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ABSTRACT OF THE DISCLOSURE

Apparatus for producing well fluid from a well tra-
versing spaced producing earth zones, in which a tool
assembly is disposed in the well casing between the zones
and in sealing engagement with the well casing, the tool
assembly having passages adapted to communicate with
the respective zones, and a device being positionable in
the tool for establishing communication between a pro-
duction tubing string and either of the respective passages
selectively, or both of said passages conjointly. Such ap-

- paratus wherein said device is removably connectible to a
pump for enabling attachment of different devices for
production of fluid from either of said zones selectively
or from both of said zones conjointly. Such apparatus
wherein said device is releasably latched in the tool and
is retrievable on a wire line. Such apparatus wherein said
device is carried by a pump and selectively positionable in
the tool for enabling production of fluid from one of said
zones or from both of said zones conjointly.

In the production of oil from wells traversing multiple
productive earth zones, and, more particularly, two earth
zones spaced from one another and traversed by the well
casing, it has been the practice to perforate the casing
at each of the zones and to produce one of the zones
through tubing disposed in the casing while producing
the other zone through the tubing-casing annulus. How-
ever, in the absence of sufficient formation pressure to
economically produce both zones, or in the event that
the production does not equal the allowable rate as pre-
scribed by regulatory laws, artificial means of produc-
tion are desirable or necessary to maintain a satisfactory
production rate.

Heretofore, apparatus has been devised which may be
set in the well casing between the zones, whereby produc-
tion of the fluids may be selectively, by provision of cross-
over flow means, alternated in such a manner that the
lower zone of a dual completion well may be produced
either through the tubing or through the tubing-casing
annulus, while the upper zone is produced through the
tubing-casing annulus or through the tubing, or vice versa.
Such a selective cross-over means, however, does not lend
itself to the production of both of the productive zones
of a dually completed well by artificial lift or pumping
means when the rate of production of the well falls below
the total allowable by law.

Under these latter circumstances, it is desirable that a
typical pump be employed to effect flow of the well fluid
or oil from both of the zones, or either of the zones, selec-
tively, and that it be possible to ascertain the rate of pro-
duction of one of the zones, say the upper zone, so that,
as a matter of subtraction, it is possible to determine the
rate of production of the lower zone.

With the foregoing in view, the present invention pro-
vides apparatus adapted to be disposed in a well, effec-
tively between the zones of a dual completion well, where-
by either of the zones may be selectively produced in one
flow path defined by well production tubing in the casing,
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or both of the zones may be produced through said one
flow path. :

More specifically, the invention provides for selective
production of either zone through the tubing under the
influence of a typical well pump, such as a sucker rod
pump, or the confluent production of both of the zones
through the tubing.

In accordance with the foregoing, the invention con-
templates a tool body, or a tool body assembly, adapted
to be run into a well on tubing and to be disposed in a
well casing, the body having means for sealing engage-
ment with the well casing between the casing perfora-
tions at the spaced zomes, the body also having a flow
passage communicating with the tubing, ports being pro-
vided for establishing communication between the flow
passage in the body and the respective zones, and a device
being provided to selectively close certain of the ports
when it is desired to produce from only one of the zones
through the tubing, or, if desired, to allow confluent
passage of fluid from both of the zones through the
tubing.

In the practical application of the invention, the devices
for closing certain of the ports are interchangeably dis-
posable in the body or may be shifted to different posi-
tions in the body by manipulation of the pump rods, so
as to blank off communication between one of the dual
zones and the tubing or to allow communication of both
of the zones with the tubing.

This invention possesses many other advantages, and
has other purposes which may be made more clearly ap-
parent from a consideration of several forms in which it
may be embodied. Such forms are shown in the drawings
accompanying and forming part of the present specifica-
tion. These forms will now be described in detail for the
purpose of illustrating the general principles of the inven-
tion; but it is to be understood that such detailed descrip-
tion is not to be taken in a limiting sense, since the scope
of the invention is best defined by the appended claims.

Referring to the drawings:

FIG. 1 is a view in vertical section showing confluent
production apparatus made in accordance with the inven-
tion and disposed in a dually completed well, and adapted
for confluent production from both zones; )

FIG. 1a is a detail view in longitudinal section show-
ing a bypass blanking plug for use in the apparatus of
FIG. 1 for producing only from the upper zone;

FIG. 1b is a view corresponding to FIG. 1a, but show-
ing a separation sleeve for producing only from the lower
zone;

FIG. 2 is an enlarged fragmentary view in vertical sec-
tion of the flow directing section of a modified apparatus,
for confluent production from both zones;

FIG. 3 is an enlarged fragmentary view in vertical sec-
tion of the flow directing section of the apparatus of FIG.
2, but showing the apparatus for producing only from
the upper zone;

FIG. 4 is a view corresponding to FIGS. 2 and 3, but
showing the apparatus for producing only from the lower
zone;

FIG. 5 is a view in vertical section showing a modi-
fied apparatus in condition for confluent production from
both zones;

FIG. 6 is an enlarged fragmentary detail view showing
the flow directing apparatus of FIG. 5;

FIG. 7 is a view corresponding to FIG. 6, but showing
the apparatus in condition for producing only from the
upper zone;

FIG. 8 is a view corresponding to FIGS. 6 and 7, but
showing the apparatus in condition for producing only
from the lower zone;
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~ FIG.-9 is a fragmentary view in vertical section, show-
ing a further modified flow control section in condition
for producing from both zones;

FIG. 10 is a view corresponding to FIG. 9, but show-
ing the.apparatus in condition for producing only from
the upper zone;

'FIG. 11 is a view corresponding to FIGS. 9 and 10,
‘but showing the apparatus in condition for producing only
from the lower zone; .

FIG. 12 is a view in vertical section showing a further
modification of the apparatus of the invention in condi-
tion for producing from both zones;

FIG. 13 is a view corresponding to FIG. 12, but show-
ing the apparatus in condition for producing from only
one: of the zones; and

FIG. 14 is a planar development of the control slot
‘means of the apparatus of FIGS. 12 and 13.

Referring to the drawings, the invention, as seen in
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FIG. 1, involves the control of the flow of oil or well .

fluid from the spaced zones Z1 and Z2 of earth formation
penetrated by a well bore having casing C set therein, the
casing having suitably formed perforations P1 and P2 for
establishing communication between the respective pro-
ductive zones ' Z1 and Z2 and the casing.

In accordance with the invention, apparatus is provided
-comprising a body or body assembly 1 having packing
means 2 providing a seal for separating or isolating the
casing C between the perforations P1 and P2. The body

20

1 comprises a body section or receptacle 3 including a -

reduced lower end 4 provided with seal means 5 adapted
to be removably anchored by laich means at 64 in a
tubular packer body 6 in a conventional manner. Depend-
ing from the upper receptacle 3 is a stinger 7 or elon-
gated nipple which extends downwardly a suitable dis-
tance through the packer body 6 to the vicinity of the
lower well zone Z2, the lower end 8 of the stinger having
-ports 9 for the admission of fluid from the zone 72, which
passes into the casing C through the perforations P2.
Disposed in the stinger 7 is a seat 10 for a conventional
retrievable standing valve assembly 11 including a down-
wardly seating ball valve 12 adapted to prevent the flow
of fluid from zone Z1 into the zone Z2 below the packer
means 2.

The body section or receptacle 3 has an opening or pas-
sage 14 extending vertically therethrough and leading
from the stinger 7 into an upwardly extended tubing
string T which is connected to the receptacle 3 by suitable
means, such as a nipple 15, the tubing, in turn, leading to
the top of the well. This tubing T and the receptacle 3
form with the casing C a tubing-casing annulus 16 above
the packing 2 into which fluid passes from the upper zone
71 through the perforations P1.

Axially spaced passage means, including 2 number of
radial ports 17 and 18, are provided for establishing com-
munication between the annulus 16 and the receptacle
passage 14, the ports 18 communicating with the annulus
16 through an elongated passage 19 extending longitudi-
nally upwardly through the receptacle 3 in laterally spaced
relation to the passage-14. In the illustrative embodi-
ment, the passage 19 is further elongated by the provi-
sion of a tube 20 connected to or otherwise made a part
of the receptacle 3, the upper end of the tube 20 being
connected to the tubing T and the passage 19 opening into
the annulus 16. )

At its upper end, the receptacle 3 is provided with a
typical pump seat 21 adapted to receive the usually pump
anchor 22, which, in the illustrative embodiment, is part
of a conventional sucker rod pump assembly P, including
standing valve means 23 having a downwardly closing ball
valve 24 at the lower end of a pump barrel 25. Recipro-
cable in the usual manner in the barrel 25 is travelling
valve means 26 including a downwardly seating ball
valve 27, this travelling valve means being at the lower
end of a reciprocable pump rod 28 extending npwardly
from the barrel 25 for connection to the usual sucker rod
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string (not shown) which is caused to reciprocate to lift-
fluid through the tubing string T to the top of the well.

In the embodiment of the invention now being de-
scribed, the pump anchor 22 has connected thereto a
downwardly extending flow controlling device 30, which
may be characterized as a blanking plug in that it com-
prises means for separating the lateral ports 17 and 18.
More specifically, the blanking plug 30 is provided with
anr upper annular seal 31 adapted for sealing engagement
with an upper cylindrical sealing surface 31a in the. pas-
sage 14, and spaced downwardly from the seal 31 is a
second annular seal 32 adapted for sealing engagement
with an intermediate cylindrical sealing surface 32a in
the passage 14. Between the seals 31 and 32, the blanking
plug 30 has a number of radial ports 33 leading from an
annular space 34 in the receptacle 3 to a central passage
35 in the plug 30, this passage opening upwardly and lead-
ing into the inlet 36 of the pump anchor 22, but being
closed at the bottom of the plug 30.

It will be apparent that operation of the pump, as
shown in FIG. 1, will cause the flow of production fluid
from zone Z1, as shown by the arrows, through the per-
forations P1 into the annulus 16, then through receptacle
ports 17 into the annular space 34 between seals 31 and
32 and thence through plug ports 33 into the passage 35.
At the same time, fluid from zone Z2 may flow, as shown
by the arrows, through the perforations P2 into the casing
C below the packing 2, then into the stinger 7 through
ports 9, upwardly through the standing valve 11, through
receptacle ports 18 below the plug 30, then upwardly
through the passage 19 into the annulus 16, where such
fluid from zone Z2 comingles with the fluid from zone Z1
for confluent production of the comingled fluids through
the same path to the top of the earth, namely, through
the tubing T. In this connection, however, if, as is cus-
tomary in some wells, a cross-over device is provided in
the tubing string above the pump P, the comingled fluids
may be caused to be produced through. the casing.

While the apparatus as described above is adapted to
allow the confluent production of comingled fluid from
the two earth zones, the apparatus is also adapted to be
selectively conditioned to allow production of any the
upper zone Z1 by use of the bypass blanking plug 30a of
FIG. la, or to allow production of only the lower zone
72 by use of the separation sleeve 30b of FIG. 1b.

In this connection, the receptacle or upper body 3 in-
cludes a third or lower cylindrical sealing surface 40« cir-
cumscribing the passage 14 and spaced below the bypass
ports 18, there being an enlarged space 41 between the
sealing surface 32a and the sealing surface 40-from which
the ports 18 lead.

The blanking plug 30 of FIG. 1 is removably connected
to the pump anchor 22 by a threaded connection at 42.
Thus, as seen.in FIG. la, the bypass blanking plug 30a
is provided with an internal thread at 43 for connection
to the pump anchor 22 in lieu of the plug 30. This bypass
blanking plug 30z is of greater length than the plug
30, and has an annular seal 40 spaced below its upper
seal 31 a sufficient distance as to engage in. the sealing
surface 40a referred to above when the pump P is landed
on its seat 21. The plug 30q, like plug 30, has the ports 33
adapted to communicate with the ports 17 in the receiver,
as well as the passage 35, whereby fluid passing into the
space 34 may flow into the passage 35 and thence into
the pump inlet 36. However, since the passage 14 in the
receiver is blanked off by the seal 40 below the receiver
ports 17, fluid will be prevented from passing from
zone Z2 into the annulus 16, and, therefore, operation
of the pump P will be effective to produce fluid-only from
the upper zone Z1. Thus, by subtraction, when the con-
fluent production from both-zones is known, the pro-
duction from the lower zone may be determined, as
may sometimes be required or desirable.

‘On the other hand, it may be desirable to produce only
the lower zone Z2, under which circumstances the sepa-
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ration sleeve or plug 305 of FIG. 15 will be secured by
its internal thread 43 at its upper end to the pump
anchor 22. This sleeve or plug 305, like the plugs 30 and
30a, has an upper seal 31, and, like the plug 30a, has a
lower seal 40 adapted to engage in the sealing surface
40c. In addition, the passage 35 in the plug or sleeve
305 opens at its lower end at 35a for entry of fluid from
the stinger 7. The plug or sleeve 30 has no radial port
between the seals 31 and 40, so that when it is in place
upon seating of the pump P on its seat 21, the fluid in
the tubing-casing annulus 16 is blocked from entering
the passage 35. Therefore, only the fluid entering the cas-
ing C through the lower perforations P2 from zone Z2
will be produced upon actnation of the pump P.

In FIGS. 2, 3 and 4, there is illustrated modified appa-
ratus wherein the same receptacle 3 and packer 2 may
be employed, but the various plugs are adapted to be
run into the receptacle and retrieved from the receptacle
by use of conventional wireline equipment. In addition,
the details of the receptacle 3 are more fully illustrated
in FIGS. 2-4.

Referring first to the receptacle 3, it will be noted
that the reduced downward extension 4 is provided by
threadedly connecting it as at 4a within a threaded bore
4b in the lower end of the receptacle 3. The latch means
6a, by which the receptacle is releasably connectible to
the packer body 6, as seen in FIG. 3, comprises a2 number
of circumferentially spaced latch arms 6b having thread
segments 6c. The body section 4 is relieved, as at 6d,
so that the latch fingers are resiliently flexible inwardly,
thereby enabling the latch means to be stabbed into the
upper end of the packer body 6. When it is desired that
the receptacle 3 be separated from the packer body 6,
rotation of the receptacle will cause disengagement of the
left-hand thread segments from complemental left-hand
threads in the packer body. Such latches are well known
and require no further reference herein.

At the upper end of the receptacle 3, the tubular mem-
ber 20 providing an upward extension of the passage 19
is shown as being threaded into a threaded opening 20a
in the receptacle 3. In addition, the stinger 7 is shown
as being threaded at its upper end into a threaded opening
7a in the receptacle 3.

Within the passage 14 of the receptacle 3, the lowermost
sealing surface 404 is shown as being provided within the
stinger 7. Above the uppermost sealing surface 31a in
passage 14, there is an annular channel or groove 50, the
purpose of which is to allow the various plugs hereinafter
to be described to be latched in the passage 14 by suit-
able latch means generally denoted at 51. At its upper
end, the receptacle includes a nipple 52 threaded into
an opening 53 in the receptacle and also threadedly
connected at 21a to a sub 215, which, as will be apparent,
may be, in turn, connected to a pump seat or other de-
vice, such as a cross-over, as previously referred to. It
will be understood that, inasmuch as the various plugs
now to be described are not connected to the pump P,
the pump seat may be conveniently located at any suitable
location above the receptacle 3.

Tn FIG. 2, a blanking plug 130 is shown as having,
as in the case of the plug 30, a pair of axially spaced
annular seals 131 and 132, with radial ports 133 Iocated
between these seals and leading into the central passage
135 in the plug 130. The upper seal 131 is engageable
in the sealing surface 31a and the lower seal 132 is en-
gageable in the sealing surface 32a in the passage 14 of
the receptacle, when the plug 139 is properly axially po-
sitioned in the passage 14. An upwardly facing shoulder
14a in the receptacle passage 14 is engageable with a
downwardly facing shoulder 144 on the plug 130 to limit
downward movement of the plug 130 in the passage 14,
and the latch means 51, previously referred to, serve to
releasably hold the plug 136 against upward movement in
the passage 14, so that the plug 130 is effectively held in
position when run into the passage 14.
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The upper end of the plug 130 has a recovery head
54 through which the passage 135 opens, and the latch
means 51 includes a number of latch elements 55 re-
siliently biased to effect latching engagement in the groove
50 when the plug is landed on the seat 14a, these ele-
ments having portions 56 extending into the passage 135
to cause release of the latch elements 55 upon engage-
ment of a conventional recovery tool with the head 54.
Such latch means and recovery tool are conventional, re-
quiring no further description herein, but . illustrative re-
covery apparatus is more particularly disclosed in United
States Letters Pat. No. 2,885,007.

In the event that it is necessary to balance the pressure
across the plug 130, for example, when the plug is to be
removed from the receptacle, means may be provided for
this purpose, comprising a frangible tube 57 extended
across the lower end of the passage 135 below the seal
132 and supported by a perforated screw 58. Breaking
of the tube will intercommunicate the passage 135 and
nipple 7.

It will now be apparent that when the plug 130 is
seated as shown in FIG. 2, the inlet ports 17 of the re-
ceptacle communicate with the plug passage 135 through
the ports 133, whereby fluid from the tubing-casing annu-
lus, not shown in FIG. 2, may be produced through the
plug 130; while fluid from the casing below the packer,
also not shown in FIG. 2, may pass through the lower
receptacle ports 18, and passage 19 into the annulus
above the packer for confluent production of both fluids
from the annulus through the ports 17, 133.

Referring to FIG. 3, there is shown the same receptacle
structure” with a bypass blocking plug 130z in the pas-
sage 14. Like the plug 30a of FIG. la, the plug 1304
is elongated so that it spans the received ports 18 and
has a lower seal 146 engageable in the sealing surface
406a below these ports 18. Thus, when the bypass plug
130aq is in the receiver, fluid may be produced or may
flow through only the upper ports 17, as shown by the
arrows. .

In the event that production only from the lower zone
is desired, the plug 1392 may be retrieved and the sepa-
rating sleeve or plug 1305, shown in FIG. 4, may be
disposed in the receiver 3, This plug 1305 has the seals
131 and 140 for sealing engagement in the seal surfaces
31a and 40q, but intermediate these seals the plug 1305
is imperforate, while the passage 135 opens downwardly
into the pasage 14 below the seal 140. Thus, the ports 17
and 18 are blocked off and fluid from the lower zone
will flow directly through the plug 130b.

Passing to FIGS. 5-8, another modified apparatus is
shown which comprises, as in the previous embodiment, a
flow change receiver body 3 and a packer assembly in-
cluding a packing 2, but, here, these two components are
interconnected by an intermediate conduit 203 and releas-
able, sealed connecter means 204. As in the previous
embodiment of FIG. 1, the apparatus is shown in well
casing C extending through spaced production zones Z1
and Z2, the casing being perforated at P1 and P2 at the
respective zones, and the receptacle 3 being connected
to a string of production tubing T leading to the top of
the well.

The packer assembly as seen in FIG. 5 comprises a
body 6, as previously described, in which is releasably
latched by latch means 6a a body section 4 having a seal
5 engaged in the body 6 and a downwardly extended
stinger 7, this stinger being provided with a retrievable
standing valve 11 having a downwardly seating ball valve
12, the stinger having inlet ports 9 for entry of fluid in
the casing below the packing 2.

The body 4 at its upper end has a wall 205 provided
with an upward extended tubular neck 206 having lock
pins 207 projecting therefrom. Removably connected to
the neck 206 is a hollow body 209 of the sealed con-
nector means 204 having an inner flange 210 provided
with openings (not shown), whereby the pins 207 can
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pass through the flange 210, but rotation of the body 209
will angularly displace the pins from said slots, as is
typical of a bayomet or J slot structure, reguiring no
further specific disclosure herein. A seal ring 211 is pro-
vided between the body 209 and the neck 286. The above-
mentioned conduit 203 is connected at its lower end to
the sealed connector body 209, and. at its upper end to
the body:or receptacle 3 so that fluid may flow from the
casing beneath the packing 2, upwardly through the
stinger 7, as.shown by the arrows, and thence into the
passage 14 of the receptacle 3. .

Spaced axially along the passage 14 of the receptacle
3, as best seen in FIGS. 5 and 6, from top to bottom
is an upper cylindrical sealing surface 231a, in this em-
bodiment formed as part of the pump seat 221, an inter-
mediate ‘sealing surface 232q, and a lower cylindrical
sealing surface 240a. Upper radial ports 217 lead into
the passage 14 above the sealing surface 2324, and lower
radial ports 218 lead from the passage 14 between the
sealing surfaces 232a and 240a An elongated passage 219
extends downwardly through the receptacle 3, the latter
having a tube 220 connected thereto to provide a down-
ward extension of the passage 219. Thus, fluid entering
the annulus from zone Z1 and fluid entering the casing
C below the packing 2 are comingled as shown by the
arrows in FIG. 5, and such comingled fluid may be pro-
duced through the tubing T, since the blanking plug 230
is disposed in the passage 14 and has a seal 232 engaged
with the sealing surface 2324 and ports 233 which com-
municate with the ports 217.

This blanking plug 230 has a central passage 235 which
leads to the inlet 236 of a rod pump P having an anchor
222 seating on a pump seat 221, as previously described,
so that operation of the pump will cause confluent pro-
duction of fluid from both of the zones Z1 and Z2. The
pump of FIG. 5 needs no further description herein, ex-
cept to note that it is a typical, well known rod pump
construction including the usual standing valve 224 and
travelling valve 227 operable by a rod 228. The above-
mentioned sealing surface 231a is sealingly engaged by
seal rings 231 carried by the pump- anchor 222. In this
construction, moreover, the blanking plug 230 is remov-
ably connected by a threaded joint at 242 to the pump
anchor 222, but, if desired, the anchor and plug may be
separate, and the plug 230 may be provided with latch
and recovery means, such as, for example, shown in
FIGS. 2-4.

In FIG. 7, there is illustrated a modified plug 230a
constituting a bypass plug, which, like plugs 30a and
130q, is adapted to block off the flow of fluid from the
lower zone Z2 so that only the upper zone Z1 will be
produced. Thus, the plug 2304 spans the ports 218 and
has a lower seal 240 engageable in the cylindrical seal-
ing surface 240az. When this plug 230a is connected at
242 to the pump anchor 222, fluid from the casing C
below the packing 2 is precluded from entering the pas-
sage 14 of the receptacle 3, and such fluid, therefore,
cannot pass into the annulus 16 above the packing 2,
from which annulus thé pump P lifts the production
fluid.

On the other hand, if it is desired to produce only the
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lower zone, a separation sleeve or plug 2305b, as shown .

in FIG. 8, may be employed to block off flow of fluid
from the annulus through the ports 217 into the passage
235 in the plug 230b. In this construction, the passage
235 is open at the lower end 235a of the plug 2305, and
there are no lateral ports in the plug, such as the ports
233 in plugs 230 and 230a. Thus, the only flow path
open through the plug 2305 for the flow of formation
fluid is upwardly from the conduit 203, through the plug
passage 235, directly to the pump inlet 236 from zone
Z1.

Referring now to FIGS. 9-11, there is shown a further
modified construction involving concentric flow paths for
the fluid from the respective zones, as distinguished from

70

8
the offset by pass flow paths of the previously described
embodiments. :

More specifically, as seen in FIG. 9, the receiver 303
comprises an elongated tubular body having at its lower
end a threaded connection 304a with a downward ex-
tension 304, which, as now will be understood, is adapted
to be connected to packer means forming a seal with the
well casing to separate the tubing-casing annulus 316
above the packer from the casing C below the packer, in
the typical dually completed well referred to above. At
its upper end, the receiver is adapted, as will now be
understood, to be connected to a production tubing string.
Extending longitudinally through the receiver 303 is a
passage 314, there being an upper set of ports 317 and
a lower set of ports 318 leading into the passage 314 from
the annulus 316. Between the ports 317 and 318 is a
.cylindrical sealing surface 3324, and below the ports 318
is a cylindrical sealing surface 340a.

In order to condition the apparatus for the confluent
production of fiuid from a pair of spaced well zones,
such as the zones Z1 and Z2 previously described, a
blanking plug 330, generally corresponding to the plugs
3¢, 130 and 230 previously described, is adapted to be
disposed in the receiver passage 314. This plug 330 has a
seal 332 engageable with the surface 332a. Above the
seal 332, the plug has ports 333 adapted to communicate
with the upper receiver ports 317 and a central passage
335 in the plug 330, so that fluid in the annulus 316 may
pass into the plug through these ports. At its upper end,
the plug 330 is provided with a sealing nipple 350 having
a seal ring 351 sealingly engageable in the receiver pas-
sage 314 above the ports 317 to provide the uppermost
seal. Tt will be understood that the nipple 350 may be
connected to a pump, so that the plug 330 may be run
into the receiver with the pump, as previously described,
or the plug may be provided with releasable latch means
so as to be recoverable on a wire line, also as previously
described. In any event, the fluid from below the assem-
bly may flow upwardly through the body 304 into the
passage 314 of the receiver 303, thence outwardly
through the ports 318 into the annulus 316 above the
packer, where it will comingle with fiuid flowing into the
annulus 316 from the upper well zone. The comingled
fluid is then free to flow into the plug 330 through ports
317 and 333 for upward flow in plug passage 335 into the
production tubing.

In -FIG. 10, the apparatus is shown conditioned to al-
low production only of the upper zone of the well, as in
the previously described embodiments, by a bypass plug
330¢, this plug serving to block off communication be-
tween ports 318 and the casing below the packer, as pre-
viously described, Thus, the plug 330z is of such greater
length than the plug 33@ that the sealing means 340 en-
gages in the sealing surface 340a. In this embodiment,
when the plug 330q is in the position shown in FIG. 10,
fluid from the annulus only is free to enter the plug pas-
sage 335 through the ports 318 and the ports 333a in the
plug, the fluid from the casing below the packer being
blocked off.

Referring to FIG. 11, a separation sleeve or plug 3305
is shown, wherein the seal 340 engages in the sealing
surface 340q, and the lower end 335a of the plug is open
so that fluid from the casing below the packer may flow
upwardly through the plug passage 335. The plug, other-
wise, is imperforate so as to preclude flow of fluid from
the tubing-casing annulus, and, therefore, only the lower
well zone is produced.

Without requiring further illustration herein, it will be
understood that the respective flow controllers or plugs
330, 330q, and 3305 of FIGS. 9, 10 and 11, may be either
connected to a pump in the manner illustrated in FIG.
1 or FIG. 5, on the one hand, or may be, on the other
hand, adapted to be seated and latched in the passage
314 in the manner illustrated in FIGS. 2, 3 and 4, within
the purview of the invention.
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All of the forms of apparatus described above involve
the substitution of the various blanking plugs, bypass
plugs, and separation sleeves or plugs in order to selec-
tively produce from either of the two zones or conflu-
ently. Sometimes, however, it is desirable that both zones
be produced normally, but only one of the zones be pro-
duced for a period of time to allow a determination to
be made respecting the relative production from the zones
as a matter of simple subtraction. In FIGS. 12, 13 and
14, there is illustrated a further modified apparatus,
wherein the apparatus may be adjusted by simple manip-
ulation without pulling the pump or recovering a plug
by wire line in order to effect the change.

As in the previously described embodiments, the casing
C is cemented in the well and extends through the upper
and lower producing zones Z1 and Z2, respectively, a
suitable packer 2 being set in the casing between the
zones so that fluid enters the tubing-casing annulus 16
from zone Z1 through perforations P1 above the packer
2, and fluid enters the casing C below the packer 2
through perforations P2 from zone Z2.

In this embodiment, the receiver 403 comprises an
elongated body having a bore 414, At its upper end, the
receiver body 403 is connected in the usual manner to a
string of production tubing T extending to the top of the
well. A pump seat 421 is provided for seating of the an-
chor 422 of a typical rod pump P, including a standing
valve 423 having a downwardly seating ball valve 424,
and a travelling valve 426 having a downwardly seating
ball valve 427, the travelling valve being reciprocable in
the pump barrel 425 by a pump rod 428.

Within the bore 414 of the receiver body 463 is a

blanking plug or sleeve 430 having axially spaced annu-
lar seals 431 and 432, and the bore 414 is defined by
“axially spaced annular sealing surfaces 431a and 432a.
Between these sealing surfaces 431a and 4324, the body
403 has a number of radial ports 417 for establishing
communication between the annulus 16 and the bore 414
when the plug 430 is in one position, as seen in FIG.
12, but such communication being prevented when the
plug 430 is in another or second position, as shown in
FIG. 13, wherein the seal 431 is engaged in the sealing
surface 431a and the seal 432 is engaged in the surface
4324, so as to blank off the ports 417.

This plug or sleeve 430 has radial ports 433 leading to
a central passage 435 in the plug, so that when the ports
417 and 433 communicate, as in FIG. 12, fluid from the
annulus 16 may pass into the passage 435 and thence to
the pump inlet 436, whereby to produce from the upper
zone Z1. In order to produce from the lower zone, a
tubular member 450 having a passage 451 extends down-
wardly from the plug 430, the passage 451 communicat-
ing at its lower end with the central opening 452 in the
packer body 404. Thus, fluid from the casing C below
the packer 2 may pass upwardly through passages 452,
451, and 435; comingling with fluid entering the passage
435 from the annulus 16 through ports 417 and 433 for
confluent production in response to operation of the
pump P.

Means are provided for positioning the plug or sleeve
430 in the position shown in FIG. 13, at which the seals
431 and 432 straddle the receptacle ports 417 to prevent
flow of annulus fluid into the pump. Such means includes,
in this illustrative embodiment, the tubular member 450.
This member 450 and the body 493 are provided with
cooperative pin and slot means, whereby, upon pulling
upwardly on the pump rod 428 a distance greater than a
normal pumping stroke, the pump P and, therefore, the
plug 430, will be moved upwardly to the blanking posi-
tion shown in FIG. 13, and thereafter the pump may be
operated to produce finid only from the lower zone.

In this connection, the tubular member 450 is connected
to the lower end of the plug 430 by means of a swivel
connection at 455. Adjacent its lower end, the tubular
member 450 is provided with a pin 456 projecting radially
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into a control slot 457 suitably formed with the body 493,
the configuration of which is best seen in FIG. 14. This
slot is repetitive in form, and each element of the slot
includes a vertical open topped slot 4574, terminating in
an inclined bottom slot 4575 which leads to another verti-
cal slot 457¢, terminating at its upper end in an inclined
slot 4574 which leads to a short vertical slot 457¢, ter-
minating in an inclined slot 457f which leads to a short
vertical slot 457g, terminating in an inclined slot 457h,
this latter inclined slot opening, effectively, into the upper
portion of the long vertical slot 457a. Angular guide sur-
faces 457j and 457k are provided, whereby the pin 456
is always guided back into a slot 4574 following movement
of the pin 456 upwardly out of one of the slots 457a. The
bottoms of slots 457¢ and 457g effectively provide axially
spaced shoulders, spaced a distance X, corresponding to
the desired range of axial movement of the plug 430.

Therefore, it is apparent that the plug or sleeve 430 will
be held in either a position at which the pump is seated
on its seat 421 and the pin 456 is substantially at the bot-
tom of slot 457¢, or in an upwardly displaced position at
which the pin 456 is at the bottom of slot 457g. When it
is desired to shift the plug 430 from the first position, as
shown in FIG. 12, it is only necessary to lift upwardly on
the pump rod 428 a distance greater than the pumping
stroke, whereby to pull upwardly on the plug 430, and, as
the plug moves upwardly, the pin 456 will be cammed
angularly in the inclined slot 457d. Thereafter, when the
pump rod 428 is lowered, the pin 456 will arrest downward
movement of the plug 430 when the pin engages at the
bottom of slot 457¢ to locate the sleeve in the position
shown in FIG. 13. In this position, of course, the seal 431
serves to anchor the pump against upward movement in
the same manner that the usual anchor 422 functions to
hold the pump on the seat 421,

We claim:

1. In oil well producing apparatus for use in producing
a pair of spaced well zones through a single well pipe:
packer means sealingly engageable in said well between
said zones, a body adapted to be disposed in said casing
above said packer means, said body having a first flow
path leading between said well pipe and said well outside
of said body above said packer means through which fluid
from an upper zone can flow, means providing a second
flow path leading between said well outside of said body
above said packer means and said well below said packer
means through which fluid from a lower zone can flow
and comingle above said packer means and outside of said
body with fluid from said upper zone, and plug means
selectively positionable in said body to close off one of
said flow paths and to open both of said flow paths, where-
by fluid can flow only from one of said zones to said well
pipe and confluently from both of said zones for co-
mingling above said packer means and outside said body
and into said well pipe.

2. Oil well producing apparatus as defined in claim 1,
wherein pump means are provided in said well pipe.

3. 0Oil well producing apparatus as defined in claim 1,
wherein pump means are removably disposed in said well
pipe, and said plug means are positionable by said pump
means.

4. Oil well producing apparatus as defined in claim 1,
wherein said plug means and said body have cooperative
means for positioning said plug means.

5. Oil well producing apparatus as defined in claim 1,
wherein said plug means and said body have cooperative
means for positioning said plug means including releas-
able latch means on said plug means, said plug means hav-
ing means engageable by a recovery tool for releasing said
latch means for allowing removal of said plug means from
said body.

6. Oil well producing apparatus as defined in claim 31,
wherein said plug means and said body have cooperative
means for positioning said plug means including pin and
slot means for positioning said plug means, and means for
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moving said plug means to operate said pin and slot
means. ]

7. Oil well producing apparatus as defined in claim 31,
wherein said plug means and said body have cooperative
means for positioning said plug means including pin and
slot means for positioning said plug means, and means for
moving said plug means to operate said pin and slot means
including pump means disposed in said tubing and con-
nected to said plug means. ‘

- 8. ‘Oil ‘well producing apparatus as defined in claim 1,
wherein said body is provided with an elongate passage
having axially spaced cylindrical sealing surfaces and a
radial port in said first flow path leading into said passage
from outside of said body between said sealing surfaces,
and said plug means comprises a tubular member having
seals engageable with said sealing surfaces, said plug
means having a passage therein leading to said well pipe,
and an opening in one of said flow paths leading into said
passage in said plug means.

9. Oil well producing apparatus as defined in claim 8,
wherein said opening is in said. first flow path and com-
‘prises a port in said plug means between said seals.

10. Oil well producing apparatus as defined in claim 8,
wherein said opening is in said second flow path and com-
prises an open end of said plug means.

11. In oil well producing apparatus for use in producing
a pair of spaced well zones through a single well pipe:
packer means sealingly engageable in said well between
said zones, a body adapted to be disposed in said casing
above said packer means, said body having a first flow path
leading between said well pipe and said well outside of said
body above said packer means, means providing a second
flow path separate from said first flow path and leading
between said well outside of said body above said packer
means and said well below said packer means, and plug
means selectively positionable in said body to close off
one of said flow paths and to open both of said flow paths,
whereby fluid can flow only from one of said zones to
said ‘well pipe and confluently from both of said zones
to said well pipe, wherein said body is provided with an
elongate passage having axially spaced upper, intermedi-
ate, and lower cylindrical sealing surfaces and a radial
port in said first flow path leading into said passage from
outside of said body between said upper and intermediate
sealing surfaces, said plug means comprises an elongate
member having sealing rings for engagement with certain
of said sealing surfaces, and said plug means having a
passage therein leading to said well pipe and an opening
in said second flow path communicating with said passage.

12. In oil well producing apparatus for use in produc-
ing a pair of spaced well zones through a single well pipe:
packer means sealingly engageable in said well between
said zones, a body adapted to be disposed in said casing
above said packer means, said body having a first flow
path leading between said well pipe and said well outside
of said body above said packer means, means providing
a second flow path separate from said first flow path and
leading between said well outside of said body above said
packer means and said well below said packer means, and
plug means selectively positionable in said body to close
off one of said flow paths and to open both of said flow
paths, whereby fluid can flow only from one of said zones
to said well pipe and confluently from both of said zones
to -said well pipe, wherein said body is provided with an
elongate passage having axially spaced -upper, intermedi-
ate, and lower cylindrical sealing surfaces and a radial
port in said first flow path leading into said passage from
outside of said body between said upper and intermediate
sealing surfaces, and said plug means comprises an elon-
gate . member adapted to be disposed in said passage and
having a central passage opening upwardly into said well
pipe and a port in said second flow path, said elongate
member having sealing rings engageable with said upper
and intermediate sealing surfaces.
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13. In oil well producing apparatus for use in produc-
ing a pair of spaced well zones through a single well pipe:
packer means sealingly engageable in said well between
said zones, a body adapted to be disposed in said casing
above said packer means, said body having a first flow
path leading between -said well pipe and said well outside
of said body above said packer means, means providing
a second flow path separate from said first flow path and
Jeading between said well outside of said body above said
packer means and said well below said packer means, and
plug means selectively positionable in said body to close
off one of said flow paths and to open both of said flow
paths, whereby fluid can flow only from one of said zones
to said well pipe and confluently from both of said zones
to said well pipe, wherein said body is provided with an
elongate passage having axially spaced upper, intermedi-
ate, and lower cylindrical sealing surfaces and a radial
port in said first flow path leading into said passage from
outside of said body between said upper and.intermediate
sealing surfaces, and said plug means comprises an elon-
gate member adapted to be disposed in said passage and
having a central passage opening upwardly into said well
pipe and a port in said second flow path, said elongate
member having sealing rings engageable with said upper
and lower sealing surfaces, said port of said elongate
member being between said sealirig rings.

14. In.oil well producing apparatus for use in produc-
ing a pair of spaced well zones through a single well pipe:
packer means sealingly engageable in said well between
said zones, a body adapted to be disposed in said casing
above said packer means, said body having a first flow
path leading between said well pipe and said well outside
of said body above said packer means, means providing
a second flow path separate from said first flow path and
leading between said well outside of said body above said
packer means and said well below said packer means, and
plug means selectively positionable in said body to close
off one of said flow paths and to open both of said flow
paths, whereby fluid can flow only from one of said zones
to said well pipe and confluently from both of said zones
to said well pipe, wherein said body is provided with an
elongate passage having axially spaced upper, intermedi-
ate, and lower cylindrical sealing surfaces and a radial
port in said first flow path leading into said passage from
outside of said body between said upper and intermediate
sealing surfaces, and said plug means comprises an elon-
gate member adapted to be disposed in said passage and
having a central passage therethrough in said second flow
path, said elongate member having sealing rings engage-
able with said upper and lower sealing surfaces.

15. In oil well producing apparatus for use in produc-
ing a pair of spaced well zones through a single well pipe:
packer means sealingly engageable in said well between
said zones, a body adapted to be disposed in said casing -
above said packer means, said body having a first flow
path leading between said well pipe and said well outside
of said body above said packer means, means providing
a second flow path leading between said well outside of
said body above said packer means and said well below
said packer means, and plug means selectively position-
able in said body to close off one of said flow paths and
to open both of said flow paths, whereby fluid can flow
only from one of said zones to said well pipe and con-
fluently from both of said zones to said well pipe, where-
in said body is provided with an elongate passage having
upper and lower cylindrical sealing surfaces, a radial port
in said first flow path above said upper sealing surface
leading into said passage from outside of said body, a
radial port in said second flow path between said upper
and lower sealing surfaces leading into said passage from
outside of said body, and said plug means comprises an
elongate member having a central passage leading to said

iwell pipe and an opening in one of said flow paths, said

clongate member having sealing ring means engageable
with one of said sealing surfaces. :
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16. In oil well producing apparatus for use in produc-
ing a pair of spaced well zones through a single well
pipe: packer means sealingly engageable in said well
between said zones, a body adapted to be disposed in said
casing above said packer means, said body having a first
flow path leading between said well pipe and said well
outside of said body above said packer means, means
providing a second flow path leading between said well
outside of said body above said packer means and said
well below said packer means, and plug means selectively
positionable in said body to close off one of said flow paths
and to open both of said flow paths, whereby fluid can
flow only from one of said zones to said well pipe and
confluently from both of said zones to said well pipe,
wherein said body is provided with an elongate passage
having upper and lower cylindrical sealing surfaces, a
radial port in said first flow path above said upper seal-
ing surface leading into said passage from outside of
said body, a radial port in said second flow path between
said upper and lower sealing surfaces leading into said
passage from outside of said body, said plug means com-
prises an elongate member having a central passage and
an opening in one of said flow paths, said elongate mem-
ber having sealing ring means engageable with one of
said sealing surfaces, and including support means seal-
ingly engaged in said passage in said body for supporting
said plug means and having an opening leading from said
passage in said body into said well pipe.

17. In oil well producing apparatus for use in producing
a pair of spaced well zones through a single well pipe:
packer means sealingly engageable in said well between
said zones, a body adapted to be disposed in said casing
above said packer means, said body having a first flow
path leading between said well pipe and said well outside
of said body above said packer means, means providing a
second flow path leading between said well outside of
said body above said packer means and said well below
said packer means, and plug means selectively position-
able in said body to close off one of said flow paths and
to open both of said flow paths, whereby fluid can flow
only from one of said zones to said well pipe and con-
fluently from both of said zones to said well pipe, where-
in said body is provided with an elongate passage having
upper and lower cylindrical sealing surfaces, a radial port
in said first flow path above said upper sealing surface
leading into said passage from outside of said body, a
radial port in said second flow path between said upper
and lower sealing surfaces leading into said passage from
outside of said body, and said plug means comprises
an elongate member having a central passage opening
upwardly and a port in said first flow path, said elongate
member having sealing ring means below said port en-
gageable with said upper sealing surface.

18. In oil well producing apparatus for use in produc-
ing a pair of spaced well zones through a single well
pipe: packer means sealingly engageable in said well
between said zones, a body adapted to be disposed in
said casing above said packer means, said body having
a first flow path leading between said well pipe and said
well outside of said body above said packer means,
means providing a second flow path leading between
said well outside of said body above said packer means
and said well below said packer means, and plug means
selectively positionable in said body to close off one of
said flow paths and to open both of said flow paths,
whereby fluid can flow only from one of said zones to
said well pipe and confluently from both of said zones
to said well pipe, wherein said body is provided with an
elongate passage having upper and lower cylindrical seal-
ing surfaces, a radial port in said first flow path above
said upper sealing surface leading into said passage from
outside of said body, a radial port in said second flow
path between said upper and lower sealing surfaces lead-
ing into said passage from outside of said body, and
said plug means comprises an elongate member having
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a central passage opening upwardly and a port in said
first flow path, said elongate member having sealing ring
means below said port engageable with said lower sealing
surface.

19. In oil well producing apparatus for use in produc-
ing a pair of spaced well zones through a single well pipe:
packer means sealingly engageable in said well between
said zones, a body adapted to be disposed in said casing
above said packer means, said body having a first flow
path leading between said well pipe and said well outside
of said body above said packer means, means providing a
second flow path leading between said well outside of
said body above said packer means and said well below
said packer means, and plug means selectively position-
able in said body to close off one of said flow paths and
to open both of said flow paths, whereby fluid can flow
only from one of said zones to said well pipe and con-
fluently from both of said zones to said well pipe, where-
in said body is provided with an elongate passage having
upper and lower cylindrical sealing surfaces, a radial
port in said first flow path above said upper sealing sur-
face leading into said passage from outside of said body,
a radial port in said second flow path between said
upper and lower sealing surfaces leading into said passage
from outside of said body, and said plug means com-
prises an elongate member having a central passage there-
through, said elongate member having sealing ring means
engageable with said lower sealing surface.

20. Oil well producing apparatus as defined in claim
31, wherein said body is provided with an elongate bore
having upper and lower cylindrical sealing surfaces, a
radial port in said first flow path leading into said bore
between said sealing surfaces, said plug means including
an elongate member having a central opening there-
through in said second flow path, said elongate member
having upper and lower sealing rings and a port in said
first flow path above said upper sealing ring and including
means for selectively positioning said elongate member
in a first position with said upper and lower seal rings
engaged with said upper and lower sealing surfaces to
close said first flow path and a second position with said
upper and lower seal rings engaged with said lower seal-
ing surfaces to open said first flow path.

21. Oil well producing apparatus as defined in claim
31, wherein said body is provided with an elongate bore
having upper and lower cylindrical sealing surfaces, a
radial port in said first flow path leading into said bore
between said sealing surfaces, said plug means includ-
ing an elongate member having a central opening there-
through in said second flow path, said elongate mem-
ber having upper and lower sealing rings and a port in
said first flow path above said upper sealing ring and
including cooperative pin and slot means in said body
and carried by said elongate member for selectively posi-
tioning said elongate member in a first position with said
upper and lower seal rings engaged with said upper and
lower sealing surfaces to close said first flow path and
a second position with said upper and lower seal rings
engaged with said lower sealing surfaces to open said
first flow path.

22. Oil well producing apparatus as defined in claim
31, wherein said body is provided with an elongate bore
having upper and lower cylindrical sealing surfaces, a
radial port in said first flow path leading into said bore
between said sealing surfaces, said plug means including
an elongate member having a central opening there-
through in said second flow path, said elongate member
having upper and lower sealing rings and a port in said
first flow path above said upper sealing ring and includ-
ing cooperative pin and slot means in said body and
carried by said elongate member for selectively posi-
tioning said elongate member in a first position with said
upper and lower seal rings engaged with said upper and
lower sealing surfaces to close said first flow path and
a second position with said upper and lower seal rings
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engaged with said lower sealing surfaces to open said
first flow path, said pin and slot means including a tubu-
lar ‘member, means swivelly connecting said tubular
member to said elongate member, said tubular member
having an opéening in said second flow path communicat-
ing with said passage in said elongate member, said
‘tubular member having a pin, and said body having a
slot configuration including axially spaced shoulders en-
gageable by -said pin for holding said clongate member
'in said first and second positions.

© 23. In oil well producing apparatus for use in pro-
ducing through production tubing a pair of spaced well
zones in which a perforated casing is set: a well packer
‘having means sealingly engageable with the casing be-
tween said zones, a body conmected above said packer,
said body having a passage extended vertically there-
through and leading to said tubing, means for conducting
fluid from below said packer to said passage, an upper
radial port leading into said passage from outside of said
body, a lower radial port leading to said passage from
outside of said body, and plug means selectively position-
able in said passage for closing off said passage above said
lower port and establishing communication between said
upper port and said passage, and for closing off said pas-
"sage below said lower port and establishing communica-
tion between said upper port and said passage, and. for
closing off both of said ports and establishing communi-
cation between said tubing and said casing below said
packer.

24. Oil well producing apparatus as defined in claim
23, wherein pump means are provided in said tubing, said
pump means having an inlet communicating with said plug
means., : :

25. Oil well producing apparatus as defined in claim 23,
‘wherein pump means are provided in said tubing, and in-
cluding means for removably connecting said plug means
to said pump means for selectively positioning said plug
means in said passage. ’

26. Oil well producing apparatus as defined in claim
23, wherein releasable latch means are provided for re-
‘leasably retaining said plug means in position.

27. Apparatus as defined in claim 23, wherein said
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‘body is provided with an upwardly opening second pas-

sage communicating with said lower port.

28. Apparatus as defined in claim 23, wherein said body
is provided with a downwardly opening second passage
communicating with said lower port.

29. Apparatus as defined in claim 23, including re-
leasable latch means for connecting said body to said
packer.

" 30. Apparatus as. defined in claim 23, including re-
leasable sealing coupling means for interconnecting said
body to said packer, and a conduit leading from said cou-
pling means to said passage in said body.

31. In oil well producing apparatus for use in producing
a pair of spaced well zones through a single well pipe:
packer means sealingly engageable in said well between
said zones, a body adapted to be disposed in said casing
above said packer means, said body having a first flow
path leading between said well pipe and said well outside
of said body above said packer means, means providing
a second flow path separate from said first flow path and
leading between said well outside of said body above said
packer means and said well below said packer means,
and plug means selectively positionable in said body in
said first flow path to close off one of said flow paths
and to open both of said flow paths, whereby fluid can flow
only from one of said zones to said well pipe and con-

fluently from both of said zones to said well pipe.

32. Oil well producing apparatus as defined in claim

.1; wherein 'said plug means is selectively positionable in
said body in said first flow path to close off one of said

flow paths and to open both of said flow paths.
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