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57 ABSTRACT 
Apparatus for flowing fluid from wells such as oil wells 
and the like, utilizing gas displacement of fluid enter 
ing the well from an earth formation intersected by 
the well. Apparatus is utilized that enables the use of a 
simple downhole double check valve system that may 
be retrieved from the well for repair or replacement 
simply by removing the centermost conduit from the 
well thereby enabling the use of blowout proof safety 
mechanisms for such repair or replacement operations 
and eliminating the necessity of simultaneously remov 
ing all of the conduits or removing liquid filled tubing 
from the well. 

14 Claims, 8 Drawing Figures 
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APPARATUS FOR FLOWING LIQUED FROM A 
WELL 

FIELD OF THE INVENTION 
This invention is directed generally to apparatus for 

producing fluid such as oil from earth formations hav 
ing insufficient formation pressure for raising the fluid 
to the surface of the earth. More particularly, the in 
vention is directed to pneumatic displacement pump 
means incorporating a downhole valve mechanism and 
a surface-located control facility that cooperate to in 
ject pressurized gas into the well for displacement of 
liquid production fluid such as petroleum therefrom. 

BACKGROUND OF THE INVENTION 

While the invention will be explained for purposes of 
simplicity with regard to its application to production 
of oil from oil-bearing earth formations having little or 
no formation pressure, it is considered obvious that the 
invention may be utilized effectively for displacement 
of other fluids that may or may not be located within 
earth formations. The present invention will be dis 
cussed in its application solely for the production of oil 
from oil-bearing earth formations for purposes of sim 
plicity and to facilitate ready understanding of the in 
vention. 
When oil-bearing formations are discovered that 

have insufficient formation pressure for gas energized 
production of oil found in the formation, or when a 
pressurized oil-bearing formation loses a substantial 
amount of its formation pressure, it will become neces 
sary to provide for recovery of the oil by methods other 
than production by formation pressure flowing. One 
acceptable method for producing low pressure or zero 
pressure oil-bearing formations has been the use of me 
chanically energized pumps but these pumps are gener 
ally restricted to production of oil from shallow oil 
bearing formations. Another method, successfully uti 
lized in production of otherwise unproducible oil wells, 
has been the use of pneumatic displacement pumps, 
which may also be referred to as "gaslift valves.' These 
pumps or valves may be energized by compressed air, 
compressed inert gases, steam, or compressed natural 
gas and are effective to achieve production of oil 
bearing formations that are of substantial depth. U.S. 
Pat. No. 1,326,338 to Gregory, 1,754,945 to Haskell, 
and 3,106,170 to Gray, each disclose pneumatic dis 
placement type devices for flowing or pumping oil 
wells. 
One problem presented by the use of pneumatic type 

fluid displacement pumps or flowing devices is the 
physical dimension of the well casing within which the 
pump mechanisms must be received. Because of the 
substantial physical size of most pneumatic displace 
ment pumps, it is necessary to provide a well bore and 
well casing of substantial dimension to allow sufficient 
space within which the pump may be received. Well 
bores of substantial size are expensive to drill and quite 
obviously detract from the commercial effectiveness of 
the pumping system. Moreover, oil wells of relatively 
small dimension that have been previously produced by 
formation gas pressure and have ceased production be 
cause of loss of such formation pressure may be impos 
sible to produce with conventional pneumatic displace 
ment type pumping mechanisms because of the physi 
cal limitations of the well provide insufficient space for. 
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2 
conventional pneumatic displacement pumps. It may 
not be possible to obtain a pneumatic displacement 
type pump of sufficiently small dimension to be re 
tained within a relatively small well bore and it may be 
impractical to increase the well dimension sufficiently 
to accept a conventional displacement pump. 
Another problem frequently associated with pneu 

matic displacement type pumping mechanisms is the 
typical necessity of simultaneously removing multiple 
tubing strings from the well. The tubing weight that 
must be lifted may require the use of expensive heavy 
duty workover rigs thereby increasing the expense of 
the workover operation. More important however, it 
may be impossible to employ blowout proof well safety 
mechanisms during tubing retrieval operations. This 
feature, of course, presents safety hazards that are fre 
quently very difficult and expensive to overcome. 
Another problem typically associated with pneu 

matic displacement type pumping mechanisms is the 
frequent necessity of removing strings of tubing from 
the well that may be substantially filled with oil, which 
is disadvantageous not only because of the excessive 
weight of the tubing string but also because the en 
trapped oil frequently spills when the tubing is sepa 
rated and presents a safety hazard because of the likeli 
hood of fire and generally unsafe conditions presented 
by oil spills. It would be desirable, of course to remove 
tubing strings from the well that are not filled with oil. 
or oil-water mixtures. 
Accordingly, it is a primary object of the present in 

vention to provide pneumatic displacement type pump 
ing apparatus for flowing oil from a well that obviates 
any necessity for lifting oil filled tubing strings from the 
well during repair or replacement operations. 

It is an even further object of this invention to pro 
vide novel pneumatic displacement type pumping ap 
paratus having downhole valves that may be removed 
for repair or replacement simply by removing the in 
nermost lightweight tubing string from the well. 
Another object of the present invention involves the 

provision of novel pneumatic displacement type pump 
ing apparatus for flowing wells, including valve appara 
tus and valve seat structures that may be completely re 
moved from the well in a single operation simply by re 
moving the centermost light-weight tubing string from 
the well. 
Among the several objects of the present invention is 

contemplated the provision of novel pneumatic dis 
placement type pumping apparatus that may be effec 
tively utilized in oil wells of relatively small casing di 
mensions. 

It is also an important object of the present invention 
to provide novel pneumatic displacement type pump 
ing apparatus employing a simple crossover mechanism 
that promotes efficient pumping operation of the appa 
ratus. 

It is another object of the present invention to pro 
vide novel pneumatic displacement type pumping ap 
paratus employing a gas control system enabling selec 
tive recirculation of uncontaminated gas or venting of 
contaminated gas, if desired, without altering the physi 
cal structure of the pumping apparatus. 

It is an even further object of the present invention 
to provide novel pneumatic displacement type pump 
ing apparatus for flowing oil from a well, which appara 
tus is simple in nature, reliable in use, and low in cost. 
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Other and further objects, advantages, and features 
of the present invention will become apparent to one 
skilled in the art upon consideration of the written 
specification, the attached claims, and the annexed 
drawings. The form of the invention, which will now be 5 
described in detail, illustrates the general principles of 
the invention, but it is to be understood that this de 
tailed description is not to be taken as limiting the 
scope of the present invention. 

SUMMARY OF THE INVENTION 

A preferred embodiment of the present invention 
may comprise inner and outer conduits removably re 
tained by a well-head and extending to the production 
zone within the well casing. Each of the tubing strings 
may be provided with a ball-and-seat-type check valve 
structure to allow the flow of oil from the production 
zone into the casings but to prevent flow in the opposite 
direction. 
The inner and outer tubing strings cooperate to de 

fine a pressure-imposing chamber and a fluid flow 
chamber separated by the normally closed ball-and 
seat valve of the inner tubing string. The outer tubing 
string is communicated with a source of pressurized ac- 25 
tuating gas such as compressed air, compressed natural 
gas, or steam, which may be introduced into the annu 
lus between the inner and outer tubing strings under 
control of a first solenoid actuated control valve. 
An exhaust conduit may also be communicated with so 

the annulus between the inner and outer tubing strings 
and may be communicated with a valve actuated recir 
culating conduit and a valve actuated vent conduit. The 
recirculating and venting valves may be selectively 
opened either to vent contaminated gas to a disposal 35 
facility or to recirculate uncontaminated gas in a closed 
loop to a reservoir for repressurization and reinjection 
into the pressure imposing chamber. 
A controller mechanism is operative to selectively 

actuate the injection valve, the recirculation valve, and 40 
the venting valve to achieve cyclic operation of the 
pumping system for displacing oil or an oil-water mix 
ture that may have bypassed the check valve of the 
outer tubing string and may have entered the annulus 
between the inner and outer tubing strings. 45 
Another embodiment of the present invention may 

incorporate inner and outer tubing strings substantially 
as described above with the outer tubing string having 
landing nipples disposed intermediate the extremities 
thereof and at or adjacent the lower extremity thereof. 50 
The inner tubing string may be provided with a valve 
housing at or adjacent the lower extremity thereof that 
may be received by the lowermost landing nipple and 
may include upper and lower check valve mechanisms 
that cooperate with control valves and a controller 
mechanism to achieve cyclic pumping operation to dis 
place fluid from within the valve structure to a flow line 
disposed in communication with the inner or outer tub 
ing string, as the case may be. A crossover mechanism 
may be carried by the inner tubing string and may be 
received by the intermediate landing nipple in such 
manner as to define crossing over of both the injected 
gas and the displaced liquid from the inner to the outer 
tubing strings for the purpose of simplifying the neces- 65 
sary structure for the displacement pump mechanism 
and enhancing the physical dimension of the pressure 
imposing chamber to achieve substantial production. 
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4. 
The valve housing, along with the upper and lower 

check valve and valve seat mechanisms and the cross 
over mechanism, may be removed from the well for re 
pair or replacement simply by removing the inner tub 
ing string from the well. This feature allows individual 
removal of the tubing string and allows the use of blow 
out proof safety mechanisms as the well pumping 
mechanism is being removed or reinstalled during ser 
vicing operations. 

BRIEF DESCRIPTION OF THE DRAWINGS 
So that the manner, in which the above recited fea 

tures, advantages and objects of the present invention, 
as well as others which will become apparent, are at 
tained and can be understood in detail, more particular 
description of the invention, briefly summarized above, 
may be had by reference to the embodiments hereof 
which are illustrated in the appended drawings, which 
drawings form a part of this specification. 

It is to be noted, however, that the appended draw 
ings illustrate only typical embodiments of the inven 
tion and are therefore not to be considered limiting of 
its scope, for the invention may admit to other equally 
effective embodiments. 

IN THE DRAWINGS 

FIG. 1 is a sectional view of the upper portion of a 
pneumatic displacement type pumping apparatus con 
structed in accordance with the present invention. 
FIG. 2 is a sectional view illustrating the lower por 

tion of the pump structure of FIG. 1. 
FIG. 3 is a plan view of the pumping apparatus,of 

FIGS. 1 and 2. 
FIG. 4 is a sectional view illustrating the upper por 

tion of a modified displacement type pumping appara 
tus constructed in accordance with the present inven 
tion. 
FIG. 5 is a sectional view of the lower portion of the 

pumping apparatus of FIG. 4. 
FIG. 6 is a plan view of the pumping apparatus of 

FIG. 4. 
FIG. 7 is a sectional view illustrating an intermediate 

portion of the pumping apparatus of FIG. 4 illustrating 
the cross-over mechanism in detail. 
FIG. 8 is an elevational view of one typical well-head 

structure and illustrating connection thereto of a pres 
surized gas supply and control system for the pumping 
apparatus of this invention. 
DESCRIPTION OF PREFERRED EMBODIMENTS 

Now referring to the drawings and first to FIG. 1, 
there is disclosed a well bore drilled in the earth from 
the surface to an oil-bearing formation, which well bore 
may be lined with a casing 12 that may be secured to 
the well bore by well cement or the like. At the upper 
extremity of the casing 12 is disposed a well-head illus 
trated generally at 14, including a hanger assembly 16 
secured to the upper extremity of the casing 12 in any 
desired manner. An outer conduit or tubing string 18 
may be secured to the hanger assembly 16 and may be 
maintained in removable sealed relation with the 
hanger assembly and well-head structure by a packing 
or stuffing box 20. In the alternative, the outer conduit 
18 may be formed integrally with or may be fixed to the 
tubing hanger structure 16 thereby eliminating the ne 
cessity for provision of a stuffing box such as the stuff 
ing box 20. The outer tubing string may be removed 



S 
from the well simply by releasing the connection be 
tween the tubing hanger 16 and the casing 12 and lift 
ing the outer conduit from the casing in conventional 
Iainer. 

An inner conduit or tubing string 22 may be received 
within the outer conduit 18 in substantially concentric 
relation therewith and may extend downwardly to a po 
sition adjacent the lower extremity of the outer conduit 
and at or near the oil production zone or at a level 
below the maximum level to which liquid rises within 
the well. The inner conduit 22 may be supported by the 
outer conduit 18 or by other appropriate well-head 
structure, if desired, and may be maintained in remov 
able sealed relation with the outer conduit by an upper 
stuffing box. 24. The inner conduit 22 may be provided 
with a conventional tee connection 26 at the upper ex 
tremity thereof that may be employed for connection 
of a flow line 28 in fluid communication with the inner 
conduit to conduct produced oil from the well-head to 
a storage facility pipeline or the like. The upper open 
ing of the tee connection 26 may be plugged, if desired, 
or other well control or monitoring structure such as 
pressure gauge mechanisms may be connected to the 
tee connection in obvious manner if so desired. 
With reference now to FIG. 2, the outer casing 18 

may be internally threaded at its lower extremity and 
may threadedly receive a lower or main valve housing 
30 having a valve seat 32 retained therein. A valve ball 
34 may be received within an axial bore 36 defined 
within the valve housing and may be normally seated 
against the valve seat 32, thereby maintaining the main 
valve in a normally closed condition. The main or lower 
valve will therefore constitute a check valve that is 
opened by pressure differential created across the valve 
seat of sufficient force to raise the valve ball from its 
seat and allow the flow of oil from the casing into a 
pressure-imposing chamber A. The pressure-imposing 
chamber may be defined in part by the space above the 
seat 32 and below the lower extremity of the inner con 
duit and may be defined in part by the annulus between 
the inner and outer tubing strings. A retainer strap 38 
which may take the form of a cage if desired may be se 
cured to the valve housing 30 by means of bolts 40 and 
may serve to prevent the valve ball 34 from being 
ejected from the bore 36 by sudden pressure differen 
tial across the valve seat. It is readily seen that upon 
achieving sufficient pressure differential for opening of 
the main check valve 34, fluid will enter the pressure 
imposing chamber from the well casing and rise to a 
suitable level therein. 
The inner conduit 22 may terminate in a valved plug, 

illustrated generally at 42, that may be provided with 
a means for centering the valved plug within the outer 
casing 18. If desired, the centering means may conve 
niently take the form of spiral fins 44 that extend exte 
riorly and longitudinally along the plug 42 and engage 
the inner wall of the outer conduit 18, the fins with the 
adjacent portion of the wall of the casing 18 forming 
helical passageways for imparting a helical twist to the 
oil admitted to the pressure-imposing chamber A 
through the lower main check valve 29. Imparting a he 
lical twist to the flow of oil passing through the passage 
ways creates substantial turbulence and prevents sedi 
ment such as sand and other foreign matter from accu 
mulating within the valving mechanism. 
The valved plug 42 may comprise a valve body por 

tion 46 having a central passageway 48 formed therein 
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6 
and adapted to receive a valve ball element 50 cooper 
ating with a seat to define an upper check valve. A 
valve seat element 42 may be threadedly received at 
the lower extremity of the housing 46 and may provide 
an appropriate spherical seat for engagement by the 
valve ball 50. The seat element 52 may be provided 
with a central passageway 54 through which oil and 
other liquid may flow from the pressure-imposing 
chamber A past the upper check valve 50. The passage 
way 48 through the valve structure may be restricted at 
the upper extremity thereof as shown at 56 in order to 
prevent ejection of the valve ball 50 from the passage 
way by fluid urging the valve ball from its seat. Diver 
gent passageways 58 and 60 may be formed within the 
valve body 46 and may serve to bypass the valve ball 
after the valve ball has been lifted from its seat. 
The upper and lower check valves effectively cooper 

ate to allow well fluid such as oil or oil/water mixture 
to enter the valve structure and to allow pressure 
imposing fluid to displace such fluid from the well. As 
suming pressure within the pressure-imposing chamber 
to be lower than pressure existing below the lower or 
main check valve, pressure differential across the 
check valve may be sufficient to lift the valve ball 34 
from its seat thereby allowing well fluid to flow past the 
valve ball and into the pressure-imposing chamber A. 
It may be desirable to communicate a source of subat 
mospheric pressure to the pressure-imposing chamber 
A under these circumstances to enhance the flow of 
well fluid into the pressure-imposing chamber. 
After the pressure-imposing chamber has become 

sufficiently filled with liquid from the well bore, a 
source of pressurized gas such as compressed air, com 
pressed natural gas, steam or the like may be communi 
cated to the pressure-imposing chamber thereby pres 
surizing the same. When the pressure-imposing cham 
ber has become so pressurized, the main valve ball 34 
will be tightly seated by such pressure against its seat 
32 and will prevent oil within the pressure-imposing 
chamber from flowing back into the well bore. The in 
creased pressure within the pressure-imposing chamber 
will cause the upper valve ball 50 to become unseated 
from its seat element 52, thereby allowing the well fluid 
to flow from the pressure-imposing chamber into an oil 
flow chamber B, defined within the inner conduit 22. 
If the pressure differential across the valve ball 50 or 
the rate of flow of fluid within the passageway 46 is suf 
ficiently great to lift the valve ball 50 to a position 
blocking the restricted aperture 56, the flow of dis 
placed well fluid will continue into the oil flow cham 
ber B through the bypass passages 58 or 60. The oil, so 
displaced, will flow through the flow chamber B to the 
flow line 28 where it will be conducted to a storage fa 
cility or to a pipe-line for ultimate transportation away 
from the production site. 
Referring now to FIG. 1, it will be appropriate to pro 

vide the pneumatic displacement type well pumping 
apparatus with means to supply pressurized displace 
ment fluid to the well and to control cyclic injection 
and exhaust of such pressurized fluid from the pres 
sure-imposing chamber of the pumping system. One 
such supply and control system may conveniently take 
the form illustrated in the upper portion of FIG. 1, 
which discloses a reservoir 62 adapted to contain a gas 
eous medium such as air or natural gas that may be ob 
tained from a gas supply and maintained under pres 
sure by a compressor 64 communicated with the reser 
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voir by a conduit 66. A supply conduit 68 is connected 
to the reservoir, and conducts the pressurized gaseous 
medium to the pressure-imposing chamber A under 
control of an automatically actuated valve 70 which, 
for simplicity, will be referred to herein as a solenoid 
valve although other automatically actuated valves may 
be employed with equal success. The valve 70 is nor 
mally closed and is opened and closed responsive to a 
controller system 72 that may be of electric, electrome 
chanical, or electronic nature as desired and is capable 
of achieving controlled actuation of solenoid con 
trolled valve. 
An exhaust conduit 74 may also be connected to the 

outer conduit and may communicate used pressure 
imposing fluid from the pressure-imposing chamber A 
for venting through a vent passage 76 under control of 
a normally open solenoid actuated vent valve 78. A re 
circulation conduit 80 may be connected to the conduit 
74 upstream of the valve 78 and may be controlled by 
a normally closed solenoid actuated valve 82 to recir 
culate used uncontaminated pressure-imposing fluid to 
the compressor 64 and reservoir 62 for reuse. A filter 
84 of any suitable type may be disposed within the re 
circulation conduit 80 in order to separate any foreign 
matter that might have become entrained in the pres 
sure-imposing fluid exhausted from the well. 
Assuming that well fluid has entered the pressure 

imposing chamber A in the manner discussed hereinbe 
low, and has risen to a suitable level within the pres 
sure-imposing chamber, the conroller 72 operating in 
timed sequence, or operating in response to the level of 
liquid within the pressure-imposing chamber, will cause 
simultaneous opening of the injection valve 70 and 
closing of the vent valve 78 and will allow the normally 
closed valve 82 to remain closed. Pressurized fluid is 
thereby communicated from the reservoir 62 into the 
pressure-imposing chamber. A resulting in pressuriza 
tion of the liquid within the pressure-imposing cham 
ber, thereby causing the liquid to flow past the upper 
check valve into the flow chamber B where it is con 
ducted to the flow line 28 as discussed above. 

In response to timed sequence of the controller 72, 
or in response to a predetermined low level of fluid 
within the pressure-imposing chamber A, the controller 
72 will actuate the valve 70 to its closed position, 
thereby, terminating injection of pressure-imposing gas 
and will cause opening of either of the vent or recircu 
lation valves 78 or 82, depending upon the nature of 
the pressure-imposing gas exhausted from the chamber 
A. If the pressure-imposing gas is contaminated or is 
otherwise no longer usable for liquid displacement pur 
poses, the controller will actuate the valve 78 to its 
open position, thereby venting the pressure-imposing 
gas through conduit 76 to a gas disposal system. In the 
event natural gas or other combustible gas is utilized 
for liquid displacement purposes, the natural gas may 
be burned or it may be transported to any suitable facil 
ity or utilization thereof. 

In the event the pressure-imposing gas exists from the 
chamber A in an uncontaminated condition, the con 
troller 72 will actuate the recirculation valve 82 to its 
open position and will allow valve 78 to remain closed, 
thereby causing exhausted gas from the exhaust con 
duit 74 to enter the recirculation conduit 80 where it 
is conducted through the filter 84 and is recompressed 
by the compressor 64 and stored in the reservoir 62 in 
compressed condition for use in subsequent cycles of 

10 

5 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
the pumping operation. If desired, the uncontaminated 
gas may be otherwise used to do other useful work. 
As indicated above, the controller 72 may be opera 

tive responsive to liquid levels within the pressure 
imposing chamber or may be operative responsive to a 
suitable timing mechanism for cyclic actuation of the 
control valves in the manner discussed above. One ac 
ceptable controller system is disclosed in U.S. Pat. No. 
3,106, 170. 

It would be desirable to provide a pneumatic dis 
placement type pumping mechanism that may be sim 
ply and inexpensively removed from the well in order 
to promote simple replacement or repair of the valve 
mechanism. It would also be desirable to provide a 
pumping mechanism that promotes the use of blow-out 
proof safety mechanisms during work over operations. 
One such pneumatic displacement type pumping mech 
anism may conveniently take the form illustrated in 
FIGS. 4 through 7 where a well casing 86 is shown to 
be extended downwardly into a well bore 88 from the 
surface of the earth to a production zone from which 
oil may be produced. An outer tubing or conduit string 
90 may be received within the casing 86 and may also 
extend downwardly to the production zone or at least 
to a position below the maximum liquid level within the 
casing. The outer conduit 90 may be secured to the 
well-head structure and may be maintained in sealed 
relation with the well-head structure by a packing as 
sembly stuffing box 92. If desired, connection between 
the casing 86 and the outer conduit 90 may take a simi. 
lar form as illustrated in FIG. 1. 
An inner conduit 94 may be received within the outer 

conduit 90 and may be supported at the upper extrem 
ity of the outer conduit by any suitable tubing hanger 
structure. Alternatively, the inner conduit may be sup 
ported by seating devices typically employed in well 
head structures. A stuffing box 96 may be employed to 
maintain sealed relation between the inner and outer 
conduits. 
With reference now to FIG. 5, the outer conduit 90 

may be provided with a landing nipple 98 that may be 
connected into the outer conduit at a level within the 
well bore that is substantially below the liquid level 
within the well. If desired, the landing nipple 98 may be 
disposed at the lower extremity of the outer conduit 90. 
The landing nipple 98 may be provided with an internal 
locking groove 100 within which may be received a re 
leasable locking mechanism 102 defining a part of a 
valve assembly illustrated generally at 104. 
The valve assembly may incorporate a plug element 

106 adapted to carry an annular seal 108 that may be 
disposed in sealed engagement with a generally cylin 
drical inner peripheral surface 110 of the landing nip 
ple 98. The landing nipple may be provided with an in 
ternal tapered landing flange 112 adapted to receive a 
correspondingly tapered support shoulder 114 defined 
on the plug thereby supporting the plug in the position 
illustrated in FIG. 5, but allowing the plug to be moved 
upwardly as desired. The landing flange and support 
shoulder cooperate to center the valve assembly rela 
tive to the landing nipple and thereby centering the 
inner conduit within the outer conduit. Although a spe 
cific landing nipple and locking mechanism is illus 
trated in FIG. 5, it is not intended to limit the present 
invention to use of these particular structures, it being 
obvious that other landing nipple structures and lock 
ing mechanisms may be incorporated into the present 
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invention without departing from the spirit or scope 
thereof. 
A main valve housing 116 may be threadedly re 

ceived within the lower extremity of the plug 106 and 
may incorporate a valve seat against which is normally 
seated a ball-type check valve 120 that may be retained 
within a passage 122 formed in the valve housing. A re 
tainer element 124 may be secured to the valve housing 
by bolts 126 or by any other acceptable means to pre 
vent the valve ball 120 from being completely dis 
placed from the passage 122 of the valve housing 116 
by fluid through the valve. 
The upper extremity of the plug 106 may be provided 

with external threads that may be threadedly received 
by a perforated connection element 128 that estab 
lishes fluid communication between an interior passage 
130 of the plug structure 106 and the pressure 
imposing chamber A. If desired the connection element 
128 may be provided with a plurality of elongated slots 
instead of the circular perforations or the connection 
element may conveniently take the form of a plurality 
of elongated connection elements serving merely to 
maintain structural connection between the upper and 
lower check valve assemblies while at the same time 
defining fluid communication between the valve cham 
ber between the check valve assemblies and the pres 
sure-imposing chamber A. The perforated connection 
element 128 may be threadedly received at the upper 
extremity thereof by external threads formed on the 
valve housing portion 130 of an upper check valve il 
lustrated generally at 132. The valve housing 130 may 
be provided with external threads at the upper extrem 
ity thereof for threaded connection of the valve hous 
ing to the lower extremity of the inner conduit 94. A 
valve ball 134 may be retained within a central opening 
136 formed in the valve housing 130 and may be nor 
mally disposed in sealing engagement with a compli 
mentary seat defined about an orifice 138 extending 
through a valve seat element 140 secured to the valve 
housing 130. The passage 136 may be restricted at its 
upper extremity to define a flow orifice 142 through 
which liquid may flow. The restricted passage is effec 
tive to prevent ejection of the valve ball 134 from the 
valve housing upon imposition of substantial pressure 
differential across the valve ball or upon substantial 
flow of produced fluid past the valve ball. By-pass pas 
sages 144 and 146 may be defined within the valve 
housing and may conduct fluid past the raised valve 
ball 134 as liquid flows from the pressure-imposing 
chamber A through the perforations of the connection 
element 128 and through orifice 138 past the valve 
ball. 
Referring now to FIG. 7, it will be desirable to pro 

vide a pressure-imposing chamber that is as large as 
possible in order to facilitate substantial production 
during each operative cycle of the pump structure. Ac 
cordingly, means for providing a pressure imposing 
chamber of substantial dimension may conveniently 
take the form illustrated in FIG. 7 where an intermedi 
ate landing nipple 148 is shown to be threadedly con 
nected into the outer conduit 94. The landing nipple 
148 may be provided with an internal locking groove 
150 adapted to releasably receive a locking mechanism 
152 carried by an intermediate crossover plug that may 
be threadedly connected into the inner conduit. 
An annular sealing element may be retained by the 

crossover plug 154 and may establish sealed engage 
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10 
ment with a generally cylindrical surface 158 defined 
internally of the landing nipple 148. The landing nipple 
148 may be provided with a tapered internal landing 
flange 160 that may be engaged by a complimentary 
tapered support surface i62 formed on the plug to pro 
vide support for the crossover plug and to positively lo 
cate the releasable locking mechanism 152 in juxtapo 
sition with the annular locking groove 150. 
The crossover plug 54 may be provided with down 

wardly diverging passages 62 and 164 that serve to 
conduct pressurized gas from the upper part of a pres 
sure-imposing chamber A within the inner conduit 94 
to the lower part of pressure-imposing Chamber A dis 
posed in the annulus between the inner and outer con 
duits. Likewise, diverging passageways 166 and 168 
may be defined within the crossover plug to conduct 
flowing oil from the lower portion of the oil flow cham 
ber B, within the inner conduit 94, to the upper portion 
of oil flow chamber B, disposed within the annulus be 
tween the inner and outer conduits above the crossover 
plug. This feature effectively allows the use of the 
smaller dimensioned inner conduit for conducting the 
pressurized gaseous medium downwardly into the well 
for displacement purposes and allows utilization of the 
substantially larger dimensioned chamber, defined by 
the annulus between the inner and outer conduits, to 
receive the volume of oil or other well fluid that is to 
be displaced during a given actuation cycle of the 
pumping mechanism. 

If it should become desirable to increase the volume 
of the pressure-imposing chamber A below the cross 
over plug 154 the inner conduit 94 may be removed 
from the well and the cross-over plug may be con 
nected into the conduit at a greater distance from the 
bottom of the well. The landing nipple 148 however, 
must also be relocated within the outer conduit 90 in 
corresponding manner. Likewise, reduction in the vol 
ume of the pressure-imposing chamber A may be 
achieved by lowering the effective level of the cross 
over plug and landing nipple with respect to the outer 
casing 86. 
The inner conduit 94 extends through the upper 

stuffing box 96 and may be communicated with a gas 
injection conduit 149 and an exhaust conduit 151. 
Flow of pressurized gas for injection into the well may 
be controlled by means of a solenoid actuated injection 
control valve 153 while exhaust of used pressure 
imposing fluid is either recirculated in the manner dis 
cribed above in regard to FIG. 1 under control of a re 
circulation valve 155 actuated by a control mechanism, 
or is vented to a suitable disposable facility through a 
vent conduit 157 under control of a solenoid actuated 
vent valve 159, also energized by the control system. 
The conduit 80 may, if desired, transport used but un 
contaminated gas to another facility for commercial 
S. 

Cyclic actuation of the pumping system may be 
achieved by closing the normally open vent valve 158 
and allowing the normally closed recirculation valve 
154 to remain closed while the injection valve 152 is 
opened to admit pressurized gas from the reservoir to 
the inner conduit 94 where it is conducted downwardly 
through the pressure-imposing chamber A to the cross 
over plug 154 where it diverges through the passages 
162 and 164 into the annulus defining the lower part of 
the pressure-imposing chamber A below the crossover 
plug. Oil, that has bypassed the lower check valve 120 
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and has become entrapped within the pressure 
imposing chamber below the crossover plug, will be 
come pressurized and will flow through the perfora 
tions of the connection element 128, unseat the upper 
check valve ball 134 and flow through the orifice 142 
and through the bypass passages 144 and 46 into the 
lower part of the flow chamber B, within the inner con 
duit 94 and below the crossover plug. The displaced oil 
responding to pressure created by the injected gas will 
flow upwardly through the diverging passages 166 and 
168 of the cross-over plug and into the annulus be 

O 

tween the inner and outer conduits defining the upper 
portion of the flow chamber Babove the crossover 
plug. The displaced oil will continue to flow upwardly 
through the annulus where it will be conducted away 
from the well head structure by a discharge conduit 
160 to an appropriate storage facility or any other ap 
propriate system for handling of the oil so produced. 
With reference now to FIG. 8, there is illustrated a 

typical well head to which may be connected a pressur 
ized gas supply and a control system for a downhole gas 
displacement type pumping system according to the 
present invention. It may be deemed practical to pro 
vide a dual purpose gas supply and exhaust conduit 170 
that may be disposed in fluid communication with the 
annulus between the inner and outer conduits. The gas 
supply and exhaust conduit 170 may be provided with 
a tee connection 172 to which may be connected a sup 
ply conduit 174 controlled by a solenoid actuated valve 
176 for communicating pressurized fluid such as com 
pressed gas from a reservoir into the annulus. A dis 
charge conduit 178 may also be connected to the tee 
172 and may be controlled by a solenoid actuated valve 
180 to achieve venting of contaminated pressure 
imposing fluid from the well head pumping system fol 
lowing a pumping cycle. A recirculation conduit 182 
may be disposed in fluid communication with the dis 
charge conduit 178 and may be controlled by a sole 
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noid valve 184, to return uncontaminated pressure- . 
imposing fluid back to the reservoir for repressuriza 
tion and reuse in subsequent pumping cycles. A con 
troller mechanism may control cyclic pumping by se 
quentially actuating the solenoid valves in the manner 
discussed above in connection with FIGS. 1 and 4. 

In the pumping systems illustrated in both FIGS. 4 
and 8, it may be appropriate to utilize only two valves 
at any one time. For example, the gas supply valve 153 
may be actuated in timed sequence with either the vent 
valve 159 or the recirculation valve while the remain 
ing automatic valve remains idle. 

It is therefore apparent that I have provided a novel 
pneumatic displacement type pumping system for oil 
wells and the like that may be effectively utilized in rel 
atively narrow well bores. My fluid displacement 
pumping system is effectively adapted for use in wells 
having relatively high fluid levels without sacrificing 
the fluid production capability thereof. My invention 
also enables the development of a fluid displacement 
type system that may have substantial fluid capacity 
even though the well bore and tubing structures utilized 
therein may be of relatively small dimension. My inven 
tion also enables the use of simple and inexpensive re 
pair and replacement techniques that may be accom 
plished through the use by work-over rigs of relatively 
low lifting capacity. Each of the modified embodiments 
of my invention enable work-over rigs to extract a sin 
gle string of tubing during each lifting operation 
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thereby promoting the use of lightweight work-over rig 
equipment. My invention also effectively prevents the 
necessity for lifting tubing strings that are filled with 
liquid thereby effectively limiting the weight that is 
necessary to be raised by work-over rig equipment. My 
invention also enables the recirculation of used uncon 
taminated gas for reinjection purposes or, in the event 
such gas should become contaminated by the displace 
ment process, such gas may be automatically vented for 
suitable disposition. 

In the event it should become necessary to repair or 
replace either the check valve mechanisms or the 
crossover mechanism, such can be accomplished sim 
ply by removing a single light-weight tubing string from 
the well thereby promoting simple and efficient repair 
and replacement operations and restricting the cost of 
conducting such operations. It is therefore seen that 
this invention is one well adapted to attain all the ob 
jects and advantages hereinabove set forth together 
with other advantages which will become obvious and 
inherent from a description of the apparatus itself. It 
will be understood that certain combinations and sub 
combinations are of utility and may be employed with 
out reference to other features and sub-combinations. 
This is contemplated by and is within the scope of the 
present invention. 
As many possible embodiments may be made of this 

invention without departing from the spirit or scope 
thereof, it is to be understood that all matters hereink 
above set forth or shown in the accompanying drawings 
are to be interpreted as illustrative and not in any limit 
ing sense. 

I claim: 
1. Apparatus for flowing liquid from a well, compris 

ing: 
casing means extending into said well; 
outer conduit means being removably supported by 

said casing means, said outer conduit means ex 
tending through said casing means inner conduit 
means extending into said outer conduit means and 
cooperating therewith to define a pressure impos 
ing chamber, 

a landing nipple having fixed to said outer conduit 
means below the level of liquid within said casing 
and defining an internal locking groove; 

normally closed first valve means defining a closure 
for said pressure imposing, chamber and being 
opened by pressure differential created between 
said casing and said pressure imposing chamber; 
said inner conduit means being supported by said 
outer conduit means, said inner conduit means de 
fining a fluid flow chamber, said inner conduit 
means being movable through said outer conduit 
Ileans 

flow conduit means being communicated with said 
flow chamber, 

normally closed second valve means defining a lower 
closure for said fluid flow chamber and being 
opened responsive to predetermined pressure dif 
ferential created between said pressure imposing 
chamber and fluid flow chamber; 

locking means carried by said first and second valve 
means and being disposed in releasable engage 
ment with said locking groove; 

a source of pressurized gas being communicated with 
said pressure imposing chamber; 
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first control valve means for controlling introduction 
of pressurized gas from said source into said pres 
Sure imposing chamber; 

exhaust conduit means being disposed in communi 
cation with said pressure imposing chamber and 
including recirculation conduit means connected 
to said source and vent conduit means; 

second control valve means for controlling flow of 
gas to said source from said exhaust conduit means; 

third control valve means for controlling the flow of 
gas to said vent conduit means from said exhaust 
conduit means; and 

controller means for selectively and automatically 
actuating said first, second and third control valve 
means to achieve cyclic actuation of said appara 
tuS. 

2. Apparatus as recited in claim 1: 
first packing means establishing sealed relation be 
tween said outer conduit means and said casing; 
and 

second packing means establishing sealed relation 
between said outer conduit means and said inner 
conduit means. 

3. Apparatus as recited in claim 1: 
said first and second valve means being check valves 
disposed to allow flow of liquid into said pressure 
imposing chamber and said flow chamber respec 
tively, and to prevent flow of liquid in the opposite 
direction. 

4. Apparatus as recited in claim 1: 
said first, second and third control valve means being 
automatic valves; and 

said controller means being electrically connected to 
said automatic valves and being operative to actu 
ate said valves in cyclic sequence to achieve gas 
pressure imposed displacement of liquid from said 
well. 

5. Apparatus for flowing liquid from a well, compris 
ing: 
casing means extending into said well and defining a 
well head at the upper extremity thereof; 

outer conduit means being supported by said well 
head and extending into said casing, said outer con 
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duit means terminating at a level below the level of 45 
liquid within said casing; 

a landing nipple being fixed to said outer conduit de 
fining an internal groove; inner conduit means ex 
tending into said outer conduit means; 

locking means being fixed to said inner conduit 
means and being disposed in releasable engage 
ment with said locking groove; 

a second landing nipple being fixed to said outer con 
duit means and defining a second internal locking 
groove; 

said inner and outer conduit means cooperating to 
define a pressure imposing chamber and a liquid 
flow chamber; 

valve means carried by said inner conduit means and 
being releasably received in locked engagement 
with said second internal locking groove, said valve 
means being removable along with said inner con 
duit means upon extraction of said inner conduit 
means from said outer conduit means said valve 
means comprising a valve housing; upper and lower 
check valves being disposed within said housing 
and being opened by predetermined pressure dif 
ferential developed thereacross, said lower check 
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valve controlling communication of well liquid into 
said pressure imposing chamber and said upper 
check valve controlling communication between 
said pressure imposing chamber and said liquid 
flow chamber; and second locking means being 
fixed to said inner conduit means and being dis 
posed in releasable engagement with said second 
locking groove. 

6. Apparatus as recited in claim 5: 
said fluid imposing chamber being disposed down 
stream of said lower valve and upstream of said 
upper valve; and 

perforated wall means forming a part of said valve 
housing and establishing communication between 
said outer and inner casing means intermediate 
said valves. 

7. Apparatus as recited in claim 5, including: 
crossover means being defined in said locking means 
of said inner conduit means and communicating 
said inner conduit means above said crossover 
means with said outer conduit means below said 
crossover means and communicating said inner 
conduit means below said crossover means with 
said outer conduit means above said crossover 
62.S. - 

8. Apparatus as recited in claim 5, including: 
a source of pressurized gas being disposed in commu 

nication with said pressure imposing chamber; 
first control valve means for controlling introduction 
of pressurized gas from said source into said pres 
sure imposing chamber; 

exhaust conduit means being disposed in communi 
cation with said pressure imposing chamber and 
including reuse conduit means and vent conduit 
means; 

second control valve means for selectively control 
ling flow of gas from said exhaust conduit means 
through said reuse conduit means; 

third control valve means for selectively controlling 
the flow of gas from said exhaust means through 
said vent conduit means; and 

controller means for selectively and automatically 
actuating said first, second and third control valve 
means to achieve cyclic actuation of said appara 
tuS. 

9. Apparatus for flowing liquid from a well, compris 
ing: 
casing means extending into said well and defining a 
wellhead at the upper extremity thereof; 

outer conduit means being supported by said well 
head and extending into said casing means, said 
outer conduit means terminating at a level below 
the level of liquid within said casing means; 

inner conduit means extending into said outer con 
duit means, said inner conduit means cooperating 
with said outer conduit means to define a pressure 
imposing chamber and a liquid flow chamber; 

lower check valve means carried by said inner con 
duit means and defining a closure for said outer 
conduit means and being opened by pressure dif 
ferential to allow flow of liquid from said casing 
means into said pressure imposing chamber; 

upper check valve means carried by said inner con 
duit means and separating said pressure imposing 
chamber from said flow chamber; 

a landing nipple being fixed to said outer conduit 
means and defining an internal locking groove; 
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locking means carried by said upper and lower check 
valve means and being disposed in releasable en 
gagement with said locking groove; 

said inner conduit means, said lower check valve 
means and said upper check valve means being re 
movable as a unit from said outer conduit means; 

means controllably communicating pressurized gas 
into said, pressure imposing chamber to displace 
liquid from said pressure imposing chamber into 
said liquid flow chamber; and 

means conducting liquid so displaced from said flow 
chamber. 

10. Apparatus, as recited in claim 9, including: 
connector means securing said upper and lower 
check valve means in assembly and defining a valve 
chamber therebetween, said connector means es 
tablishing fluid communication between said valve 
chamber and said pressure imposing chamber. 

11. Apparatus as recited in claim 9: 
said upper check valve means being fixed to said 
inner conduit means and defining closure means 
separating said pressure imposing chamber and 
said flow chamber; and 

connector means being secured to said upper check 
valve means and supporting said lower check valve 
means, said connector means defining valve cham 
ber means between said upper and lower check 
valve means, said connector means defining fluid 
communication between said valve chamber means 
and said pressure imposing chamber. 

12. Apparatus as recited in claim 11: 
said connector means being of tubular configuration 
and having perforations formed therein to establish 
said fluid communication between said valve 
chamber means and said pressure imposing cham 
ber. 
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13. Apparatus as recited in claim 9, said means con 

trollably communicating pressurized gas into said pres 
sure imposing chamber, including: 
a source of pressurized gas being disposed in commu 
nication with said pressure imposing chamber; 

first control valve means for controlling introduction 
of pressurized gas from said source into said pres 
sure imposing chamber; 

exhaust conduit means being disposed in communi 
cation with said pressure imposing chamber and 
including reuse conduit means connected to said 
source and vent conduit means; 

second control valve means for selectively control 
ling flow of gas to said source from said exhaust 
conduit means; 

third control valve means for selectively controlling 
flow of gas to said vent conduit means from said ex 
haust means; and 

controller means for selectively and automatically 
actuating said first, second and third control valve 
means to achieve cyclic actuation of said appara 
tS. 

14. Apparatus as recited in claim 9: 
upper support means being defined intermediate the 
extremities of said outer conduit means; and 

crossover means being carried by said inner conduit 
means and being releasably received in locked en 
gagement with said upper support means, said 
crossover means communicating said inner conduit 
means above said crossover means with said outer 
conduit means below said crossover means and 
communicating said inner conduit means below 
said crossover means with said outer conduit 
means above said crossover means. 

sk as 

: 

i 



PO-1050 UNITED STATES PATENT OFFICE 5/69) 
CERTIFICATE OF CORRECTION 

Patent No. 3, 797,968 Dated March 19, 1974 

Inventor(s) Johnnie A. Elfarr 

It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 
- 
Col. 6, line 3, "'42" should read --52 --. 

Col. 7, line 30, "conroller" should read --controller--. 

Col. lo, line - 29, the following paragraph was omitted 
--When a pumping valve mechanism and crossover mechanism 

are removed from the casing of a well, it is desirable that such 
be accomplished free of the well fluid because of the physical 
weight that must be raised and because of the danger and/or 
inconvenience that must be accommodated if liquid is allowed to 
spill from the tubing as the sections of tubing are disassembled 
For example, where secondary oil recovery procedures are 
employed, the gas injected into the well may be superheated 
Steam and the well fluid produced may be at a temperature in 
the order of 250 F. It is considered very dangerous to allow 
hot liquid to spill when workmen are in the area where the 
disassembly operations are taking place. The valve crossover 
mechanisms effectively ?llow both the inner and outer tubing 
strings to be extracted from the well with the liquid drained 
there from. The only remaining liquid will be disposed between 
the valve assembly and the crossover assembly and this can 
be removed when the last section of the inner tubing is removed 
simply by unseating the check valve l34. -- 

Col. 12, line l7, after "conducting such operations. " the 
following was omitted - 
--Moreover, the inner tubing string will not be filled with 
liquid when it is removed from the outer tubing string, thereby 
allowing the tubing sections to be readily disassembled in safe, 
Clean and efficient manner. Also, removal of the inner tubing 
String allows the outer tubing string to be extracted from the 
casing free of liquid. -- 

Col. l.2, line 43, "having" should read --being--. 

Signed and sealed this 22nd day of October 1974. 

(3:AL) w v 

Attest : 

McCOY M. GIBSON, JR. C. MARSHALL DANN 
Attesting Officer CoII)}ilissioner of Patents 

  


