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This invention relates broadly to maintaining 
reservoir volume or bottom hole pressure in wells. 
More particularly, the invention relates to 

methods and devices for returning gas to produc 
ing formations while raising liquid from well 
holes; - ?? 

in Wells such as oil wells, the rate of flow from 
the producing formations is dependent, among 
other things, upon the so-called bottom hole 
pressure which in turn is dependent, in any given 
formation, upon the amount of gas present in the 
producing reservoir available for forcing the oil 
or other liquid therein through the pores or in 
terstices of the formation into the well hole, as 
will be well understood by one skilled in the art. 
In some Wells, the bottom hole pressure is 

suficient to force the liquid produced to the sur 
face without the aid of extraneous measures such 
as gas-lift, pumps, and the like, until the bottom - 
hole pressure is reduced to such a point that the 
fluid column in the well balances the bottom 
hole pressure, in which case natural flow will 
cease, or so nearly balances this pressure that 
the rate of flow is no longer economically sufi 
cient. In other wells, the bottom hole pressure is 
never suficient to produce the Well without re 
sort to extraneous measures. 
As wells flow under these bottom hole pres 

sures, a great deal of the gas within the forma 
tion reservoir is exhausted to the surface either 
in solution with the liquid or in the form of 
globules in the liquid column. In either case, 
the amount of gas contained in the reservoir and 
useful for raising the oil or other liquid is less 
ened with a consequent reduction in bottom hole 
pressure. Furthermore, as liquid is ... removed 
from the formation reservoir, the gas in the reser 

' voir may expand into the space vacated by the 
liquid thus further lowering the bottom hole 
pressure. 
After bottom hole pressures are so reduced that 

the well will no longer produce as a flowing well, 
resort must be had to some additional means to 
raise the liquid from the well hole. In some in 
stances it is economically desirable to employ 
the gas-lift method of flowing the well in which 
gas under pressureis introduced through a con 
duit from , the well surface to liquid column to 
aerate or lighten the same, thus enabling the 
lowered bottom hole pressures to flow the well. 
either in place of the gas-lift, or after the gas 
lift is no longer effective, some type of pumping 
device must be employed for further production. 
Electrically driven centrifugal. pumps, gas-lift 
pumps and the so-called sucker rod pumps are 
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among those used depending upon the conditions 
encountered in the particular well or field or the 
rate of production possible from the well. . . 

In any case, it has been found desirable in 
many fields to retain as much gas in the produc 
sing formation as possible thereby to maintain the 
bottom hole pressure or reservoir volume thus 
favoring the ultimate recovery from the forma 
tion of a greater quantity of oil or other liquid. 
It, therefore, has become the practice in some 
pools, notably the Van Texas, to introduce gas 
into the formation as the oil or other liquid is 
removed, thereby to repressure the same, main 
tain bottom hole pressure and reservoir volume. 
By this practice in combination with controlled 
flow, it has been found in many instances that 
a greater ultimate recovery is possible and orderly 
encroachment of Water is assured, as is well un 
derstood by those skilled in the art. 
There are, however, many fields which are now 

on their way to depletion which have not-been 
produced in conformity with this principle and in 
which it is desirable to returni gas to the forma 
tion either to increase the bottom hole pressure 
or to maintain those already existing. In gen 
eral, it is believed to be desirable to increase the 
amount of gas returned to the formation or reser-. 
Voir as the depletion progresses. . 
The primary object of the present invention is 

to return gas to the producing.formation or reser 
Voir. - 
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An additional object of the invention is the 
provision of a device which will accomplish the 
first named object and which will also operate 
as a gas-lift pump for raising liquid to the well 
surface. 

Still another object of the invention is to re 
turn gas the producing formation in volumes 
equal to or greater than that of the liquid re 
mOWed. w 

Other objects of the invention are the con 
servation of reservoir gas volumes, the produc 
tion of liquid from a well with a minimum gas 
liquid ratio and the provision of a device for ac 
complishing the aforementioned objects which 
will be simple in operation, contain a minimum 
of moving parts and be capable of easy installa 
tion. . . . 

Further objects of the invention will be ap 
parent from a consideration of the detailed 
specification, claims and the drawing in which: 

Figure 1 is a longitudinal view, partly in sec 
tion, of an embodiment of applicant's invention 
in place in a well. . . 
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figure 2 is a detailed enlarged sectional view 
of the pumping element and valve mechanism. 

Referring particularly to Figure 1, a well hole 
is indicated at the bottonportion f of which 
is adapted to receive oil or other liquid forced. 
from the producing formation '. The usual 
casing 2 extends within the well hole and is 
generally cemented in place at the edge of the 
producing strata as indicated at as will be 
understood by those skilled in the well drilling 
art. A string of tubing 4 is arranged within the 
casing f2 and extends to the well surface where 
it passes through the casing head S. At the 
upper end of the tubing string 4, a choke f is 
mounted to control the flow of fluid through the 
tubing string 4 as the well is produced. The 
choke shown is similar to the one described in 
Knowlton and Crites Patent 1905,592, although 
other well known flow heads or chokes may be 
employed. A length of tubing f of larger di 
ameter than the tubing f is attached thereto 
at the lower end thereof to form a chamber 8 
in which is mounted a partition 9 dividing the 
chamber 8 into two parts, the lower of which 
serves as a liquid accumulation chamber as indi 
cated at 8. A packer 2 forms a seal between 
the casing f2 and tubing 7 to seal of the bottom 
portion of the well hole. The tubing string 4 
is offset adjacent the lower end thereof as at 22 
and extends through the partition 9 and into the 
chamber 18 to a point near the bottom thereof, 
and carries at its lower end a standing valve 23 
in a valve cage 24 which acts as a check valve 
to prevent the return of fluid from the eductor 
tubing 4 to the chamber 8. 

a valve cage 26 which serves to admit liquid from 
the Well hole to the liquid accumulation cham 
ber is while preventing the return of liquid 
therefrom. * 

A pumping element indicated generally at 2 
is mounted in the partition f and extends there 
through with a portion thereof in the accumula 
tom chamber 3” and a portion above the parti 
tion exposed to gas under pressure which may 
be introduced through the pipe 28 to the casing 
2 and thence through the ports 20 to the upper 
portion of the chamber 8. 

Referring to the pumping element 2 in de 
tail, as shown in Figure 2, a housing indicated 
at 29 is secured in an aperture in the partition 
9 as by wells 30 or any other conventional 
means. The casing .29 may be constructed in 
two parts, an upper portion 3 and a lower por 
tion 32. The upper portion 3 is provided with 
a chamber 33 in which is mounted a bellows 
35 exposed to the high pressure gas in the upper 
portion of the chamber 8 by means of the port 
34. Depending from the bellows 35 and fixed 
thereto is a valve stem 36 having mounted there 
on, to move therewith, valve heads 3 and 38 
adapted to seat on valve seats 39 and 40, respec 
tively, formed in the upper portion 3 of the . 
housing 29. The valve head 3 may be fixedly 
or adjustably secured to the stem 36 in any well 
known manner while the valve head 38 is pref 
erably secured to the stem as by a nut 4 mounted 
on the stem as by screwthreads 42. The lower 
portion 32 of the housing 29 is connected to the 
upper portion 3 as by screwthreads 43, and 
serves as a spring guide and housing for a com 
pression spring 44 which surrounds the stem 36 
and is mounted between a flange 45 in the lower 
housing portion 32, and a plate 46 mounted on 

s the stem 3 as by a screw nut 47. The spring 

The tubing 
likewise is provided with a standing valve 25 in 
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acts as in opposition to the bellows normal 

ly to maintain the valve head 37 seated on its 
seat 39, and may have its tension varied by the 
nut 47 thereby to vary the force required to op 
erate the bellows 5. ? ? 

Bores 48 and 48 extend partially through the 
partition 9 in a radial direction and communi 
cate with a port 5 formed in the tubing and a 
port 49 formed in the tubing . A relief, pas 
sage 5 is formed in a side wall of the upper 
portion S. of the housing 29 and places the low 
pressure side of the belows 85 in communication 
with the bore 48 and thence to the exterior of 
the tubing 7 through the port 49 to relieve any 
back pressure which would tend to build up 
behind the bellows 35 in operation. A bore or 
passage is is formed in the housing part 
and Communicates with the passage 48' and a 
port 52 formed in the valve seat 40. With the 
valve heads in the positions shown, it will be ap 
parent that any gas in the chamber 8' may 
flow through the port 52, passage 5, passage 4 
and port 49 to the exterior of the tubing 7. A 
second chamber 53 is formed in the upper por 
tion 3 of the housing 29 in which is mounted 
a bellows 54 having one side exposed to the pres 
sure existing in the bellows chamber 33 through 
the medium of the port 55 and the other side 
exposed to the pressure existing in the chamber 
8' through the medium of the port 56. A plug 

57 may be screwed into one end of the chamber 
53 and is provided with a passage, 58 extending 
from the chamber 53 to a passage 59 in the hous 
ing portion 3 which in turn communicates with 
the eduction tubing 4 through the passage 48 
and port 50. A needle valve 60 is secured to one 
side of the bellows 54 and serves to open and 
close the bore 58 in response to pressure differ 
entials existing at one side or the other of the 
bellows. Gas under pressure may pass from the 
bellows chamber 33 into the spring housing 32 
when the valve head 37 is open and the valve 
head 38 in closed position, through the ports 6 
in the valve head 38 and the ports 62 in the 
spring follower plate 46. Ports or openings 63 
in the spring housing 32 provide for gas passage 
therefrom into the liquid accumulation cham 
ber 8'. 
The pumping device is assembled on the tubing 

string 4 at the well surface. It is to be un 
derstood that the partition 9 together with the 
pumping element 27 is first welded or otherwise 
secured in place in the tubing T which is then 
slipped over the tubing string 4 and the up 
per end may be peened over into engagement 
with the tubing String and welded or otherwise 
secured thereto. The tubing string 4 together 
with the pumping device is then lowered within 
the well hole in the usual nanner until the packer 
2 seats against a shoulder (not shown) on the 
casing 2. The casing head is then sealed in 
any of the known ways as will be well understood 
by those skilled in the art. At this point, the 
lower end of the tubing T including the pumping 
element 2 will be submerged in the Well fluid 
which will stand in the well hole at various 
heights depending upon the bottom hole pressure 
and available liquid. 
In operation, the liquid standing in the well. 

hole forces the standing valve 25 to rise there 
by admitting liquid to the liquid accumulation 
chamber where it will Seek its level. It is gen 
erally desirable to so proportion the chamber 
8' that it will be entirely filled with liquid, al 

though the device will operate Satisfactorily with 
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partial falling. Air in the chamber escapes 
therefrom through the ports 8, 2, U2, passage. 
48' and port 4 to the exterior of the tubing . . 
Gas under pressure is then admitted through 
the pipe 2 to the casing 2 from whence it 
passes the ports 2 into the chamber 8 through 
the port 34 to the bellgws chamber 33 where it 
exerts suficient pressure upon the bellows 35 to 
compress the same, thus opening the valve 8 
and closing the valve 8. It can now pass 
through the ports, spring ports 2 and ports 
B3 to the liquid accumulation chamber 8' where 
in it exerts a pressure upon the surface of the 
liquid therein greater than the pressure, exerted 
by the liquid in the well hole, thus forcing a 
slug of liquid into the eductor tubing 4 through 
the standing valve 23. At the same time the 
ports US and B are each exposed to equal gas 
pressures and the inherent spring of the bellows 
54 maintains the needle valve to in closed po 
sition. When the liquid accumulation chamber 
has been exhausted of liquid the pressure of the 
admitted gas is reduced, generally by an in 
termitting valve at the well surface which shuts. 

ses off the supply of gas at predetermined intervals, 
or any other form of control may be used, suf 
ficiently to enable the spring 44 to close the valve 
37 and open the valve 38. It is to be understood 
that the pressure differential necessary to op 
erate the valve may be relatively small depend 
ing upon the setting of the spring tension. For 
instance, in some wells it may be necessary or 
desirable to use a gas pressure of around three 
or four hundred pounds per square inch to raise 
the liquid in which case the valve might be set 
to operate. at a fifty-pound per square inch dif 
ferential. As the valve 3 closes, the gas under 
pressure in the chamber 3 is cut off from the 
accumulation chamber 8 and the compressed 
gas within this chamber may escape through the 
ports 03, 61, 52 passages. 5 and 48 and port 
49 to the exterior of the tubing . . At this in 
stant, pressure on the side of the bellows exposed 
to the liquid accumulation chamber through the 
port 56 of the bellows 54, is reduced to a rela 
tively low value whereas the pressure on the other 
side in communication with the bellows cham 
ber 33 through the port 55 is maintained at a 
relatively high value, thus compressing the bel 
lows 54, unseating the valve 60 and permitting, 
gas under pressure to pass through the port SS, 
chamber 53 passages 58, 59 and 48 and port 50 to 
the eduction tubing 4 where it serves to aerate 
the column and to provide a compressible medium 
to aid in controlling the pressure in the accumu 
lation chamber 18' in accordance with the set 
ting of the choke it. As the gas is exhausted 
from the liquid accumulation chamber, liquid 
from the well again enters the chamber through 
the standing valve to fill the same. The fluid in 
the eduction pipe is prevented from returning to 
the chamber by the standing valve 23. The in 
termitter or other control at the well surface 

70 

then raises the gas pressure in the upper por 
tion of the chamber 8, sufficiently to again open 
the valve 37 to repeat the cycle. It will then 
be apparent that after the eduction tubing has 
fled each slug of liquid passing thereunto forces 
a slug out at the top and the introduction of gas 
into the tubing during the gas exhaust of the 
chamber 8' serves to maintain the liquid in the 
eduction tube in a state of constant motion. 

It will be observed that the packer 2? forms 
a sealed space between the tubing 7 and the 

75 well hole adjacent the producing formation. 

?,14?, 488 
Therefore, gas exhausted into this space cannot 
flow to the well surface but is returned to the 
producing formation or reservoir as indicated by 
the arrows B. ---- . . . . . 

It will now be apparent that an equal or great 
er volume of gas is returned to the formation 
than the volume of oil or liquid taken there 
from depending upon the gas pressure within the 
chamber 8, thus resulting in a re-pressuring 
of the reservoir, or as it may be expressed, main 
tenance of reservoir yolume. . . . . . 

It is generally desirable to so locate the port 
49 that the gas will be returned to that portion 

10 . 

of the formation nearest to the space which it 
normally occupies in the producing reservoir. 
While that aspect of the invention concerned 

with returning of gas to the formation is appli 

the producing sand is thick and in sections. 
. It is to be understood that the embodiment of 
applicant's invention illustrated in the drawing 
and described above is for the purpose of illus 
tration only, and that changes in structure and 
design are contemplated within the scope of the 
subjoined. claims. 

I claim as my invention: . 
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cable to formations of most any type, it is par 
ticularly effective in those formations in which 

20 

25 

1. In a device for raising liquids from a well 
and for returning gas to a producing formation, a 
chamber for the accumulation of liquid located 
adjacent the producing formation, means to seal 
the chamber in the well bottom to form a closed 
space surrounding the chamber, a conduit for 
conducting gas under pressure to said chamber, 
a conduit for the eduction of liquid from said 
chamber, and means for exhausting the gas with 

- in the chamber to the closed space and to the 
formation. 

2. In a gas-lift pumping device, a chamber. in 
the well hole adjacent the producing formation, 
valve means within said chamber for the admis 
sion of liquid from said well to said chamber, 
means to form a sealed space between the cham 
ber and the producing formation, means for con 
ducting gas under pressure to said chamber, 
means for conducting liquid therefrom and means 
in communication with said chamber and said 
sealed, space to conduct exhaust gas from said 
chamber to the formation. 

3. In a device for raising liquids from a well 
and for re-pressuring, producing formations, a 
casing extending within the well to a point ad 
jacent said formation, a tubing within the well 
hole extending into the producing formation and 
spaced therefrom to form a chamber for the ac 
cumulation of liquid therein, a tubing string ex 
tending from the well surface to said chamber for 
the eduction of liquid therefrom, a source of gas 
under pressure in communication with said 
chamber, a packer between the casing and cham 
ber to seal the space between the chamber and 
formation, and means to conduct the exhaust 
gases from said chamber to said sealed space. . 

4. In a device for raising liquid from a well 
reservoir, a liquid accumulation chamber within 
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the reservoir, a packer between the well wall and . 
said chamber forming a seal therebetween above 
said reservoir, a conduit for the induction of gas 
under pressure to said chamber, a conduit for 
conduction of liquid from said chamber to the 
well surface, a conduit for the exhaust of gas 
from said chamber to said reservoir, and means 
to control the flow of gas through said conduits. 

5. In a device for raising liquid from a well 
reservoir and for returning gas thereto, a liquid 



4. 
accumulation chamber in said reservoir, includ 
ling a check valve to admit liquid to said cham 
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ber, a packer between said chamber and the well 
wall forming a seal therebetween, a gas induc 
tion conduit in communication with said cham 
ber, aliquid eduction conduit extending into said 
chamber, a gas exhaust conduit extending from 
said chamber to said reservoir below said packer, 
and means responsive to pressure differences to 
control the flow of gas through said induction and 
exhaust conduits. 

6. In a device for raising liquids from a well 
and for re-pressuring the producing formation, 
a chamber within the well and extending into said 
formation, a check valve for admitting liquid to 
said chamber, a seal between said chamber and 
said formation adjacent the upper end of said 
chamber, means for introducing gas under pres 
sure to said chamber, means for conducting liquid 
therefrom to the well surface, and means for 
conducting exhaust gas from said chamber to 
said formation. ? 

7. A device for raising liquids from a well and 
for returning gas to the producing formation, 
comprising a liquid accumulation chamber with 
in said well extending into said formation, means 
for sealing said chamber in said formation, a 
conduit in communication with said chamber for 
the introduction of gas under pressure thereto, a 
conduit in communication with said chamber 
for the eduction of liquid therefrom, a conduit 
for exhausting gas from said chamber to the 
producing formation, and means to control the 
flow of liquid through said eduction conduit 
thereby to control the volume of gas to be ex 
hausted to said formation. 

8. In a device of the character described, a 
chamber for the accumulation of liquid therein, 
a conduit for admitting gas under pressure to 
said chamber, a conduit for the eduction of liq 
uld from said chamber, a passage from said 
chamber to the exterior thereof for the exhaust 
of gas therefrom, a conduit for the introduction 
of gas into said liquid eduction conduit, means 
to control the admission of gas to said chamber 
and the exhaust of gas therefrom, and means re 
sponsive to pressure differences between the gas 
admission conduit and said chamber to control 
the admission of gas to said last named conduit. . 

9. A gas operated pump structure for raising 
liquids from a well hole and for returning gas to 
a producing formation, comprising a pump hous 
ing adjacent the producing formation having a 
partition dividing the housing into upper and 
lower chambers, a packer between the housing 
and producing formation to seal the space be 
tween the housing and formation, inlet ports to 
admit the gas under pressure to the upper chann 
ber, a check valve adjacent the bottom end of the 
lower chamber for the admission of liquid there 
to, a liquid eduction conduit mounted in the par 
tition having its lower end in communication 
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with the lower chamber, and valve means mount 
ed in the partition directing the gas under pres 
sure into the lower chamber to force the hiquid 
accumulated therein into the induction tube and 
an exhaust port in the valve for exhausting the 
gas in the lower chamber into the formation for 
repressuring purposes when the source of gas 
supply is closed at the surface of the well. 

10. A gas operated pump structure for raising 
liquid from a well hole and for returning gas to 
a producing formation, comprising a pump hous 
ing adjacent the producing formation having 
a partition dividing the housing into an upper 
gas chamber and a lower liquid accumulation 
chamber, a packer between the housing and pro 
ducing formation to seal the space between the 
housing and formation, a check valve in the lower 
chamber, a liquid eduction pipe mounted in the 
partition having its lower end in communication 
with the lower chamber and connecting with the 
well tubing at its upper end, a pilot valve mech 
anism mounted in the partition with a tension 
Spring to keep the valve normally seated, a bel 
lows connected to the valve and subjected to the 
gas pressure to lift the pilot valve from its seat 
thus directing the gas pressure into the accumu 
lation chamber to force the oil therein into the 
eduction pipe and a by-pass for exhausting the 
accumulation chamber of gas when the gas pres 
sure is closed at the surface of the well and to 
direct the gas pressure into the gas formation an 
thus repressure the same. 

11. A gas operated pump structure for rais 
ing liquid from a well hole and for returning gas 
to a producing formation, comprising a pump 
housing adjacent the producing formation having 
a partition dividing the housing into an upper 
gas chamber and a lower liquid accumulation 
chamber, a packer between the housing and pro 
ducing formation to seal the space between the 
housing and formation, a liquid eduction pipe 
mounted in the partition having its lower end in 
communication with the lower chamber and con 
necting with the well tubing at its upper end, a 
pilot valve mechanism mounted in the partition 
with a tension spring to keep the yalve normally 
seated, a bellows connected to the valve and sub 
jected to the gas pressure to lift the pilot valve 
from its seat against the pressure exerted by the 
tension spring to thus allow the pressure gas to 
enter the accumulation chamber to force the liq 
luid therefrom, a by-pass to exhaust the accumu 
lation chamber when the gas pressure means is 
closed and adapted to direct the gas from the 
accumulation chamber into the liquid formation 
to represSure the Same and a Second by-pass con 
trolled by a bellows adapted to establish com 
munication between the gas pressure and the 
eduction pipe when the pilot valve is closed to 
aerate the oil column. 
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