complete annular member all
the way to the lower end because of the possibility
that the lower pumping cylinder might be of an
outer diameter too large to pass between the in-
wardly extending projections 50 unless these pro-
jections could move apart. '

: It is further to be noted that the flow from
the lower pumping cylinder passes upwardly
through the lower plunger and traveling valve
and up-through and out of the upper end of this
cylinder and thus that it is unnecessary to pro-
vide a separate conduit outside of this cylinder
for conducting this flow upwardly therefrom,

]
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Referring now to Figs. 7, 8 and 9 there is illus-
trated a somewhat modified form of arrangement
for the upper portion of the pumping mechanism.
In this instance a coupling 101 is provided to
which the upper end of the upper packer sleeve
16 is secured, and the coupling 101 is secured di-
rectly to the lower end of the tubing. The packer
structure need not be described in detail as it
is identical with that heretofore described both
in structure and in operation, although it dif-
fers in location in that it is located substantially
above the upper pumping cylinder. Thus, the
lower packer sleeve 19 instead of being connected
directly to the cross over fitting 30 is connected
to a special fitting 102 having longitudinal pas-
sageways 103 therethrough. The tubular mem-
ber 33 is seated in a counterbored portion in the
upper end of the fitting 102 in identically the
same manner that in the previous illustration it
was seated within a counterbored portion in the
upper end of the cross over fitting 30. Welded
at 1048 to the exterior of the lower end portion
of the fitting 102 is a sleeve 185 which extends
downwardly from the fitting 102 to the cross over

. fitting 106 which is similar to but differs slightly

from the cross over fitting 30 heretofore de-
seribed. This fitting 106 has lateral openings {07
therethrough for receiving the fluid flow from
the openings 2 in the casing and conducting it in-
wardly to be received into the upper pumping cyl-
inder, and’ similarly has axially extending pas-
sages (08 for conducting flow from the lower
pumping cylinder upwardly into the annular
space within the sleeve 105. -

Threaded to the interior of the lower end por-
tion of the fitting 02 is a fitting 109 which is
threadedly engaged with the upper end of the
upper pumping cylinder jacket {18. The space
between the exterior of the upper end of the up-
per pumping cylinder jacket 110 and the interior
of the sleeve 105 provides an annular passage for
the fluid from the lower pumping cylinder. Lo-
cated within the upper pumping cylinder jacket
1190 is the upper pumping cylinder liner 111 which
bears at its upper end agains’ the shoulder 112
within the fitting 109 and at its lower end upon
the shoulder (13 within the fitting #{4 which is
threaded to the lower end of the upper pumping
cylinder jacket. The lower end of this fitting
114 is in turn threaded into the interior of the
upper end portion of the cross over fitting 1086,

The remaining structure of the pumping mech-

anism shown in Figs. 7, 8 and 9 is identical with
that heretofore described.
- It will be seen that in this modified construc-
tion illustrated in Figs. 7, 8 and 9 it is possible
to place the upper pumping cylinder just above
and immediately adjacent to the intake openings
107 in the cross over fitting 106, and that the
Position of this cross over fitting 106 may be so
adjusted that flow coming in from the upper
producing formation will rise within the upper
pumping cylinder. In order to place the upper
pumping cylinder in this relatively low position,
however, it is necessary to provide the extra
structure consisting of the sleeve (05 and the
cooperating parts for conducting the flow from
the lower pumping cylinder past the upper
pumping cylinder so that it may be passed
through the interior of the packer, which in this
instance is located above the upper pumping
cylinder. In all other respects, the operation of
this form of device is identical with that of the
form previously described.

Referring now to Figs. 10, 11 and 12, there is
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illustrated a modified form which may be used
in place of the arrangement for the lower pump-
ing cylinder and its related parts as the same
were illustrated in Figs. 4, 5 and 6.

In this modification, the -parts are the same
and operate in the same manner down to the
coupling 45¢ shown in Fig. 5. Instead of this
coupling, the modified form referred to includes
as shown in Fig. 11 a coupling 201. This cou-
pling is not intended to receive a packing struc-
ture such as is secured to the upper end of the
lower pump cylinder in Fig. 5, but is instead
provided with a downwardly facing shoulder 202
adapted to abut against the upper end of a pump
liner 203 for the lower pumping cylinder jacket
204. This lower pumping cylinder jacket is
threadedly mounted within the lower end of the
coupling 201 and is adapted to snugly embrace
the liner 203.

On its lower end, the pumping cylinder jacket
is threaded into the upper end of another special
coupling 205 which is provided with an upwardly
facing shoulder 206 adapted to abut the lower
end of the lower cylinder liner 203 thus clamping
the same in position.

This coupling 205 is threaded to receive a tail
pipe 201 at its lower end if such a pipe be desired,
and intermediate its ends is provided with an
inner upwardly facing conical seat 208 which
receives gnd seats a base member 209 for the
standing valve cage 210. The standing valve
211 is carried within this cage, and mounted on
the upper end of the cage is a projection 212
with a head 213 by which the standing valve may
be removed.

The plunger and traveling valve are in sub-
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stance the same as that illustrated in Fig. 6 but -

instead of the plain nut which holds the traveling
valve seat in place in Fig. 6, there is a special nut
214 having a bayonet socket 215 adapted to be
engaged over the head 2[3 so that the standing
valve may be pulled from the well with the travel-
ing valve upon removal of the sucker rods.

It will be seen that by the arrangement just
described every advantage can be obtained that
can be obtained with the structures shown in
Figs. 4, 5 and 6 with the exception that in order
to replace the lower pump cylinder jacket or liner
it is necessary to pull the tubing, whereas in the
struetures shown in Figs. 4, 5 and 6 the lower
pump cylinder may be replaced by merely pulling
the rods. On the other hand, the structure
shown in Figs. 10, 11 and 12 makes possible the
use of a larger lower cylinder structure than
would be possible with the structure shown in
Figs. 4, 5 and 6.

Except as noted, the structure shown in Figs.
10, 11 and 12 will operate in the same manner as
that shown in Figs. 4, 5 and 6.

It will be appreciated that not only may the
upper end structure of the pump shown in Figs.

-1 to 6 inclusive be replaced by the modified form
of upper end structure shown in Figs. 7, 8 and 9
so that the upper end structure shown in Figs.
7, 8 and 9 is employed in conjunction with the
lower end structure shown in Figs. 4, 5 and 6,
but it is also possible to substitute the lower end
structures shown in Figs. 10, 11 and 12 for that
shown in Figs. 4, 5 and 6 and thus to employ the
upper end structure shown in Figs. 1, 2 and 3
with the lower end structure shown in Figs. 10,
11 and 12. Furthermore, it is possible to replace
both the upper end structure shown in Figs. 1,
2 and 3 with that shown in Figs. 7, 8 and 9 and
the lower end structure shown in Figs. 4, 5 and 6
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with that shown in PFigs. 10, 11 and 12 so that
the upper end structure shown in Figs. 7, 8 and 9
may be used in conjunction with the lower end
structure shown in Figs. 10, 11 and 12. The
combination of upper and lower end structures
desired will be selected in accordance with the
conditions and circumstances of the particular
well in which the pump is to be employed.
Thus, the upper end structure shown in Pigs,
1, 2 and 3 will be employed in all cases where the
fluid level of the upper producing formation is

’high enough to warrant the use of such a struc-

ture because it is less expensive and more trouble
free than that shown in Figs. 7, 8 and 9, and the
upper end structure shown in Pigs. 7, 8 and 9
will be used in all cases where the fluid level of
the upper producing formation is insufficient to
permit the use of the structure shown in Figs.
1,2 and 3.

Likewise, the lower end structure shown in
Figs. 4, 5 and 6 will be employed in all cases
where the use of a liner of maximum size in the
lower pumping cylinder is not imperative and
where it may be desired to change the effective
size of the lower pumping cylinder from time
to time, but where such change in size is not
essential and it is not anticipated that a vast
amount of wear will be encountered in the pump
liner, the chéaper structure shown in Figs, 10,
11 and 12 will be employed.

While the structures shown and described have
been designed for pumping fluid from two dif-
ferent zones and have been referred to as two-
Zone pumps, it is to be understood that this in-
vention is not limited strictly to pumping from
two zones only, but that it may be used in con-
junction with other structure embodying the
same or different principles for pumping from
any number of zones. The use of the term “two-
zone” in this specification and the appended
claims is intended only to refer to the fact that
the invention is useful for pumping from two
zones and is not intended as limiting the inven--
tion to use in situations where there are only
two zones being pumped,

From the foregoing it will be appreciated that
a means has been provided for carrying out and
accomplishing all of the objects and advan-
tages sought by this invention.

Having described my invention, I elaim:

1. A well pump adapted to be disposed in g
well casing and comprising two cylinders in sub-
stantially axial alignment with each other, a
hollow pump plunger in each cylinder, said
plungers having travelling valves for controlling
flow of fluid therethrough, an operating rod for
the lower plunger interconnecting said plungers,
means sealing the upper end of said lower cyl-
inder about said rod, means providing lateral
intake openings for said upper cylinder at g lo-
cation between the two cylinders and a passage-
way for conducting fluid from the upper end of

- sald lower cylinder above the plunger therein
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past said intake openings, a packer above and s
packer below said lateral intake openings for
forming spaced seals between the pump and a
well casing, and conduit means for conducting
fluid from the passageway from the lower cyl-
inder through the upper packer-and exteriorly
of the upper cylinder.

2. A well pump adapted to be disposed in a
well casing and comprising two cylinders in sub-
stantially axial alignment with each other, a
plunger in each cylinder, an operating rod for
the lower plunger interconnecting said plungers,
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means sealing the upper end of said lower cyl-
inder about said rod, means providing lateral

intake openings for sald upper cylinder at a lo- -

catfon between the two cylinders and a passage-

way for conducting fluid from the upper end of 5

sald lower cylinder past said intake openings, a

packer above and & packer below sald lateral in-
take openings for forming spaced seals between
the pump and a well casing, the upper of said

packers being located below the lower end of the 10
., upper cylinder, and conduit means for conducting

fluid from the passageway from the lower. cyl-
inder through the upper packer and exteriorly
of the upper cylinder. -

3. A well pump adapted to be disposed in a 18

well casing and comprising two cylinders in sub-
stantially axial alighment with each other, a
plunger in each cylinder, an operating rod for
the lower plunger interconnecting said plungers,
means sealing the upper end of said lower cyl-
inder about said rod, means providing lateral in-
take openings for said upper cylinder at a loca-
tion between the two cylinders and a passage-
way for conducting fluid from the upper end of
said lower cylinder past said intake openings, a
packer above and a packer below said lateral
intake openings for forming spaced seals be-
tween the pump and a well casing, the upper ‘of
said packers being located above the upper end

of the upper cylinder, and conduit means for con- 30

ducting fluid from the passageway from the lower
cylinder through the upper packer and exteriorly
of the upper cylinder.

4. A two-zone well pump comprising upper and

lower pumping cylinders, a plunger reciprocable 35
‘in each cylinder, a rod interconnecting said

plungers, said lower cylinder having an intake
opening at its lower end, a standing valve in said
opening, means mechanically interconnecting
sald cylinders and providing a lateral opening
into the lower end of the. upper cylinder and a
Jongitudinal passageway from the upper end of
the lower cylinder past said lateral opening, a
packing assembly forming a seal between said

rod and the upper end of the lower cylinder, an 45

annular standing valve assembly surrounding
said rod above said lateral opening and spaced

from said packing assembly to provide an intake -

valve for the upper cylinder, and means me-

chanically interconnecting said packing assem- 50

bly and annular standing valve assembly to space
them apart by a predetermined distance and
form them into a combined unitary assembly.

5. A two-zone well pump comprising upper and

lower pumping cylinders, a plunger reciprocable 55

in each cylinder, a rod interconnecting said
plungers, said lower cylinder having an intake
opening at its lower end, a standing valve in said
opening, means mechanically interconnecting said -

cylinders and providing a lateral opening into the 60:

lower end of the upper cylinder and a longitudinal
passageway from the upper end of the lower cyl-
inder past said lateral opening, a packing as-
sembly forming a seal between said rod and the

upper end of the lower eylinder, an annular stand- 65

ing valve assembly surrounding said rod above
said lateral opening and spaced from said pack-
ing assembly to provide an intake valve for the
upper cylinder, and means mechanically inter-

connecting said packing assembly and annular 70

standing valve assembly to space them apart by
a predetermined distance and form them into a
combined unitary assembly, said combined pack-
ing assembly and standing valve assembly being

‘semovable upwardly through the upper cylinder, 75
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as a unit, and means for positionlng said com-
bined packing assembly and standing yalveas-
sembly between said cylinders with the packing
assembly below and the standing valve assembly
above said lateral opening.

6. A two-zone well pump comprising upper and
lower pumping cylinders, a plunger reciprocable
in each cylinder, & rod interconnecting said

plungers, said lower cylinder having an intake

opening at its lower end, a standing valve in
sald opening, means mechanically interconnect-
ing said cylinders and providing a lateral open-

" ing into the lower end of the upper cylinder and

& longitudinal passageway from the upper end
of the lower cylinder past said lateral opening,
a packing assembly forming & seal between said
rod and the upper end of the lower cylinder, an

‘annular standing valve assembly surrounding

said rod above said lateral opening and spaced

g0 from said packing to-provide an intake valve

for the upper cylinder and means mechanically
interconnecting said packing assembly and an-
nular standing valve assembly to space them
apart by a predetermined distance and form them

25 into a combined unitary assembly, said combined

packing assembly and standing valve assembly
being removable upwardly through the upper cyl-
inder as a unit, and means for positioning said

- combined packing assembly and standing valve

assembly between said cylinders with the pack-
ing assembly below and the standing valve as-
sembly above said lateral opening, said position-
ing means including downwardly extending re-
silient spaced fingers on said combined unitary
assembly, said fingers having radially outwardly
projecting portions and downwardly and in-
wardly inclined lower.end portions and being

biased to a normally expanded position with re-"

spect to edch other, and retracting means. on

said rod below said positioning means adapted .

when said rod is pulled upwardly to engage the
exteriors of said inclined portions and move said
fingers inwardly to a retracted position to release
the positioning means.

7. A two-zone well pump comprismg upper
and lower pumping cylinders, & plunger recip-

rocable in each cylinder, a rod interconnecting -

said plungers, sald lower cylinder having an in-
take opening at its lower end, a standing valve
in said opening, means mechanically intercon-
necting said cylinders and providing a lateral
opening into the lower end of the upper cylinder
and a longitudinal passageway from the upper
end of the lower cylinder past said lateral open-
ing, a packing assembly forming a seal between
said rod and the upper end of the lower cylinder,

".an annular standing valve assembly surrounding

said rod above said lateral opening and spaced
from said packing assembly to provide an intake
valve for the upper cylinder and means mechani-
cally interconnecting said packing assembly and
annular standing valve assembly to space them
apart by a predetermined distance and from them
into a combined unitary assembly, said combined
packing assembly and standing valve assembly
being removable upwardly through the upper cyl-
inder as a unit, and means for positioning said
combined packing assembly and standing valve
assembly between said cylinders with the pack-
ing assembly below and the standing valve as-
sembly above said lateral opening, said posi-
tioning means including downwardly extending
resilient spaced fingers on said combined unitary
assembly, said fingers having radially outwardly
projecting portions and downwardly and in-

. -




2,518,869

wardly inclined lower end portions and being
biased to a normally expanded position with re-

gpect to each other, retracting means on said rod

below said positioning means adapted when said
rod Is pulled upwardly to engage the exteriors
of said inclined portions and move said fingers
inwardly to a retracted position to release the
positioning means, and frangible means for initi-
ally holding said retracting means in engagement
with said fingers to hold them retracted during

- downward movement of the packer and standing
valve assembly into position.

8. A two-zone pump for use in a well casing or
the like comprising upper and lower substantially
axially aligned cylinders, means mechanically in-
terconnecting said cylinders in spaced relation to
each other and providing a lateral opening for
fluid to the lower end of the upper cylinder and
8 longitudinal passage for fluid from the upper
end of the lower cylinder past said lateral opening
to a pcsition above the lateral opening and ex-
teriorly of the upper cylinder, said lower cylinder
having an intake opening at its lower end, a
standing valve at the lower end of the lower cyl-
inder and an annular standing valve between
said lateral opening and the lower end of the up-
per cylinder, a combined hollow plunger and trav-
eling valve in each cylinder, a rod interconnecting
said hollow plungers, a packing surrounding said
rod and forming a seal between the rod and the
upper end of the lower cylinder, packers for pro-
viding a seal about the pump within a ‘well casing

- above and below said lateral opening respectively,
and means for conducting fluid discharged from
the upper end of said lower cylinder past said
upper packer and into the annular space sur-

. reunding the upper cylinder.

9. A two-zone well pump for use in a well cas=
ing or the like comprising a pair of substantially
axially aligned cylinders, a plunger in each cyl-
inder, a rod connecting said plungers, a packing
providing a seal between said rod and the upper
end of the lower cylinder, an annular standing
valve spaced above said packing for controlling
flow into the upper cylinder, means mechanically
interconnecting the cylinders and providing a
lateral opening between said packing and stand-
ing valve for flow into the upper cylinder, a stand-
ing valve carried by the lower end of said lower
cylinder for controlling inflow into the lower end
of said lower cylinder, said standing valves, lower
cylinder, and packing being removable upwardly
through said upper cylinder, and means carried
by said red for engaging said lower cylinder, pack-
ing and standing valves to remove them through
said upper cylinder upon upward moverent be-
yond the normal pumping travel of saic rod.

10. A two-zone well pump for use in a well cas-
ing or the like comprising a pair of substantially
axially aligned cylinders, a plunger in each cyl-
inder, a rod connecting said plungers, a packing
‘providing a seal between said red and the upper
end of the lower cylinder, an annular standing
valve spaced above said packing for controlling
flow into the upper cylinder, means mechanically
interconnecting the cylinders and providing a
lateral opening between said packing and stand-
ing valve for flow into the upper cylinder, said
standing valve, lower cylinder, and packing being
removable upwardly through said upper cylinder,
and means carried by said red for engaging said
lower cylinder, packing, and standing valve to re-
move them through said upper cylinder upon up-
ward movement beyond the normal pumping
travel of said rod.
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11. In a two-zone pump for use in a well casing
or the like, a pair of substantially axially aligned
pumps each comprising a pumping cylinder hav-
ing an intake opening adjacent its lower end and
a discharge opening adjacent its upper end, a
standing valve in each intake opening, a hollow
plunger and traveling valve in each cylinder, a
rod connecting said plungers, a packing providing
a seal between said rod and the upper end of the
lower cylinder, said rod, packing, and plunger in
the lower cylinder being removable upwardly
through the upper cylinder, means mechanically
connecting said two cylinders to provide a unitary
assembly, a tubing connected to the outlet of said
upper cylinder, a conduit connected to the outlet
of said lower cylinder and discharging into the
space surrounding said tubing, and spaced pack-
ers surrounding said assembly above and below
the intake for said upper cylinder respectively.

12. A two-zone pump for use in well casings or
the like comprising a pair of substantially axially
aligned cylinders, a plunger in each cylinder, a
rod connecting said plungers, a packing providing
a seal between the said rod and the upper end
of the lower cylinder, a standing valve carried by
the lower end of said lower cylinder for eontrol~
ling inflow into the lower end of said lower cylin-
der, said standing valve, lower cylinder and pack-
ing being removable upwardly through said up-
per cylinder, and means carried by said rod for
engaging said lower cylinder, packing and stand-
ing valve to remove them through said upper
cylinder upon upward movement beyond the nor-
mal pumping travel of said rod. .

13. A two-zone well pump for use in a well cas-~
ing or the like comprising a pair of substantially
axially aligned cylinders, a plunger in each cylin-
der, & rod connecting said plungers, a packing pro-

viding a seal between said rod and the upper end. -

of the lower cylinder, a standing valve spaced -
above said packing for controlling flow into the
upper cylinder, a second standing valve adjacent
the lower end of the lower cylinder for controlling
flow into the lower cylinder, means mechanically
interconnecting the cylinders and providing a
lateral opening between said packing and first
standing valve for flow into the upper cylinder,
said second standing valve, lower cylinder and
packing being removable upwardly through said
upper cylinder, means carried by said rod for en-
gaging said lower cylinder, packing and said see-
ond standing valve to remove them through said
upper cylinder upon upward movement beyond
the normal pumping travel of said rod, a packer
above and packer below said lateral intake open-
ing for forming spaced seals between the pump
and a well casing, the upper of said packers being
located below the lower end of the upper cylinder,
and conduit means for conducting fluid from the
lower cylinder through the upper packer to the
space exteriorly of the upper cylinder.

14. A two-zone well pump for use in a well cas-
ing or the like comprising a pair of substantially
axially aligned eylinders, a plunger in each cylin-
der, a rod connecting said plungers, a packing
providing a seal between said rod and the upper
end of the lower cylinder, a standing valve spaced
above said packing for controlling flow into the
upper cylinder, a second standing valve adjacent
the lower end of the lower cylinder for control- -
ling flow into the lower cylinder, means mechan-
ically interconnecting the cylinders and provid-
ing a lateral opening between said packing and
first standing valve for flow into the upper cylin-
der, said second standing valve, lower cylinder
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and packing being removable upwardly through
said upper cylinder, means carried by said rod for
engaging sald lower cylinder, packing and said
second standing valve to remove them through

said upper cylinder upon upward movement be-.

yond the normal pumping travel of sald rod, a
packer above and a packer below said lateral in-
take opening for forming spaced seals between
the pump and a well casing, the upper of said
packers being located above the upper end of the
uppér cylinder, and conduit means for conduct-
ing fluld from the lower cylinder exteriorly of the
upper cylinder and through the upper packer.
15. A two-zone pump for use in well casings or
the like comprising a pair of substantially axially
aligned cylinders, a plunger in each cylinder, a

rod connecting said plungers, a packing providing:
a seal between the said rod and the upper end of
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the lower cylinder, a standing valve carried by thé
lower end of said lower cylinder for controlling
inflow into the lower end of said lower cylinder,
said standing valve and packing being removable
upwardly through said upper cylinder, and means
carried by said rod for engaging said packing and
standing valve to remove them through said upper

cylinder upon upward movement of the rod be-

yond the normal pumping travel of said rod.
.- TEMPLE P. HOFFER.
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