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This invention relates to a method of and 
apparatus for pumping liquids from Wells by 
means or air or gas under preSSLIre. 
Many devices have been designed for the pur 

pose of injecting into a column of liquid in a 
Well a quantity of air or gas under pressure S0 
as to lighten said column of liquid and enable 
the natural pressure within the well to force 
the said column of liquid from the top of the 
well when it would not otherwise rise to the level 
of the top of the well. 

Previously also liquid from the bottom of a 
Well has been permitted to rise within a pipe Or 
tubing in the well, which pipe or tubing is pro 
vided with a check valve at the lower end there 
of, until it reaches or approaches the maximum 
height to which the natural pressure within the 
well will force the same, and then the liquid has 
been forced from the well by means of compara 
tively large volumes of gas or air under pressure 
which are admitted to the pipe or tubing adja 
cent the botton thereof. 
While the foregoing and other arrangements 

and devices have been successfully employed in 
the pumping of a fluid from wells where the 
natural pressure within the well is sufficient to 
raise the fluid in the eduction pipe to a consider 
able height, these means and methods have been 
found to be impractical in pumping a well in 
which the pressure is extremely low so that the 
liquid may be raised into the pipe by the natu 
ral pressure only to a relatively small height. 
In such instances, it has been found either that 
the gas which is injected into the column of 
fluid will, due to the small amount of submer 
gence, break through the top of the column of 
liquid and rise as gas without lifting or causing 
the upward movement of the liquid, or if this 
has not occurred, the production due to the rela 
tively small height of the column of liquid re 
moved, has been found to be so small as to not 
Warrant the expense of operation. 

It is an object of this invention to provide 
an apparatus by means of which wells having 
an extremely low natural pressure may be pro 
duced economically by means of air or gas under 
pressure. 
Another object of this invention is to provide 

Such a device which will operate automatically 
to flow liquid from a well substantially as fas 
as the Well is capable of producing. 
Another object of this invention is to produce 

a relatively large Volume of liquid from a well 
having a relatively low natural pressure. 
Other objects and advantages will become ap 

(CE. 103-234) 
parent from the following description taken in 
connection with the accompanying drawing, the 
Same being by way of illustration and example, 
and not by way of limitation. 

In the drawing: m 5 
Fig. 1 is a view illustrating a well equipp 

with apparatus arranged in accordance with this 
invention, said well and a portion of said appa 
ratus being shown in vertical cross section. 

Fig. 2 is an enlarged vertical cross section of 10 
a portion of the apparatus illustrated in Fig. 
located adjacent the bottom of the well. 

Refering more specifically to Fig. 1, the nu 
meral indicates the customary casing which 
is provided with a conventional casing head 2 5 
adjacent its upper end. A combined cover plate 
and gland 3 is adapted to close the upper end 
of the casing head and compress the packing 4 
into contact with the tubing 5 passing there 
through. The packing 4 rests upon a suitable 20 
washer or other support 6, and forms a seal 
between the upper end of the casing head and 
the outside of the tubing 5. The plate 3 is held 
in place by means of bolts or the like. 
At its upper end the tubing 5 is provided with 25 

a control valve 8 and a T connection 9 which 
receives a pressure gauge 0 and a flow line 
for conducting away the liquid as it comes out 
of the well through the tubing 5. Interposed in 
the flow line f is a pressure operated control 30 
valve 2 which opens or closes the connection 
between the upper end of the tubing, and what 
ever receptacle may be provided for the liquid. 
Connected to the casing head 2 is a pressure 

line f3 adapted to conduct air or gas under 35 
pressure into the casing. Control valves 4 and 
f5 are interposed in this line for controlling the 
flow of gas or air under pressure into the casing, 
and as Will be presently pointed out, into the 
tubing as well. 
A by-pass line 6 joins the gas conduit 3 

between the valves 4 and 5 to the flow line 
between the T-connection 9 and the pressure 

40 

operated valve 2. This by-pass is provided with 
the customary union and with a pressure actu- 45 
ated valve f8. The pressure actuated valve 8 
may be of substantially the same construction 
as the Valve 2 with the exception that when 
pressure is applied to the valve 2 it serves to 
close the same, and when pressure is applied to 50 
the valve 8 it serves to open the same. 
Tapped into the air or gas supply line 3 

between the valves 4 and 5 is a pilot line 9 
leading to an automatic, time-operated valve 20. 
Pressure gauges 2 and 22 may be employed on 55 
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both sides of the time-operated valve 20 and the 
discharge end of the time-operated valve 20 is 
connected through a T 23 to both of the valves 
2 and 8. It will thus be seen that when the 

time-operated valve 20 is in position to prevent 
passage of air or gas under pressure through 
the line 9 to the valves 2 and 8, the valve 2 
will be open and the valve 8 closed. When the 
valve 20 opens, however, to admit pressure to 
the valves 2 and 18, the valve f2 will then be 
closed and the valve 8 opened. The purpose 
of this operation will be presently set forth. 
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The casing f at its lower end is provided with 
a liner 24 extending into the producing forma 
tion. The tubing 5 is provided adjacent its lower 
end but above the upper end of the casing with 
a housing 25 which is illustrated more in detail 
in Fig. 2, and the tubing extends below the said 
housing through a packing 26 and is connected 
with an enlarged chamber 27 of as great an 
internal diameter as the diameter of the liner 24 
Will permit. The lower end of this chamber 27 
is connected to a screen 28 and between the said 
Screen and the chamber 2 is interposed a check 
valve 29 adapted to prevent back flow from the 
chamber 27 into and through the screen 28. The 
packing 26 which has been referred to serves to 
form a seal between the inner wall of the casing 
and the outer surface of the tubing at a point 

below the housing 25. 
Extending through the tubing from a point 

above the housing 25 to a point adjacent the 
lower end of the chamber 2 is a short section 
of tubing 30 of relatively small diameter. This 
tubing is joined at its upper end to the inner 
Walls of the tubing 5, and is Sealed thereto by 
means of a packing 3. A relatively small open 
ing 32 adapted to serve as a bleeder opening is 
provided in the small diameter tubing 30 just 
below the packing 3. 
The housing 25 has a main passageway there 

through indicated by the numeral 33, which is 
of substantially the same inner diameter as the 
tubing 5, and has an off-set chamber 34 sep 
arated from the main passageway by means of 
a partition 35 having an opening 36 therein. 
The exterior wall of the chamber 34 is formed 
with an opening 37 which is normally closed 
by means of a cover plate 38. Mounted on the 
cover plate 38.by means of a support 39 and a 
nipple 40 is a tubular housing 4 having valve 
seats 42 and 43 therein above and below the nip 
ple 40, respectively. A valve stem 44 extends 
through the tubular housing 4 and carries valve 
elements 45 and 46 adapted to cooperate respec 
tively with the valve seats 42 and 43 to control 
passage through the nipple 40 past the valve 
seats 42 and 43 and through the opening 36. 
The lower end of the valve stem 44 passes 
through an abutment 47, and between said abut 
ment and the nut and washer combination 48 
of the lower end of the valve stem is mounted 
a spring 49 which tends to hold both valve ele 
ments 45 and 46 away from their respective seats 
42 and 43. The plate 38 is normally held in 
position on the housing 25 by means of screws 
50 or the like. Air or gas flowing downwardly 
past the valve seat 43 is permitted to escape from 
the tubular housing 4f through openings 5. 
The valve element just set forth is capable of 

adjustment by means of the nuts 48 on the lower 
end of the valve stem, 44, and when properly 
adjusted a predetermined excess of pressure 
within the casing Over the pressure existing 
within the tubing will cause the upper valve 
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element 45, which is larger than the lower valve 
element 46, to be moved against its seat thus 
closing the passage from the interior of the cas 
ing to the interior of the tubing through this 
valve. When, however, the pressure within the 
tubing rises until the differential between the 
pressure in the casing and the pressure in the 
tubing is less than a predetermined amount 
which is smaller than the differential at which 
the valve will close, the valve will be opened by 
the spring 49. 
The time controlled valve 20 has not been de 

scribed in detail inasmuch as the Valve per Se 
forms no part of this invention, and valves ca 
pable of performing the function desired are 
available on the open market. Likewise, the 
details of the valves 2 and 8 have not been 
shown inasmuch as such valves are available On 
the open market, and as such form a part of the 
present invention only in that they form a part 
of the combination to which this invention re 
lates. 
Assuming that the well illustrated is one in 

which the natural formation pressure will lift 
the liquid only to a relatively small height in 
the tubing or in the chamber 27, the operation 
of the apparatus is as follows: 
The apparatus is first placed in the well as 

illustrated, whereupon the liquid will rise in the 
chamber 27 and the tubing 5 to the maximum 
height to which the natural pressure in the for 
mation will lift it. Due to the fact that there 
will be at this time little or no differential in 
pressure between the casing and tubing at the 
location of the valve housing 25, or if any sub 
stantial differential exists, the excess of pres 
sure will be on the inside of the tubing, the valve 
elements 45 and 46 will be held away from their 
seats by the spring 49. Air or gas under pressure 
is then introduced into the casing through the 
supply line 3 and the pressure within the casing 
rises until it exceeds the pressure existing within 
the tubing, whereupon gas will begin to flow 
through the nipple 40 past the valve seats 42 
and 43, through the opening 36, and into the 
tubing 5 below the packing 3. Inasmuch as the 
opening 32 is very small, a relatively small 
amount of gas will pass through this opening, 
and as the volume of gas within the tubing 5 
below the packing 3 increases, it will force the 
liquid in the annulus between the tubing 5 and 
the tubing 30, or between the chamber 27 and 
the tubing 30, downwardly. The check valve 29 
will prevent the passage of this liquid down 
Wardly into the formation and the same will be 
forced upwardly through the tubing 30 and into 
the upper portion of the tubing 5. Inasmuch as 
the chamber 27 is of considerably larger diameter 
than the tubing 5, the liquid which is thus forced 
into the tubing 5 will form a column of much 
greater length than the height at which the 
liquid stood in the chamber 27. This will serve 
to give the air or gas under pressure, when the 
level of liquid has been forced to the lower 
end of the tubing 30 and the air or gas begins 
to enter the tubing 30, a sufficient submergence 
So that it will not burst through the liquid, but 
will instead force the entire column of liquid up 
Wardly through the tubing 5 &nd out of the 
Well through the flow line and the valve 2. 
The air or gas passing through the bleeder open 
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ing 32 also serves to aid in raising the liquid in 
the tubing. It is assumed that during this opera 
tion the valve 2e will be in closed position so that 
the valve 2 will be open and the valve 8 closed, s 
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When a predetermined amount of the liquid 
thus raised is forced out through the flow line 
f, the pressure within the tubing due to the 
Weight of said liquid will be reduced, and the 
pressure of air or gas within the casing will ex 
ceed the pressure within the tubing by such an 
amount that the valve elements 5 and 46 will 
be forced by this great differential of pressure 
and the excessive flow caused thereby to seat 
against their respective seats despite the action 
of the spring 49. It is noted in this connection 
that while the pressure differential and flow 
caused thereby act on the valve elements 45 and 
66 in opposite directions, the element 45 is larger 
and the net result of said differential pressure 
and flow will be a tendency to move the ele 
ments 5 and 66 toward their seats. When this 
tendency becomes great enough to overcome the 
tension of the spring 89, the valve will close. 
With the valve elements 85 and is thus seated, 

and the pressure within the tubing relatively low 
compared to the pressure in the casing, the liquid 
will again be produced by the formation, and will 
be forced by the formation pressure past the 
check valve 29 and into the chamber 27. As the 
liquid rises in the chamber 2, the air above the 
level of the liquid and outside of the tubing 30 
will be permitted to escape through the opening 
32. The liquid will thus rise substantially to 
the height to which the formation pressure will 
efficiently raise it. It is contemplated that this 
height will be insufficient to raise the pressure 
Within the tubing at the level of the housing 25 
by a sufficient amount to cause the movement of 
the valve elements 45 and 6 away from their 
Seats and thus open this valve. The valve 20, 
however, is so regulated depending upon the 
capacity of the formation in a particular well to 
produce liquid, that it will open after a sufficient 
period of time has passed for the liquid in the 
chamber 27 and the tubing 5 to rise to an efficient 
height. When the valve 20 opens this admits 
pressure to the valves 2 and 8 and causes 
the closing of the valve 2 and the opening of 
the valve 8. This valve action permits gas or 
air under pressure from the supply line 3 to 
be by-passed through the by-pass 6 into the 
flow line from whence it is forced into the 
tubing 5. This raises the pressure within the 
tubing 5 until it approaches the pressure within 
the casing by an amount sufficient to cause the 
opening of the valve elements 45 and 46. The 
time controlled valve 20 will be so regulated that 
as soon as the valve elements 45 and 46 move 
away from their seats it will close again so as 
to permit the opening of the valve 2 and the 
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closing of the valve 8. With the valve elements 
É5 and 86 now open, flow of air or gas will take 
place from the casing into the tubing in the 
manner hereinbefore described, and the oil which 
has risen into the chamber 2 and the tubing 5 
will be forced from the well. This process will be 
repeated automatically as the time controlled 
Valve 2 operates, said valve being adjusted in 
each instance to the particular conditions pre 
Vailing in the well on which it is installed. 
From the foregoing, it will be seen that a 

neans has been provided for forcing liquid fron 
a well substantially as fast as the well is capable 
of producing the liquid, even though said well 
may have a natural formation pressure which 
will only raise the level of the liquid in the well 
by a relatively Small annount. 

It will likewise be appreciated that the Wari 
ous other objects and advantages sought by this 

3 
invention will be accomplished by the apparatus 
and the method set forth. 
What claim is: 
1. In an apparatus for pumping liquids, a 

tubing extending below the static level of the 
liquid, meins for supplying gas under pressure to 
Said tubing at a point adjacent the lower end 
thereof, a valve controlling the admission of 
Such gas and adapted to open when the pres 
Sure within the tubing rises to within a prede 
termined pressure difference below the pressure 
of the gas supply and to close when the pressure 
Within the tubing falls to more than a prede 
termined greater pressure difference less than 
the pressure of the gas supply, and means for 
momentarily admitting gas under pressure to 
Said tubing adjacent the upper end thereof to 
raise the pressure within said tubing and cause 
said valve to open. 

2. In an apparatus for pumping liquids, a 
tubing extending below the static level of the 
liquid, means for supplying gas under pressure to 
said tubing at a point adjacent the lower end 
thereof, a valve controlling the admission of 
Such gas and adapted to open when the pressure 
within the tubing rises to within a predetermined 
pressure difference below the pressure of the gas 
Supply and to close when the pressure within the 
tubing falls to more than a predetermined great 
er pressure difference less than the pressure of 
the gas supply, and time controlled means for 
nomentarily admitting gas under pressure to 
said tubing adjacent the upper end thereof to 
raise the pressure within said tubing and cause 
Said valve to open at predetermined intervals. 

3. In an apparatus for pumping liquids, a tub 
ing extending below the static level of the liquid, 
means for supplying gas under pressure to said 
tubing at a point adjacent the lower end thereof, 
a valve controlling the admission of such gas and 
adapted to open when the pressure within the 
tubing rises to within a predetermined pressure 
difference below the pressure of the gas supply 
and to close when the pressure within the tubing 
falls to more than a predetermined greater pres 
sure difference less than the pressure of the gas 
supply, and means for momentarily raising the 
pressure within said tubing to cause said, valve 
to open. 

4. In a method of opening a valve for admit 
ting gas under pressure adjacent the lower end 
of a Well tubing, where said valve will Only open 
upon the existence of a predetermined pressure 
within the tubing at the valve and the natural 
formation pressure within the well is incapable 
of producing such pressure, the steps of permit 
ting the natural formation pressure to force the 
Well liquid into the tubing until such flow into 
the tubing falls below a predetermined rate, and 
admitting gas under pressure into said tubing 
adjacent the upper end thereof while preventing 
backflow from said tubing into Said Well, to 
raise the pressure within said tubing at Said valve 
and cause the Wave to Open. 

5. In a method of flowing a well having 8. 
chamber therein extending below the static level 
of the liquid in the well, a tubing of relatively 
smali diameter extending upwardly from said 
chamber, and a valve for admitting gas under 
pressure to said chamber, where said valve will 
only open upon the existence of a predetermined 
pressure within the chamber at the valve and 
the natural formation pressure within the well 
is incapable of producing such pressure, the steps 
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4. 
force the well liquid into the chamber and tubing 
until such flow into the chamber falls below a 
predetermined rate, admitting gas under pressure 
into said chamber adjacent the upper end there 
of while preventing backflow from said chamber 
into said well, to raise the pressure within said 
chamber at said valve and cause the valve to 
open, and repeating the admission of gas under 
pressure to said tubing for said purpose at inter 
vals depending upon the rate of flow of well liquid 
into said chamber when the valve is closed. 

6. In combination, an apparatus for flowing a 
well comprising a casing, a tubing within said 
casing and having an opening therein adjacent 
the lower end of said casing, a valve controlling 
flow through said opening and adapted to open. 
when the pressure within said tubing rises to 
within a predetermined pressure difference less 
than the pressure within the casing and to close 
when the pressure within said tubing falls to a 
greater predetermined pressure difference less 
than the pressure within the casing, a seal be 
tween said casing and tubing below said valve, 
a chamber of enlarged diameter on said tubing 
having an opening adjacent its lower end, a 
check valve for preventing flow from said cham 
ber through said opening, a tubing section of 
reduced diameter extending from a point within 
said first mentioned tubing above said valve to 
a point adjacent the lower end of said chamber, 
a packing between said tubing Section and said 
tubing above said valve, said tubing section hav 
ing a relatively small bleeder opening therein 
adjacent and below said packing, means for in 
troducing gas under pressure into said casing, 
means for admitting gas under pressure into said 
tubing adjacent the upper end thereof, and time 
controlled means for causing the admission of 
said gas into the tubing at predetermined inter 
Wals. 

7. In an apparatus for pumping liquids, a con 
duit extending below the static level of the liquid, 
means for supplying gas under pressure to said 
conduit at a point remote from the upper end 
thereof, a valve for controlling the admission of 
such gas and adapted to open when the pressure 
Within the tubing rises to within a predetermined 
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pressure difference below the pressure of the gas 
supply, and to close when the pressure within 
the tubing falls to more than a predetermined 
pressure difference less than the pressure of the 
gas supply, and means for momentarily raising 
the pressure within said tubing to cause said 
Valve to Open. 

8. In an apparatus for pumping liquids, a con 
duit extending below the static level of the liq 
uid, means for supplying gas under pressure to 
said conduit at a point remote from the upper 
end thereof, a valve for controlling the admis 
sion of such gas and adapted to open when the 
pressure within the tubing rises to within a pre 
determined pressure difference below the pressure 
of the gas supply, and to close when the pressure 
within the tubing falls to more than a predeter 
mined pressure difference less than the pressure 
of the gas supply, and means for raising the pres 
Sure within said tubing to cause said valve to 
Open. 

9. In a method of flowing a well having a tub 
ing therein and a valve for admitting gas under 
pressure adjacent the lower end of said tubing, 
where said valve will only open upon the exist 
ence of a predetermined pressure in the tubing 
at the valve and the natural formation pressure 
within the well is incapable of efficiently produc 
ing such pressure, the steps of permitting the 
natural formation pressure to force the well liq 
uid into the tubing for a predetermined period 
of time, and admitting gas under pressure into 
said tubing adjacent the upper end thereof to 
raise the pressure within said tubing at said valve 
and cause the valve to open. 

10. In a method of flowing a well having a 
tubing therein and a valve for admitting, gas 
under pressure adjacent the lower end of said 
tubing, where said valve will only open upon the 
existence of a predetermined pressure within 
the tubing at the valve, th steps of admitting the 
natural formation pressure to said tubing to 
build up pressure at said valve for a period of 
time, and then artificially raising the pressure 
within the tubing at said valve by an additional 
amount sufficient to cause Said valve to open. 

ROBERT.R. KYNER. 
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